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Background. The prevalence of obesity and metabolic syndrome (MetS) is increasing, 
worldwide. Using a simple, efficient and reliable tool for predicting MetS is an essential approach in 
preventive health programs. The aim of this study was to compare the different anthropometric 
indices in predicting metabolic syndrome in older adults. 

Methods. This cross-sectional study is a part of the Amirkola Health and Ageing cohort 
Project (2011–2016). Of total, 1,488 older people aged 60–92 years were entered to the study. 
Medical and personal information of participants were collected by a questionnaire. After measuring 
the height, weight, waist circumference, hip circumference and neck circumference, body mass index, 
waist to hip ratio, waist to height ratio, abdominal volume index and conicity index were calculated. 
Independent t-test, chi-square and ROC curve were used to analyze the data. 

Results. Based on ATPIII-2005 diagnostic criteria, the prevalence of metabolic syndrome was 
71.57%.The prevalence in female was higher than male. All of examined anthropometric indices, 
except neck circumference (p = 0.10), showed a significant difference in people with MetS compared 
to the individuals without metabolic syndrome (p<0.001). Waist to height ratio showed the largest 
area under the curve for predicting MetS (0.786; 95% CI: 0.76–0.81) followed by BMI (0.746; 95% 
CI: 0.71–0.77), AVI (0.745; 95% CI: 0.71–0.77), and waist circumference (0.743; 95% CI: 0.71–0.77). 

Conclusion. Waist to height ratio was the best predictor of MetS in older adults.  
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INTRODUCTION 

The prevalence of overweight and obesity is 
rapidly increasing in developing and industrial 
countries [1, 2]. Unhealthy diet and physical inactivity 
have been presented as the main contributors to 
overweight and obesity [3]. Previous studies showed 
that overweight and obesity, total body fat, and 
central distribution of body fat are closely related 
to the risk of diabetes, hypertension, hyperlipidemia, 
and cardiovascular disease [4, 5].  

Metabolic syndrome (MetS) including visceral 
obesity, dyslipidemia, hyperglycemia, and hypertension 
has turned to one of the major challenges to public 
health, worldwide [6–8]. The syndrome was 
internationally defined for the first time in 1998 by 
the World Health Organization [9]. In 2001, Adult 
Treatment Panel III (ATPIII) released another definition 
for this syndrome based on the five measurable criteria 
(triglycerides, fasting plasma glucose, HDL, blood 
pressure, and waist circumference) [6].  

Although imaging procedures such as dual-
energy x-ray absorptiometry (DEXA), magnetic 
resonance imaging (MRI), and computed tomography 
(CT) scan are gold standard tools for assessing body 
fat [10, 11], they are not applicable in all situations 
and are much expensive. In epidemiologic and clinical 
studies, anthropometric indices such as body mass 
index (BMI), waist and neck circumferences, and 
similar measures are more valuable in practice than 
medical imaging because they are less time-
consuming and have low costs [12]. Currently, 
BMI is the most common measured index for the 
diagnosis of overweight and obesity [10, 13, 14]; 
however, it has some limitations. BMI provides no 
information about distribution of adipose tissue in 
organs, is affected by age, sex, education, etc., and 
cannot distinguish between fat and muscle [15]. 
Therefore, providing an alternative index for BMI 
without these limitations has been notified in recent 
years. Studies have shown that abdominal obesity 
that is assessed based on waist circumference can 
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play a crucial role in the development of metabolic 
diseases [16]. Waist circumference provides a better 
estimate of visceral fat and can be used as an 
alternative marker for abdominal fat mass [17]. 
Waist-to-height ratio is another index for measurement 
of obesity and is used to predict metabolic risks 
[14]. It was also reported that waist-to-hip ratio is 
more important in older people than BMI or waist 
circumference in predicting metabolic diseases [18, 
19]. Cardiometabolic risk varies in people with 
same waist circumference and different height and 
the index can modulate the effect of height [20]. 
Neck circumference has been reported to be more 
accurate than BMI, because a significant correlation 
exists between neck circumference and abdominal 
obesity. Several studies have shown that in 
comparison with BMI and waist circumference, 
neck circumference may be independently associated 
with metabolic risk factors [21, 22]. Conicity Index 
(CI) and Abdominal Volume Index (AVI) are also 
new indicators of abdominal obesity and seem to 
be good predictors for metabolic disorders [23].  

