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Abstract  

Pediatrics metabolic syndrome (MetS) may be associated with the risk of development of 

chronic diseases in adulthood; however, the definition of pediatric MetS is unclear, and may 

vary with ethnicity. The primary goal of this study was to determine the best anthropometric 

predictors for pediatric MetS. For this purpose, 988 high school girls were recruited. 

Anthropometric indices and biochemical parameters were measured using standard 

procedures. The adapted MetS for pediatrics, including the IDF, NCEP, and two modified-

NCEPs (Cook's and DeFerranti's) were used to establish a diagnosis of MetS. Statistical 

analysis was performed using SPSS and MedCalc softwares. Except for body frame size (r), 

the values for anthropometric indices were significantly lower in an individual without MetS. 

Waist to height (WHtR), BMI and hip circumference (HiC) showed the strongest association 

with the different MetS definitions. For the IDF definition, the highest sensitivity and 

specificity were observed for HiC (100.0, 85.2) and WHtR (100.0, 84.7); while for the NCEP 

definition, the r index showed the highest sensitivity (85.0); but low specificity made it 

inapplicable. For the Cook's definition of MetS, wrist circumference (WrC), HiC, WHtR, 

BMI and SR had similar sensitivity values with WC (92.9%), and HiC (85.3%) have the 

highest specificity. WHtR (86.05, 80.5), SR (86.05, 82.7) and HiC (76.7, 87.0) sensitivity and 

specificity were the best indexes for DeFerranti's criteria. Based on this date, we concluded 

that HiC and WHtR might be helpful as auxiliary indexes for pediatric MetS definition; 

however, further studies are required in both genders.   

Keywords: Metabolic syndrome; Adolescent; Anthropometric Indices; Pediatrics 
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1. Introduction  

The metabolic syndrome (MetS) is a major risk factor for cardiovascular disease (CVD) and 

type 2 diabetes (T2D), and is defined by a clustering risk factors such as central obesity, 

impaired glucose metabolism, lipid profile disorders and hypertension [1]. There is a high 

prevalence of obesity as a common feature of MetS, among the pediatric population in some 

countries, and this issue has become a problem in public health as it has in adults; 

furthermore, obesity is an increasing challenge for pediatric care [2]. Obesity has been 

associated with the risk of some important pediatric diseases and as well with future risk of 

chronic diseases in adulthood [3]. Also, there is an association between obesity and MetS. 

However, the definition of MetS in pediatric individuals is controversial [4]. Many studies 

have suggested criteria for MetS in pediatrics [5-8]. But these definitions are difficult to 

apply because all of them have problems in taking account of the physiological changes in 

life period such as growth and puberty. Furthermore, puberty has an influence on fat 

distribution, insulin sensitivity in the muscle and liver, and insulin secretion by pancreatic 

cells [4]. Some researchers have tried to introduce other indices for the definition of MetS in 

pediatrics to allow a more accurate assessment of central obesity and determining of body fat 

distribution.  

Anthropometric indices have been applied for monitoring of health status including 

determining diseases, nutritional status, growth, and development. These measures can 

provide the identification of differences in body proportion between populations and can also 

be optimized for the diagnosis and treatment [9-11]. Waist circumference is the most 

frequently used anthropometric parameter which that used to measure central obesity and to 

screen for the presence of MetS [12-14]. For determining the presence of obesity, two  

commonly used anthropometric parameters include body mass index (BMI), and the waist-

hip ratio (WHR) [15]; but BMI cannot adequately distinguish fat from muscle mass, and 
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some studies have showed that WHR is not suitable for assessing central obesity in Caucasian 

population [10, 15-17]. Another anthropometric index that has been proposed to assess 

central obesity is the waist-to-height ratio (WHtR). Imaging techniques have been shown that 

this has a strong correlation with abdominal fat. The correction of WC for height appears to 

be applicable in different ethnic, age and sex groups, while WC requires a population-specific 

cut off values [18, 19]. Some researchers have proposed wrist (WrC) and as measures for 

cardio-metabolic disorders [20]; but data used for predicting MetS, especially in pediatrics is 

limited. Alternate anthropometric indexes may offer a simple, cost-effective, reproducible 

and easily applied measure for screening and monitoring of MetS in pediatrics. Therefore, 

this study investigated the association of some other anthropometric indices with the presence 

of MetS in girls, and aimed to identify the best anthropometric predictor for pediatric MetS in 

this population.  

