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Abstract. Background and aim: Metabolic syndrome is present in 7% of adolescents and 19 to 35% in obese 
adolescents, and the cause of this condition has not been fully understood. Early identification of the risk 
involved could be an initial step in preventing a metabolic syndrome. Increased waist circumference, which 
is a parameter of central obesity, is also risk factor for this condition. This study aims to determine the pos-
sibility cut-off value of waist-to-hip (WHR) as a predictor of metabolic syndrome. Methods: We studied 208 
obese adolescents between the ages of 13 to 18 years from junior and senior high schools who living in rural 
dan urban areas in East Java. These obese adolescents were divided into two groups, namely with and without 
a metabolic syndrome. Anthropometric measurements, including waist-to-hip ratio (WHR), were carried 
out to analyze the cut-off values between the two groups. Results: 208 obese adolescents (51.4% males and 
48.6% females) without the metabolic syndrome and 104 obese adolescents with metabolic syndrome were 
evaluated. There was a significant relationship between WHR and metabolic syndrome in obese adolescents 
(r = 0.203, P = 0.003). Those adolescents with a high WHR value > 0.891 had twice risk to develop meta-
bolic syndrome compared to those with lower (OR 2.033; 95% CI = 1.165-3.545). Conclusions: Increased  
waist-to-hip ratio > 0.89 in adolescents was associated with higher risk to develop metabolic syndrome and 
can be proposed as a predictor for metabolic syndrome in obese adolescents. (www.actabiomedica.it)
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Introduction

Metabolic syndrome (MetS), also known as “Insulin 
Resistance Syndrome” or “Syndrome X”, has an increas-
ing prevalence in children and adolescents. The cause of 
this condition has not been fully understood (1). There-
fore, early identification of MetS risk factors and adopt-
ing suitable preventive measures is an essential step in 
preventing its occurrence (2,3). One of the components 
of MetS is central obesity, which can be measured using 
various anthropometric parameters, such as waist and hip 
circumferences, and waist-hip ratio (WHR). Further-
more, the periodic measurement of these parameters can 
be used for early identification of MetS (4). The cut-off 
value of WHR can be used as a predicting indicator of 

metabolic syndrome in obese children (5). However, this 
value varies among different countries (6). This study aims 
to determine the cut-off value of WHR as a predictor of 
metabolic syndrome in obese adolescents in Indonesia.

Materials and methods

Study population and design

This is an observational case-control study per-
formed between January to May 2020 on obese ado-
lescents with and without the metabolic syndrome. 
The cut-off value that discriminates those with versus 
those wthout the metabolic syndrome was searched.
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The correlation of WHR with the metabolic syn-
drome in all obese adolescents aged 13 to 18 years in Sura-
baya and Sidoarjo was measured. This study was approved 
by the Ethical Committee of the Faculty of Medicine, 
Airlangga University (No. 65/EC/KEPK/FKUA/2020).

Diagnosis of obesity and metabolic syndrome

Obesity was diagnosed based on the CDC 2000 
criteria and body mass index (BMI) for age and gen-
der above the 95th percentile. The metabolic syndrome 
was diagnosed based on the IDF criteria for diagnos-
ing this condition in children and adolescents.

Physical and laboratory examination

Body weight was measured using a digital weight 
scale (Seca, Germany No ref. 224 1714009) with a pre-
cision of 0.1kg. The subjects were standing barefoot and 
putting on thin clothes during the measurement. Fur-
thermore, the heights were measured using stadiometers 
(Seca, Germany No ref. 224 1714009), with an accu-
racy of 0.1cm. The stadiometer was used to measure the 
height from heel to vertex and the results were presented 
in ‘meter’. Waist circumference was measured midway 
between the lowest rib and the iliac crest at the end of ex-
piration. The measurements were made on the skin and 
recorded to the nearest 0.1cm. Furthermore, the waist-
hip ratio (WHR) was calculated using the Bjorntorp 
formula (7). The subjects had fasted for 12 hours before 
the blood samples were taken. Fasting blood sample was 
collected for measuring triglyceride, HDL, and blood 
glucose levels. The blood samples were centrifuged and 
the serum was stored at -70° C for further analysis.