Although all these indicators can be used 
for assessment of obesity and metabolic diseases, 
the best way to predict metabolic diseases using 
anthropometric indices still remains controversial, 
because anthropometric indices are influenced by race, 
age, and gender; in addition to, body composition 
can be different in different populations and races. 
The aim of this study was to compare waist 
circumference, BMI, neck circumference, waist-to-
height ratio, and waist-to-hip ratio as well as CI 
and AVI as predictors of metabolic diseases in 
elderly individuals.  

MATERIALS AND METHODS 

This cross-sectional study came from the 
Amirkola Health and Ageing cohort Project 
(AHAP), 2011–2016 [24]. All 1616 elderly people 
(aged 60 years and above) living in Amirkola, 
north of Iran were invited to participate in the 
research. They were informed about this study 
through a public call, as well as information on 
mosques and public places, and informational 
posters distributed throughout the region. Older 
adults with advanced chronic diseases such as 
malignancy, dementia or disabilities that prevented 
them to follow medical examinations and laboratory 
tests related to the project have been excluded. 
Personal and medical information of the individuals 
including blood pressure, previously diagnosed 
diseases, and current medications were collected 

through direct interview and physical examination. 
Blood pressure was measured in the sitting position, 
taken on the right arm with the Omron M6 digital 
sphygmomanometer. Anthropometric parameters 
including waist, neck, and hip circumference, weight 
and height were measured. The persons’ weight 
was carefully measured without shoes with an 
accuracy of 0.1 kg and height in a standing position 
with an accuracy of 0.1 cm. Body mass index 
(BMI) was calculated as weight (kg)/Height2 (m), 
and the individuals were divided into underweight, 
normal, overweight, and obese categories based on 
BMIs of <18.5, 18.5–24.9, 25–29.9, and >30 kg/m2, 
respectively [25].  

Waist circumference (WC) was measured in 
an area between the lowest rib and the iliac crest, in 
upper third and hip circumference (HC) in the most 
prominent point of the hip. These measurements 
were performed for two times, if the difference 
was less than 1 cm, mean of the two measures was 
recorded and if the difference was more than 1 cm, 
both measurements were repeated [15]. The waist-to-
hip ratio (WHR) was calculated as WC (cm)/HC (cm) 
and waist-to-height ratio (WHtR) as WC (cm)/ 
height (cm). Conicity Index and Abdominal Volume 
Index were calculated from the relationship of 
waist circumference with height and weight and 
the relationship of waist and hip circumferences 
according to the following formulas, respectively, 
CI  =  WC/ [0/1093 sqrt (weight/height)] and AVI 
was calculated as [2 cm × (waist circumference)2 + 
0.7 cm × (waist–hip circumference)2]/1000 [26]. 
Fasting plasma glucose, triglycerides, cholesterol, 
HDL, and LDL were measured through a standard 
method using Pars Azmoon laboratory kits. 

Metabolic syndrome was defined based on 
the ATPIII-2005 diagnostic criteria. Raised serum 
triglyceride (≥ 150 mg/dl), reduced HDL cholesterol 
(< 40 mg/dl in male and < 50 mg/dl in female), and 
raised blood pressure (systolic BP ≥ 130 and/or 
diastolic BP ≥ 85 mm Hg) in addition to central 
obesity and previously diagnosed type 2 diabetes or 
raised fasting plasma glucose (FPG) ≥ 100 mg/dL, 
and waist circumference: Male ≥ 102 cm, Female ≥ 
88 cm has been considered for MetS definition [6]. 
A detailed description of the baseline characteristics 
of the research population and prevalence of MetS 
components in older adults has been reported in a 
previous study [6].  

This research has been approved by the Research 
Committee of Babol University of Medical Sciences 
on Feb 9, 2016 as registration code 9441623.  
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Statistical analysis. Data was analyzed using 
SPSS-18 package. Receiver operating characteristic 
(ROC) curve and area under the curve (AUC) were 
used to determine the value of anthropometric indices 
for predicting metabolic syndrome. The area under 
the curve was reported with 95% confidence interval 
to compare ROC curves of different anthropometric 
indices. T-test was used to compare different values 
in people with and without metabolic syndrome. 
The significance level for all tests was considered 
as p < 0.05.  

RESULTS 

A total of 1488 elderly people with a mean 
age of 69.7 ± 7.30 years (range of 60–92 years) 
were included in this study; of whom 826 were 
male (55.51%) and 662 were female (44.48%); and 
128 individuals were excluded. Based on the criteria 
of ATPIII-2005, the MetS was present in 1065 
(71.57%) of the participants and absent in 423 
(28.42%). Anthropometric indices of the study 
population based on gender and MetS are shown in 
Table 1. The mean age of people with MetS was 
significantly lower than people without it (p < 0.001), 
this difference was seen in both sexes.  