 

2. Materials and methods 

2.1. Subjects 

The studied population was composed of nine hundred eighty-eight schoolgirls aged between 

12 and 18 years (14.56 ± 1.53), who were resident in the cities of Mashhad and Sabzevar in 

Khorasan Razavi province of Iran. The girls were recruited using a random cluster sampling 

approach. Written consent has been given from the subject or her parents if needed. This 

study was approved by Mashhad University of medical sciences Ethics Committee.   

2.2. Anthropometric Measurements 

We were used standard methods to take anthropometric measures of weight (to the nearest 

0.1 kg) and height (to the nearest 0.1 cm), and waist and hip circumferences at the sites 

defined by WHO. Data calculated from these measurements included BMI and waist-to-hip 

ratio (WHR). Due to differences in the obesity cut off in Iranian children with standard cut 
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off, BMI percentiles were calculated based on Persian population data obtained from the 

CASPIAN study [21]. The wrist circumference was measured using a procedure previously 

used by Capizzi et al. [20]. Body frame size (r) was calculated using WrC/Height.  

2.3. MetS Definition 

We used four common criteria for MetS: IDF [6], NCEP-ATPIII [8], Cook et al. [5], and De 

Ferranti et al. [7] definition for classification of subjects in groups with or without MetS. The 

latter two are modified versions of the NCEP criteria. These definitions are the most widely 

used, criteria for MetS for pediatrics, so were used for this study.  

2.4. Statistical Analyses  

The Kolmogorov-Smirnov test examined normality of data. Data are presented as the mean ± 

standard deviation (SD) for normal variables. Independent t-test was used to compare 

measures between the subjects with and without risk factors. Point-biserial correlation tests 

were used for the estimation of the relation of quantitative and dichotomous variables [22]. 

These results were confirmed by using multi-variant regression tests.  

All statistical analyses were performed using programs available in the SPSS version 15.0 

statistical package for Windows (SPSS Inc., Chicago, IL, USA). P-value <0.05 was 

considered as significant. The area under curve (AUC) was computed using receiver 

operating characteristic curve (ROC). ROC analysis was performed using MedCalc software 

version 15.8 (MedCalc Software, Ostend, Belgium) by DeLong (1988) function. Sensitivity 

and specificity of each index for different MetS definition computed by Yandex index in 

MedCalc.   

 

3. Results: 

Comparisons of means of several anthropometric parameters used in several definitions of 

MetS are shown in Table 1. In this study, the younger children have a higher prevalence for 
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MetS. In all the definitions, weight was significantly different between the subject with and 

without MetS. Age differences were significant only in subjects categorized by IDF 

definition (P= 0.042). As expected, waist circumference (WC) values were significantly 

higher in individuals with MetS using all the definitions (P< 0.001). In all currently used 

adopted definitions, wrist circumference (WrC) and hip circumference (HiC) were lower in 

healthy participants than subjects with MetS (P< 0.001).  

Our findings showed that significantly higher values for anthropometric indices including 

WHR, WHtR, BMI, SR and WSR were found in subjects with MetS compared to non-MetS 

individuals (P< 0.001), while body frame size index (r) had significantly lower values in 

MetS group for all adopted definition which that used in this study (P< 0.05).   