Data analysis

The correlation between waist-to-hip ratio and 
metabolic syndrome in obese adolescents was analyzed 
using the Mann-Whitney comparative test. The cut-
off value of WHR was based on the receiver operating 
characteristic (ROC). The correlation between WHR 
(WHR>0.891 vs. WHR<0.891) with the compo-
nent of metabolic syndrome (central obesity, low level 
HDL-c, hypertriglyceridemia, hyperglyceridaemia, 
and hypertension) was calculated with chi square test.

Results

An examination was conducted on adolescents 
with obesity in junior and senior high schools in Sura-
baya and Sidoarjo. The characteristics of the subjects 
are listed in the table below (Table 1).

The Mann-Whitney test was used to show the 
correlation between WHR and metabolic syndrome in 
obese adolescents with a P-value of 0.003 (95% CI = 
0.689-1.071). There was a significant correlation be-
tween WHR and metabolic syndrome in obese ado-
lescents as seen in Table 2. The backward multivariate 
regression analysis showed that the WHR was the most 
influential parameter on metabolic syndrome compared 
to other central obesity parameters, such as waist and hip 
circumference. Based on table 2, waist circumference has 
stronger correlation with metabolic syndrome compared 
to WHR (r = 0.296 vs. 0.203 respectively, P: < 0.05).

A diagnostic power test of the WHR for metabolic 
syndrome in obese adolescents was performed using 
ROC to determine the cut-off value (Figure 1). The cut-
off value of WHR 0.891 on the ROC curve showed a 
sensitivity value of 63.72% and a specificity of 52.99%. 
The analysis showed that adolescents with WHR > 0.891 
would be x 2.033 times higher risk to develop metabolic 
syndrome than a low WHR (< 0.891). Furthermore, a 
chi-square analysis was performed based on the mean 
waist-to-hip ratio of 0.891 for the components of the 
metabolic syndrome, including decreased HDL-c, in-
creased triglyceride, and increased fasting blood sugar lev-
els, and increased blood pressure. A high WHR (> 0.891) 
had a significant correlation with increased blood pres-
sure in obese adolescents, (P: 0.027). It was found that 
in obese adolescents with WHR > 0.891, the WHR was 
not correlated with the other components of metabolic 
syndrome (increased triglycerides, decreased in HDL-c, 
and increased fasting blood sugar levels (P: >0.05).

Discussion

Gender is one of the factors that play a major role 
in adolescents suffering from metabolic syndrome. 
The metabolic syndrome was more common in obese 
male adolescents compared to females. Similar re-
sults were also obtained from studies in Malaysia (8) 
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Table 1. Demographic characteristics, biochemical and diagnostic parameters.

Characteristic
Metabolic syndrome

+ SD Non metabolic syndrome
Total

(n=208) P

Sex

 Male, n (%) 64 37 101 (48.5%) <0.00011

 Female, n (%) 40 67 107 (51.4%)

Age, month 181.13 + 18.96 179.23 + 18.98 180.18 + 18.95 0.4702

 ≤ 16 years 80 80 160 (76.9%) 0.5651

 > 16 years 24 24 48 (23.1%)

Triglyceride level 150.70 + 68.27 92.21 + 47.87 121.46 + 65.72 <0.00012

 ≥ 150 mg/dl 70 20 90 (43.3%) <0.00011

 < 150 mg/dl 34 84 118 (56.7%)

HDL level 38.72 + 6.79 45.74 + 7.29 42.23 + 7.86 <0.00012

 < 40 mg/dl 98 60 158 (75.9%) <0.00011

 ≥ 40 mg/dl 6 44 50 (24.1%)

Fasting glucose level 86.74 + 9.42 87.31 + 19.46 87.02 + 15.26 0.7892

 ≥ 100 mg/dl 18 4 22 (10.5%) <0.00011

 < 100 mg/dl 86 100 186 (89.5%)

Systolic blood pressure 130.87 + 11.44 119.52 + 12.50 125.19 + 13.24 <0.00012

Diastolic blood pressure 87.11 + 9.65 78.65 + 8.47 82.88 + 9.998 <0.00012

 ≥ 130/85 mmHg 72 21 93 (44.7%) <0.00011

 < 130/85 mmHg 32 83 115 (55.3%)

1Fischer’s exact test; 2Independent sample T-test; Significant of P: <0.05

Table 2. Regression analysis of central obesity parameters in correlation to the metabolic syndrome in adolescents with obesity.