The mean BMI, waist circumference, hip 
circumference, waist-to-hip ratio, waist-to-height 
ratio, AVI, and CI were higher in participants with 
MetS than others, and this difference was significant 
in both sexes (p < 0.001). There was no difference 
between elderly people with and without MetS in 
terms of mean neck circumference (p = 0.10). 

ROC curve and AUC for various anthropometric 
indicators in predicting of MetS are shown in 
Figure 1 and Table 2. In men and women, the highest 
area under the curve was related to waist circumference 
followed by AVI and waist-to-height ratio, respectively. 
All anthropometric indices in women had a higher 
AUC than the men. The highest AUC in total 
population was related to waist-to-height ratio 
(0.786; 95% CI: 0.76–0.81) followed by BMI (0.746; 
95% CI: 0.71–0.77), AVI (0.745; 95% CI: 0.71–0.77), 
and waist circumference (0.743; 95% CI: 0.71–0.77). 

DISCUSSION 

This study showed that metabolic syndrome 
had a prevalence of about 71.6% in older people, 
based on the ATPIII criteria; furthermore, another 
research related to the same cohort project of AHAP 
in which the prevalence of MetS and its components 

among elderly population of Amirkola has been 
reported based on the four diagnostic criteria 
including ATP III-2005, ATP III-2001, International 
Diabetes Federation (IDF) and Iranian definitions 
revealed that 57.4% of males and 89.8% of females 
in this region had MetS [6]. These values are 
higher than other studies such as prevalence of 
32.5% in Marbou et al. research in Cameroon 
conducted on adult population aged 20 and over 
[27]; and Sigit et al. research in which 39.0% of 
study population – individuals aged 45–65 years – 
in Indonesia and 29.2% of Dutch population in the 
Netherland had MetS [7]. In Ben-Yacov’s study on 
adults aged 18–69 years in rural Uganda, the prevalence 
of MetS was reported 19.1% [8]. A systematic 
review and meta-analysis in Iran revealed that 
according to the International Diabetes Federation 
and World Health Organization diagnostic criteria, 
the prevalence of MetS were 38% (95% CI: 32–43) 
and 30% (95% CI: 7–53), respectively [28]. This 
difference can be due to a difference in demographic, 
socioeconomic, lifestyle behaviors including nutritional 
pattern and physical activity, and difference in 
prevalence of cardiometabolic risk factors such as 
hypertension, hyperlipidemia, and diabetes in various 
regions. Furthermore, different diagnostic criteria 
might be used in different studies [29]. 

Neck circumference has not showed a 
significant difference between older adults who 
had MetS in comparison with those who did not 
have MetS. Ataie-Jafari in a systematic review and 
meta-analysis demonstrated a significant association 
between NC and other cardiometabolic risk factors; 
and pointed to a research in which an odds ratio of 
11.53 and 7.69 for high NC in prediction of MetS 
presence in elderly men and women has been 
reported [21]. Baena et al. study on people aged 
35–74 years concluded that NC was significantly and 
independently associated with adverse cardiometabolic 
risk factors in adult men and women and also 
represented optimal values for identifying those 
individuals who might have a combination of two 
or three of the cardiometabolic risk factors including 
insulin resistance, low HDL, elevated blood pressure, 
and high triglycerides [22]. Considering a different 
distribution of MetS between men and women and 
difference in anthropometric measures between  
the two sexes, it seems that in this research in 
association between neck circumference and metabolic 
syndrome, the gender might act as a confounding 
factor; resulted in non-significant difference in 
total population. 
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Table 1 

Anthropometric indices of older adults based on gender and metabolic syndrome 

Male Female Total 

Variables M.S + 
Mean ± SD 
(n = 470) 

M.S – 
Mean ± SD 
(n = 356) 

P 
M.S + 

Mean ± SD 
(n = 595) 

M.S – 
Mean ± SD

(n = 67) 
p 

M.S + 
Mean ± SD 
(n = 1065) 

M.S – 
Mean ± SD
(n = 423) 