Association of anthropometric indexes with four different MetS definitions is shown in Table 

2. These correlation coefficients was computed by point- biserial correlation which that use to 

estimating of relationship between dichotomous and continuous variables. Age and body 

frame size were shown to have a negative association with all definitions, but the associations 

with age were not significant. To dispense with the weak correlations; height has a significant 

correlation with all definitions except De Ferranti's criteria (r= 0.024 (P= .46)). The r index 

that represent body frame size or WrC to height ratio showed the significant negative 

correlation with IDF (r= -0.106 (P= 0.001)), NCEP-ATP III (r= -0.124 (P= 0.0001)), Cook's 

(r= -0.131 (P= 0.0001)), and DeFerranti's (r= -0.192 (P= 0.0001)). Weight, WHtR, BMI, and 

HiC among studied anthropometrics had the strongest association with different MetS 

definition. According to these findings, SR showed one of the strongest associations with 

MetS based DeFerranti's criteria.   

In all adopted definitions except DeFerranti's, WHtR and weight had a higher association in 

following WC which that used as an accepted criterion. In the DeFerranti's definition, BMI 

had a higher coefficient than WHtR and weight. WHR has been revealed that has weakest 
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association with MetS definitions except DeFerranti's, in later definition, WHR (r= 0.190 (P= 

0.0001)) only stronger than WSR (r= 0.180 (P= 0.0001)).  

WC showed the greatest AUC for all studied definition, WC followed by WHtR (.941 (.925-

.955)) and HiC (.933 (.915-.948)) in IDF definition, in NCEPT-ATPIII definition HiC (.832 

(.738- .926)) and SR (.815 (.726- .905)) have largest AUC after WC, as well in MetS based 

on Cook et al criteria, HiC (.894 (.802- .986)) and WHtR (.891 (.785- .996)) have largest 

AUC, in addition in DeFerranti's definition BMI (.889 (.843- .935)) and SR (.886 (.843- 

.929)) following WC (Table 3, Figure 1).   

As showed in table 4, in subjects which that categorized by IDF definition, HiC, WHtR, BMI, 

and SR showed sensitivity as much as WC (100.00%). HiC (85.20%) and WHtR (84.66%) 

showed the highest specificity for IDF after WC as adopted criterion. In an interesting 

manner in NCEP-ATP III, WC showed lower sensitivity contributed to r (87.50%), and WSR 

(83.33%), while the specificity of WC (87.58%), HiC (85.76%) and WHtR (84.99%) have 

been highest percentages. 

 Our findings showed that HiC, WHtR, WrC, BMI, and SR have equal sensitivity with WC 

(92.86%) in Cook's definition; but regarding specificity, HiC has highest value (85.28%) after 

WC (87.18%). Considering the DeFerranti's definition, WHtR and SR showed the highest 

sensitivity equally (86.05%) and HiC revealed the highest specificity (86.98%) even more 

than WC (85.05%) (Table 4). 

 

4. Discussion 

We intended to study the association between several anthropometric indices with four 

definitions of MetS in a pediatric population. Our findings showed that frequently used 

anthropometric parameters have significantly higher values in MetS than in non-MetS. Only 

body frame size that determined with r index was higher in non-MetS individuals. We found 
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that often indexes used in this study showed a positive correlation with four different 

definitions which that adopted for children and adolescents except for r index. In general, hip 

circumference (HiC) and WHtR showed the largest AUC among the other indices in three 

definitions, only in DeFerranti et al. definition BMI and SR have larger AUC than HiC and 

WHtR.  

To date, it is known that abdominal obesity plays a significant role in metabolic diseases 

including metabolic syndrome, diabetes, and dyslipidemia. In recent MetS introduced as one 

of the major problems for health care especially in pediatrics, this problem has been 

interested in developing countries such as Iran which that have a lower prevalence of obesity 

among children [10]. In spite of the importance of pediatric MetS, there is no overall 

consensus and comprehensive definition. Often existed definitions adopted from adult 

definitions which that no considered physiological changes during growth and puberty in 

children and adolescent [4]. With increasing of the prevalence of obesity in pediatric age 

groups and relation of obesity with many metabolic and cardiovascular diseases, many 

investigators searching the new ways to identify who at risk of obesity-related disorder such 

as MetS. Some biochemical marker and anthropometric indexes maybe good indicator for 

MetS in pediatrics; but anthropometrics are cost-effective measures especially in population-

based studies.    