Variable r P OR

Waist circumference 0.296 0.001 0.8251

Hip circumference 0.181 0.014 1.2381

WHR 0.203 0.003 1.2481

Hip circumference 0.181 0.014 1.0451

WHR 0.203 0.003 762.1152

1bivariate regression analysis; 2multivariat regression analysis. Significant of P: <0.05

and Norway (9) which showed that male adolescents 
had a greater prevalence of metabolic syndrome. 
This relationship was not significant for ages above 
18 years (10).

The different components of the metabolic syn-
drome had variable prevalence in our obese ado-
lescents. A decrease in HDL levels was detected in 
(75.9%), while an increase in blood pressure occured 

in (44.7%). Similar results were reported from a study 
in Virginia on 78 children aged 3 to18 years with obe-
sity. In their study, high blood pressure was the most 
prevalent component , followed by a decrease in HDL 
levels (11).

This study documented a significant correlation 
between WHR and metabolic syndrome in obese ado-
lescents. Similarly, a cross-sectional studies conducted 
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on 2064 children and adolescents aged 6 to18 years 
showed that WHR has the weakest association with 
metabolic syndrome when compared to other param-
eters such as WC, and BMI (15).

Currently, there is no consensus of the best cut-off 
value for WHR to the risk of metabolic syndrome in 
obese adolescents. The cut-off value of WHR 0.891 
on the ROC curve showed a sensitivity value of 47.1% 
and a specificity of 35.6% in relation to metabolic syn-
drome, which was in contrast with this result.

A study involving 958 adolescents in Brazil 
showed a limiting WHR value of 0.87 on the ROC 
curve with an AUC of 0.43 and suggested that a WHR 
value of 0.87 can be used as a predictor of metabolic 
syndrome in adolescents (sensitivity value of 46.1% 
and a specificity of 51.2%) (2). A study from Spain on 
1001 adolescents (median age of 13 years) suggested 
a cut-off value of WHR - 0.89 to be a good predic-
tor of metabolic syndrome (14). Other studies in Asia 
propose a mean value of 0.8 to indicates higher risk of 
metabolic disorders.

There was a decrease on WHR value at the age 
of 9 to 15 years, and then stagnant (flat) at the age of 
16, which was occurred on males and females in this 
study. A large cohort cross-sectional study involving 
21,111 children aged 8 to 15 years, it was found that 
the WHR curve declined and then came to a plateau 
at the age of 15 years (16). In addition, the cut-off 
value associated with the metabolic syndrome also de-
creased above 15 years of age with a value of 0.84 in 
females and 0.91 in males representing the 95th per-
centile (17).

To our knowledge, no previous research in Indo-
nesia has searched the WHR cut-off value associated 
with the metabolic syndrome in adolescents. How-
ever, Istiqomah et al. (18) analyzed the WHR cut-off 
value associated with hypertension, a component of 
the metabolic syndrome, in a large cohort (n = 325) 
and suggested that WHR > 0.94 could be used for 
screening hypertension in children, (AUC value of 
0.724 (95% CI 0.672-0.72; P<0.001). In their study, 
the WHR value > 0.94 had a sensitivity of 59.6% and 
a specificity of 77.0% (18). In our study whereby the 
high WHR (> 0.891) had a significant correlation to 
the occurrence of increased blood pressure (a compo-
nent of the metabolic syndrome), in obese adolescents 

in Brazil (109 children), Turkey (1194 children, 
mean age: 9 years), and USA (764 children, aged 5 to 
12  years) found significant relationship between the 
waist-hip ratio and the metabolic syndrome in obese 
children (2). Another study showed that WHR had a 
significant relationship with components of the meta-
bolic syndrome in obese children (2,12,13). Further-
more, Moore et al. (13), retrospectively showed that 
the waist-to-hip ratio was associated with the occur-
rence of metabolic syndrome.