P 

Age 68.9 ± 7.2 70.5 ± 7.8 <0.001 68.2 ± 6.7 68.7 ± 7.8 <0.001 68.5 ± 6.9 70.3 ± 7.9 <0.001 
Weight (Kg) 72.4 ± 11.7 64.1 ± 10.3 <0.001 66.32 ± 11.4 55.1 ± 11.3 <0.001 69.02 ± 11.9 62.7 ± 11 <0.001 
Height (cm) 162.8 ± 6.8 162.1 ± 6.7 0.13 151.4 ± 6.1 149.1 ± 5.5 <0.001 156.4 ± 6.3 160 ± 8.0 <0.001 

BMI (kg/m2) 27.2 ± 3.7 24.3 ± 3.4 <0.001 28.89 ± 4.5 24.7 ± 4.6 <0.001 28.1 ± 4.2 24.4 ± 3.6 <0.001 
WC (cm) 98.3 ± 9.35 90.2 ± 9.03 <0.001 97.72 ± 9.8 84.7 ± 9.3 <0.001 98.01 ± 9.6 89.3 ± 9.2 <0.001 
HC (cm) 101.7 ± 7.39 97.29 ± 7.08 <0.001 106.2 ± 9.5 97.1 ± 9 <0.001 104.2 ± 8.9 97.2 ± 7.4 <0.001 
NC (cm) 39.7 ± 2.8 37.8 ± 2.5 <0.001 35.63 ± 2.7 33.3 ± 2.7 <0.001 37.47 ± 3.4 37.17 ± 3 0.10 

WHR 0.96 ± 0.05 0.92 ± 0.05 <0.001 0.9 ± 0.06 0.8 ± 0.06 <0.001 0.94 ± 0.06 0.91 ± 0.06 <0.001 
WHtR 0.6 ± 0.05 0.5 ± 0.05 <0.001 0.6 ± 0.06 0.5 ± 0.06 <0.001 0.6 ± 0.06 0.5 ± 0.05 <0.001 
AVI 19.5 ± 3.6 16.4 ± 3.1 <0.001 19.3 ± 3.8 14.6 ± 3.2 <0.001 19.4 ± 3.7 16.2 ± 3.2 <0.001 
CI 1.35 ± 0.07 1.31 ± 0.07 <0.001 1.3 ± 0.8 1.2 ± 0.9 <0.001 1.35 ± 0.07 1.31 ± 0.08 <0.001 

MetS+: with Metabolic Syndrome; MetS-: without Metabolic Syndrome; BMI: Body Mass Index; WC: Waist Circumference; HP: 
Hip Circumference; NC: Neck Circumference, WHR: Waist to Hip Ratio, WHtR: Waist to Height Ratio; AVI: Abdominal Volume 
Index; CI: Conicity Index. 

 

             
 

 
BMI: Body Mass Index; WC: Waist Circumference; HP: Hip Circumference; NC: Neck Circumference, WHR: Waist to Hip Ratio, 
WHtR: Waist to Height Ratio; AVI: Abdominal Volume Index; CI: Conicity Index. 

Figure 1. The ROC curve and the AUC of different anthropometric indices for predicting of metabolic syndrome  
in older adults in two sexes. 
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Table 2 

Area under the curve for the value of anthropometric indices in predicting of metabolic syndrome in older adults divided in two sexes 

Total Female Male 

P-value AUC (95% CI) P-value AUC (95% CI) P-value AUC (95% CI) 
Variables 

0.001 0.746 (0.71–0.77) 0.001 0.740 (0.67–0.80)  0.001 0.715 (0.68–0.75)  BMI (kg/m2) 

0.001 0.743 (0.71–0.77) 0.001 0.837 (0.78–0.89)  0.001 0.740 (0.70–0.77)  WC (cm) 

0.418 0.513 (0.48–0.54) 0.001 0.739 (0.67–0.80)  0.001 0.692 (0.65–0.72)  NC (cm) 

0.001 0.602 (0.57–0.63) 0.001 0.715 (0.64–0.78)  0.001 0.698 (0.66–0.73)  WHR 

0.001 0.786 (0.76–0.81) 0.001 0.805 (0.74–0.86)  0.001 0.725 (0.69–0.75)  WHtR 

0.001 0.745 (0.71–0.77) 0.001 0.837 (0.78–0.89)  0.001 0.739 (0.70–0.77)  AVI 

0.001 0.658 (0.62–0.68) 0.001 0.725 (0.68–0.80)  0.001 0.652 (0.61–0.69)  CI 

BMI: Body Mass Index; WC: Waist Circumference; HP: Hip Circumference; NC: Neck Circumference, WHR: Waist to Hip Ratio, 

WHtR: Waist to Height Ratio; AVI: Abdominal Volume Index; CI: Conicity Index. 