Previous research has shown that there is relationship between some anthropometric indexes 

and CVD risk factor among adults [11, 18], therefore due to limited studies and different age 

groups in investigations in children and adolescents, the correlation of anthropometric indices 

and risk factors of the MetS have been confusing. Variation in growth rate and fat distribution 

pattern among different population [23] resulted to development of some applicable and 

straightforward anthropometrics for the screening of at-risk individuals; instant BMI and WC 

have been shown that accurate measures for prediction of MetS in girls [9].   
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Wang et al. found that WC showed high AUC for predicting of MetS, and do not have a 

significant difference with both genders. Therefore in baseline all indexes play a substantial 

role in MetS diagnosis [11], in this case, WC also showed the highest AUC among studied 

indexes, but this study enrolled girls and further validation in boys is needed.  

Some research introduced WC as the best predictor of CVD risk factors such as MetS 

components [14], but in other studies, WC and waist circumference to stature ratio (WSR) 

were best indexes for CVD [24]. Among Iranian girls based on age groups, best predictors 

have been different. BMI and WSR; WC and WSR; and WC have been found as the best 

predictor in 6–9.9, 10–13.9 and 14–18-year-age groups respectively [10]. In the present study 

that covers almost nearby age group, WC and WHtR showed the best prediction for MetS; 

but there was no strong association between WSR and pediatric MetS in our population. 

These different results may arise from ethical and geographical differences between WC, HiC 

and height which that used to determine of WSR, or different in definitions have been used in 

two studies.      

Kelishadi et al. [10] have reported that WC and WHR showed the strongest and weakest 

association with the used definition of MetS. As well, among Sweden determined similar 

results [25]. Our findings showed that WC and WHtR are good predictors but WHR was one 

of the weakest indexes, so these findings could be confirmed two research that mentioned 

above.   

The odds of MetS increased with increasing BMI and WC among normal weight adolescents 

[1]. In adolescents, regardless of BMI, WC was also a strong predictor of insulin resistance 

[12, 13]. Studies among children of European, Turkish and Arab race determined that BMI 

was better predictor from WHR [15-17]. In present research also BMI was better WHR than 

in all different definitions have been used.  
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In the opinion of some researchers, WHtR may be a useful as sex and age-specific BMI 

percentiles to identify children with CVD risk factors [26]. In this study, BMI showed a 

better association with MetS than some anthropometrics such as WHR, WSR and stature ratio 

(SR) in all studied definition and WHtR observed more than better BMI. Freedman et al. 

concluded that there is no different between BMI and WHtR for recognizing of adolescents at 

risk of CVD [27], while in another study WHtR showed strong association with CVD risk 

factor more than BMI [24, 26]. ROC analysis indicated that WHtR and BMI mean values had 

the largest area under the curve for some CVD risk factors [28]. As well, WHtR was found as 

best predictor of metabolic risk in both genders [29], in another research, WHtR, WC and 

BMI were significant predictors for cardio-metabolic disorders such as diabetes and CVD 

[30], almost the same results observed in the present study and WC, WHtR, BMI and HiC 

showed the strongest association with MetS in pediatrics. However, BMI could not show fat 

distribution pattern and not capable for distinguished fat from muscle mass, while WHtR 

correlation with abdominal fat proved by imaging methods, so WHtR determined as fat 

distribution index and may be preferred to BMI.   

WrC has been showed association with cardio-metabolic risk factors but has significantly 

inverse with HDL-C, also among obese Italian children have been observed significant 

association between WrC and insulin levels or homeostasis model assessment of insulin 

resistance (HOMA-IR) [20]. We also found the associations of WrC with MetS in all four 

different criteria had been used; even in Cook et al. definition, WrC showed one of the largest 

AUC and highest sensitivity and specificity with MetS.  