Central obesity has also been associated with the 
risk of metabolic syndrome in children along with 
other variables such as waist (WC) and hip circumfer-
ence (HC), and waist-to-hip ratio (WHR). Further-
more, according to the multivariate regression analysis, 
the most influential variable in obese adolescents is the 
waist-to-hip ratio. A study in Spain involving 1001 
adolescents with an average age of 13.1 years also 
showed that WHR was the best predictor of this con-
dition compared to WC and BMI. Furthermore, a 
cross-sectional study that was conducted in 18 second-
ary schools showed that WHR had the highest predic-
tive value compared to WC and BMI (14). The results 
of a retrospective study in Iran which was conducted 

Figure 1. ROC curve for the value of WHR as a predictor of 
metabolic syndrome.



Acta Biomed 2023; Vol. 94, N. 3: e2023076 5

4.	Vincent J, Mohn A. Early diagnosis of metabolic syndrome 
in children. Lancet Child Adolesc Heal. 2017 Oct;1(2):86–
8. doi: 10.1016/S2352-4642(17)30043-3.

5.	Mushtaq MU, Gull S, Abdullah HM, Shahid U, Shad MA, 
Akram J. Waist circumference, waist-hip ratio and waist-
height ratio percentiles and central obesity among Paki-
stani children aged five to twelve years. BMC Pediatr. 2011 
Nov 21;11:105. doi: 10.1186/1471-2431-11-105.

6.	Pacheco LS, Blanco E, Burrows R, Reyes M, Lozoff B, 
Gahagan S. Early onset obesity and risk of metabolic syn-
drome among Chilean adolescents. Prev Chronic Dis. 2017 
Oct 12;14:E93. doi: 10.5888/pcd14.170132.

7.	Skruze G, Kažoka D. Use of waist to hip ratio in the deter-
mination of the body composition in preschool children in 
Latvian population. Pap Anthropol. 2017 Sept;26(2):126. 
doi:10.12697/poa.2017.26.2.13.

8.	Fadzlina AA, Harun F, Nurul Haniza MY, et al. Metabolic 
syndrome among 13 year old adolescents: Prevalence and 
risk factors. BMC Public Health. 2014;14(Suppl 3):S7. doi: 
10.1186/1471-2458-14-S3-S7.

9.	Barstad LH, Júlíusson PB, Johnson LK, Hertel JK, Lekhal 
S, Hjelmesμth J. Gender-related difference.s in cardio-
metabolic risk factors and lifestyle behaviors in treatment-
seeking adolescents with severe obesity. BMC Pediatr. 2018 
Feb;18(1):61. doi: 10.1186/s12887-018-1057-3

10.	Wittcopp C, Conroy R. Metabolic syndrome in children 
and adolescents. Pediatr. 2016 May;37(5):193–202. doi: 
10.1542/pir.2014-0095.

11.	Co J, Jeffrey J, Emmett M, Modak A, Sondike SB. Obe-
sity, Hypertension and Metabolic Syndrome in Children in 
West Virginia. W V Med J. 2015 Jul-Aug;111(4):20-2, 24. 
PMID: 26242028.

12.	Agirbasli M, Agaoglu NB, Ergonul O, et al. Comparison 
of anthropometric indices in predicting metabolic syndrome 
components in children. Metab Syndr Relat Disord. 2011 
Dec;9(6):453-9. doi: 10.1089/met.2011.0018.

13.	Moore LM, Fals AM, Jennelle PJ, Green JF, Pepe J, Richard 
T. Analysis of Pediatric Waist to Hip Ratio Relationship to 
Metabolic Syndrome Markers. J Pediatr Health Care. 2015 
Jul-Aug;29(4):319-24. doi: 10.1016/j​.pedhc.2014.12.003.

14.	Perona JS, Schmidt-RioValle J, Rueda-Medina B, Correa-
Rodríguez M, González-Jiménez E. Waist circumference shows 
the highest predictive value for metabolic syndrome, and waist-
to-hip ratio for its components, in Spanish adolescents. Nutr 
Res. 2017 Sep;45:38-45. doi: 10.1016/j​.nutres.2017.06.007.