 
In the present research, WHtR, BMI, AVI, 

and WC had the highest value to predict MetS, 
respectively. In Quaye et al. study BMI had the 

largest AUC for MetS [0.85 (0.79–0.91)]; and BMI 

and WC showed similar AUCs in predicting the 
presence of a cluster of two or more non-WC 

components for MetS [30]. In Zhang et al. research, 
the AUC values belonged to WHtR were 0.872 in 

Kazakh males and 0.804 in Kazakh females [31], 
which were higher than those (0.725 for men and 

0.805 for women) observed in our study. Taking 
height into account, WHtR may be a better predictor 

of cardiometabolic risk and may more accurately 
reflect the MetS and MetS components. In Obeidat’s 

study, AUC for waist circumference in men was 
reported 0.851, however, AUC for WHtR was 

0.85, and AUC for BMI was 0.83. In women, AUC 
for WC, WHtR, and BMI were 0.866, 0.872, and 

0.831, respectively; and concluded that both WHtR 
and WC had the strongest predictive power for 

identifying individuals with MetS in both sexes. In 

addition to, WHtR has been reported to be the best 
indicator of central obesity in women and individuals 

of short stature [18].  
In our study, Abdominal Volume Index showed 

a high AUC for predicting MetS. Quaye showed a 
better performance of AVI and CI compared to 

BMI in prediction of MetS and its components in 
females [30]. Suliga et al. evaluated correlation of 

six anthropometric indices to predict MetS risk in 
Polish adults aged 37–66 years; and resulted that 

WHtR and Clinica Universidad de Navarra-body 
adiposity estimator in males and WHtR and body 

roundness index in females had the highest odds 

ratios for occurrence of MetS [32].  

The prediction of cardiometabolic risk in older 

men or women is essential for selecting candidates 

requiring early preventive strategies [33]. Considering 

this proposition that the cardiometabolic consequences 

of obesity are less associated with overall adiposity 

than visceral adiposity, those measures of adiposity 

which reflect body fat distribution [30], seem to be 

more valuable. 

The most strength point of this study is 

selecting a large sample of older adults aged 60 

and over and assessment the value of seven 

anthropometric parameters (BMI, WC, NC, WHR, 

WHtR, AVI and CI) to identify the occurrence of 

metabolic syndrome in this population. For limitation 

of this research we can mention to the study design 

that did not allow us to examine the long-term 

value of anthropometric parameters for predicting 

metabolic syndrome. In addition to, considering 

the specificity of study population, the results may 

be not applicable to other age groups or races.  

CONCLUSION 

This study showed that waist-to-height ratio 

had a better diagnostic value for metabolic syndrome 

in older adults, followed by BMI, AVI, waist-to-

hip ratio, and neck circumference. However, for 

further certainty, several other studies in different 

age groups are necessary. 

 

 

Introducere. Prevalența obezității și a sindromului metabolic (MetS) este în 
creștere. Programele de prevenție au nevoie de o metodă simplă și eficientă pentru 
a prezice MetS. Scopul studiului a fost de a compara diferiți indici antropometrici 
pentru a putea prezice MetS la adulți. 

Materiale și metode. A fost realizat un studiu transversal parte din Cohorta 
Amirkola Health and Ageing Project (2011–2016). 1 488 de pacienți vârstnici 
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(60–92 ani) au fost înrolați. Datele au fost colectate folosind un chestionar. Au fost 
măsurate înălțimea, greutatea, circumferința taliei, circumferința şoldului, a gâtului, 
indicele de masă corporală, raportul talie/înălțime, indexul volumului abdominal 
(AVI), indexul de conicitate. Testul t-Student și curba ROC au fost utilizate pentru 
analiza datelor.  

Rezultate. Bazându-ne pe criteriile ATPIII-2005 prevalența MetS a fost de 
71,57%. Prevalența la femei a fost mai mare decât la bărbați. Toți parametrii 
antropometrici au fost mai mari la pacienții cu MetS, mai puțin circumferința 
gâtului. Aria de sub curba ROC pentru raportul talie/înălțime a fost cel mai bun 
pentru prezicerea MetS (0,786; 95% CI: 0,76–0,81), urmat de BMI (0,746; 95% 
CI: 0,71–0,77), AVI (0,745; 95% CI: 0,71–0,77) și circumferința taliei (0,743; 
95% CI: 0,71–0,77). 

Concluzii. Raportul talie/înălțime a fost cel mai bun pentru prezicerea MetS 
la pacienții vârstnici. 
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