It should be noted that the study population is only composed of schoolgirl children who 

cannot represent of the general population and functionality of studied indexes for diagnosis 

of pediatric MetS in boys is not clear with these data. In final, further study for determining 

of applicability of these indices is needed.  
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5. Conclusion  

MetS in children and adolescents is related to future risk of chronic diseases in adulthood. 

One the major risk factor for MetS is central obesity, which also is a major feature in T2D 

and CVD. In spite of important of pediatric MetS for health care and increasing prevalence of 

it among children and adolescent, there is no clear definition for it in pediatrics. One reason 

for this problem in pediatric MetS definition is the lack of standard measurement for growth 

and puberty. As well, neither of applied measures capable of determining fat distribution 

pattern as enough as suitable. Accordingly, some studies suggest a simple, low cost, 

reproducible and easily applied measure to the prediction of pediatric MetS including 

anthropometric indices.   

According to our findings, we concluded that WHtR and HiC might be useful for the 

diagnosis of MetS in this population as excessive indexes in addition to the standard criterion 

for central obesity such as WC or BMI; but further research needs to confirm these 

suggestions and prove the way of applying these indices in pediatric MetS definitions.    
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Table 1: means of several anthropometric indexes in four different MetS definition. 
Anthropometric 
indices 

MetS definitions 
IDF NCEPT-ATP III Cook et al  

 
De Ferranti et al 

Non-
MetS 

MetS p  Non-
MetS 

MetS p  Non-
MetS 

MetS p  Non-
MetS 

MetS p  

Age (yrs.) 14.57 ± 
0.49 

13.75 ± 
0.58 

0.042 14.58 ± 
.049 

14.12 ± 
.358 

0.145 14.58 ± 
.049 

13.79 ± 
.494 

0.055 14.58 ± 
0.05 

14.16 ± 
.276 

0.059 

Height (cm) 157.59 ± 
0.198 

161.75 ± 
1.64 

0.019 157.56 ± 
.2 

160.96 ± 
1.04 

0.005 157. 58 ± 
.199 

162.00 ± 
1.29 

0.006 157.61 ± 
.201 

158.33 ± 
.933 

0.401 

Weight (Kg) 52.58 ± 
0.374 

78.25 ± 
4.33 

0.0001 52.44 ± 
.368 

70.46 ± 
4.26 

0.0001 52.52 ± 
.367 

77.43 ± 
6.07 

0.0001 52.02 ± 
.358 

71.53 ± 
2.68 

0.0001 

WC (cm) 70.16 ± 8.8 90.75 ± 
10.4 

0.0001 70.04 ± 
8.6 

85.4 ± 
13.95 

0.0001 70.12 ± 
8.7 

90.9 ± 
14.5 

0.0001 69.7 ± 
8.3 

86.6 ± 
10.9 

0.0001 

WrC (cm) 15.12 ± 
0.036 

16.75 ± 
0.463 

0.0001 15.1 ± 
.036 

16.46 ± 
.366 

0.0001 15.11 ± 
.036 

17.00 ± 
.535 

0.000 15.08 ± 
.035 

16.4 ± 
.283 

0.0001 

HiC (cm) 91.57 ± 
0.291 

108.83 ± 
2.87 

0.0001 91.46 ± 
.248 

104.67 ± 
2.47 

0.0001 91.54 ± 
.289 

108.290 
± 3.42 

0.0001 91.16 ± 
.284 

105.21 ± 
1.61 

0.0001 

WHtR 0.33 ± .07 0.48 ± 
.10 

0.0001 0.33 ± 
.06 

0.43 ± 
.12 

0.0001 0.33 ± 