15.	Hashemipour M, Soghrati M, Malek Ahmadi M, Soghrati 
M. Anthropometric indices associated with dyslipidemia in 
obese children and adolescents: a retrospective study in is-
fahan. ARYA Atheroscler. 2011 Spring;7(1):31-9. PMID: 
22577442; PMCID: PMC3347839

16.	Kelishadi R, Gouya MM, Ardalan G, et al. First reference 
curves of waist and hip circumferences in an Asian popu-
lation of youths: CASPIAN study. J Trop Pediatr. 2007 
Jun;53(3):158-64. doi: 10.1093/tropej/fml090.

17.	Mederico M, Paoli M, Zerpa Y, et al. Valores de referencia de 
la circunferencia de la cintura e índice de la cintura/cadera en 

with a P: <0.05. In support to our findings, Widjaja 
et al. (19) studied 59 Indonesian obese adolescents and 
reported a significant correlation between WHR and 
insulin resistance, another component of the metabolic 
syndrome (p value 0.008 and r value 0.343).

Conclussion

The waist-to-hip ratio significantly correlated 
with the occurrence of metabolic syndrome in obese 
adolescents compared to the other central obesity pa-
rameters. Therefore, the WHR values of more than 
0.891 can be used as a predictor of metabolic syn-
drome in obese adolescents.

Acknowledgements: The authors are grateful to the 12 high schools 
in Surabaya and Sidoarjo that volunteered to become respondents. 
We also express our gratitude to all headmasters and counselling 
teachers for bringing together the respondents along with their par-
ents before and during the data collection. The authors disclosed 
receipt of the following financial support for the research, and/or 
publication of this article.

Conflict of Interest: The authors declare that he or she has no com-
mercial associations that might pose a conflict of interest in connec-
tion with the submitted article

Author Contributions: Conceptualization: Nur Aisiyah Widjaja; 
methodology: Roedi Irawan; data curation: Rizka Arifani; writing—
original draft preparation: Nur Aisiyah Widjaja; writing—review 
and editing: Roedi Irawan; All authors have read and agreed to the 
published version of the manuscript.

References

1.	Singh N, Scmhrd. Metabolic Syndrome: Practice Essen-
tials, Background, Pathophysiology. J Hear Stroke. Jan 
2018;3(1):1044

2.	Ferreira AP, Ferreira CB, Brito CJ, et al. Prediction of 
Metabolic Syndrome in Children through Anthropometric 
Indicators. Arq Bras Cardiol. 2011 Feb;96(2):121–5. doi: 
10.1590/s0066-782x2011005000005.

3.	Seo JY, Kim JH. Validation of surrogate markers for meta-
bolic syndrome and cardiometabolic risk factor clustering 
in children and adolescents: A nationwide population-
based study. PLoS One. 2017 Oct; 12(10):e0186050. doi: 
10.1371/journal.pone.0186050.



Acta Biomed 2023; Vol. 94, N. 3: e20230766

Correspondence:
Received: 30 September 2022
Accepted: 30 November 2022
Nur Aisiyah Widjaja, MD
Nutrition and Metabolic Disease Unit,
Child Health Departemen Airlangga University, Surabaya
Dharmahusada Mas XIII Blok AK no. 1-2
Surabaya, 60285 Indonesia
Phone: +62 8123073379
E-mail: nurilwidjaja69@gmail.com
Orcid ID: 0000-0002-4253-8760

escolares y adolescentes de Mérida, Venezuela: Comparación 
con referencias internacionales. Endocrinol y Nutr. 2013 
May;60(5):235–242. doi: 10.1016/j.endonu.2012.12.003.

18.	Istiqomah E, Gurnida DA, Hilmanto D, Djalil D, Hakim 
L, Fauziah PN. Waist circumference and waist-hip ratio as 
screening tools for hypertension in children aged 6-11 years. 
Paediatr Indones. 2019 Sep;59(5):265–270. doi: 10.14238 
/pi59.5.2019.265-70.

19.	Widjaja NA, Prihaningtyas RA, Hanindita MH, Irawan 
R. Adiponectin, anthropometric measurements and insulin 
resistance in adolescence with obesity. Malays J Nutr. 2020 
Jun;26(2):165–72. doi: 10.31246/mjn-2019-0100.