.06 

0.47 ± 
.13 

0.0001 0.33 ± 
.06 

0.45 ± 
.10 

0.0001 

r 10.47 ± .77 9.73 ± 
.89 

0.011 10.48 ± 
.76 

9.86 ± 
.88 

0.002 10.48 ± 
.76 

9.62 ± 
.94 

0.008 10.50 ± 
.73 

9.77 ± 
1.22 

0.0001 

WHR 0.76 ± .06 0.83 ± 
.04 

0.0001 0.76 ± 
.06 

0.81 ± 
.05 

0.001 0.76 ± 
.06 

0.84 ± 
.06 

0.0001 0.76 ± 
.06 

0.82 ± 
.04 

0.0001 

BMI 21.07 ± 
4.16 

30.1 ± 
6.92 

0.0001 21.03 ± 
4.1  

27.08 ± 
7.47 

0.0001 21.06 ± 
4.12 

29.41 ± 
8.2 

0.002 20.84 ± 
3.87 

28.47 ± 
6.47 

0.0001 

SR 0.58 ± 0.05 0.67 ± 
0.07 

0.001 0.58 ± 
0.05 

0.65 ± 
0.07 

0.0001 0.58 ± 
0.05 

0.66 ± 
0.07 

0.001 0.58 ± 
0.05 

0.66 ± 
0.06  

0.0001 

WSR 120.8 ± 
10.1 

134.74 ± 
8.4 

0.0001 120.7 ± 
10.1 

130. 85 ± 
10.06 

0.0001 120.75 ± 
10.9 

135.6 ± 
10.0 

0.0001 120.54 ± 
10.1 

130.15 ± 
9.02 

0.0001 

WC: Waist circumference; WrC: Wrist circumference; HiC: Hip circumference; WHtR: waist circumference to height ratio; r: Body frame size or wrist to 
height ratio; WHR: Waist to hip ratio; BMI: body mass index; WSR: Waist circumference to stature ratio and, SR: stature ratio (Hip to height ratio). All 
data computed by mean ± SD and p <0.05 have been considered as a significant level.  
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Table 2: the association of anthropometric data with the presence of MetS based on four 
common definitions used in children.  
Anthropometric 
indices 

MetS definitions** 
IDF NCEPT-ATP III Cook's   

 
De Ferranti's  

Age (yrs.) -.061 (.064) -0.045 (.155) -0.061 (.055) -0.056 (.079) 
Height (cm) 0.074 (.021) 0.085 (.008) 0.085 (.008) 0.024 (.46) 
Weight (Kg) 0.238 (.0001) 0.234 (.000) 0.249 (.0001) 0.336 (.0001) 
*WC (cm) 0.250 (.0001) 0.262 (.0001) 0.272 (.0001) 0.382 (.0001) 
WrC (cm) 0.158 (.0001) 0.184 (.0001) 0.197 (.0001) 0.237 (.0001) 
HiC (cm) 0.208 (.0001) 0.224 (.0001) 0.218 (.0001) 0.316 (.0001) 
WHtR 0.239 (.0001) 0.231 (.0001) 0.245 (.0001) 0.356 (.0001)  
r -0.106 (.001) -0.124 (.0001) -0.131 (.0001) -0.192 (.0001) 
WHR 0.119 (.0001) 0.117 (.0001) 0.136 (.0001) 0.190 (.0001) 
BMI 0.231 (.0001) 0.218 (.0001) 0.231 (.0001) 0.364 (.0001) 
SR 0.191 (.0001) 0.201 (.0001) 0.193 (.0001) 0.330 (.0001) 
WSR 0.140 (.0001) 0.143 (.0001) 0.161 (.0001) 0.180 (.0001) 
 
*WC identified and accepted as central obesity in many MetS criteria, and illustrated in this table for 
comparison of other indexes for standard ones. 
**Point-biserial correlation has been used for estimation of correlation coefficients between 
dichotomous and quantitative variables. 
WC: Waist circumference; WrC: Wrist circumference; HiC: Hip circumference; WHtR: waist 
circumference to height ratio; r: Body frame size or wrist to height ratio; WHR: Waist to hip ratio; 
BMI: body mass index; WSR: Waist circumference to stature ratio and, SR: stature ratio (Hip to 
height ratio). P <0.05 have been considered a significant level and showed in parenthesis. 

 

Table 3: the AUC of anthropometrics with MetS based four common definitions.   
Anthropometric 
indices 

MetS definitions  
IDF NCEPT-ATP III Cook et al  

 
De Ferranti et al 

*WC (cm) .952 (.937-.965) .848 (.765- .931) .924 (.856- .992)  .922 (.891- .953) 
WrC (cm) .823 (.797-.846) .763 (.667- .860) .891 (.785- .996) .783 (.713- .853) 
HiC (cm) .933 (.915-.948) .832 (.738- .926) .894 (.802- .986) .874 (.825- .922) 
WHtR .941 (.925-.955)  .808 (.702- .914)  .891 (.785- .996) .883 (.833- .932) 
r .737 (.632-841)  .707 (.606- .808) .764 (.662- .866) .782 (.708- .856) 
WHR .861 (.798- .924) .740 (.648- .831) .833 (.742- .924) .817 (.766- .869) 
BMI .927 (.893- .961) .800 (.696- .903) .880 (.781- .980) .889 (.843- .935) 
SR .899 (.858- 941) .815 (.726- .905) .869 (.789- .949) .886 (.843- .929) 
WSR .884 (.821- .947) .783 (.702- 863) .871 (.791- .951) .787 (.724- .849) 
 
AUC (CI 95%); WC: Waist circumference; WrC: Wrist circumference; HiC: Hip circumference; 
WHtR: waist circumference to height ratio; r: Body frame size or wrist to height ratio; WHR: Waist to 
hip ratio; BMI: body mass index; WSR: Waist circumference to stature ratio and, SR: stature ratio 
(Hip to height ratio). WC identified and accepted as central obesity in many MetS criteria, and 
illustrated in this table for comparison of other indexes for standard ones. 
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Table 4: ROC analysis for anthropometrics for different definitions of MetS 
Anthropometric 
indices 

MetS definitions 
IDF NCEPT-ATP III Cook's  

 
De Ferranti's  

 Sens. Spec.  Sens. Spec.  Sens. Spec.  Sens. Spec.  
*WC (cm) 100.00 87.11 75.00  87.58 92.86 87.18 93.02 85.05 
WrC (cm) 91.7 65.30 79.17 65.75 92.86 84.73 79.09 66.67 
HiC (cm) 100.00 85.20 79.17 85.76 92.86 85.28  76.74 86.98 
WHtR 100.00 84.66 70.83  84.99 92.86 84.73 86.05 80.47 
r 83.33 63.56 87.50 51.22 85.71 58.97 79.07 64.94 
WHR 83.33 81.28 79.17 61.34 85.71 72.71 79.07 74.24 
BMI 100.00 83.30 70.83 83.62 92.86 83.37 83.72 84.90 
SR 100.00 81.43 75.00 81.83 92.86 81.49 86.05 82.72 
WSR 91.67 82.65 83.33 60.06 85.71 82.72 67.44 79.57 
 
WC identified and accepted as central obesity in many MetS criteria, and illustrated in this table for 
comparison of other indexes for standard ones.  WC: Waist circumference; WrC: Wrist 
circumference; HiC: Hip circumference; WHtR: waist circumference to height ratio; r: Body frame 
size or wrist to height ratio; WHR: Waist to hip ratio; BMI: body mass index; WSR: Waist 
circumference to stature ratio and, SR: stature ratio (Hip to height ratio).  
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Fig. 1: ROC for some anthropometric indices for the four different definitions of MetS. AUC 
of anthropometrics illustrated for A: IDF, B: NCEP, C: Cook's and D: DeFerranti's 
definitions. WC used as an accepted measure in applied criteria, WHR as a marker for central 
obesity, WHtR, and HiC with high sensitivity and specificity in often used criteria in this 
study and r (body frame size) as a measure with negative correlation with criteria. r or body 
frame size: dark blue; HiC: yellow dash; WHR: dark green dash; WHtR: pale green dash and 
WC: red.    
 


