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Objective: The present this study aimed to determine the proper
cut-off points for waist circumference (WC), Waist to height ratio
(WHtR) and body mass index (BMI) for early predicting of
metabolic syndrome among inactive college students.
Materials and Methods: In this cross-sectional study, 126
males (age 20.33±1.71) and 63 females (age 20.36±1.72) with
inactive lifestyle participated. Based on the metabolic risk factors,
the participants were assigned to group 1 (one risk factor and less)
or group 2 (two risk factors and more) separately. Data were
obtained using a questionnaire, anthropometric and physical fitness
(VO2max) measurements and blood sampling. Independent t-tests
was used to show between-group differences according to the
numbers of risk factors, Pearson correlation coefficient was used to
determine the relationship between obesity indices and metabolic
risk factors, and the ROC curves was used to estimate the power of
predicting and to determine the cut-off points for metabolic
syndrome’s risk factors.
Results: Significant correlation between obesity indices and
metabolic risk factors (Except blood glucose and systolic blood
pressure in males) were observed. As the number of metabolic risk
factors increased, the significant elevation of obesity indices in both
genders were observed. All obesity indices were within normal
range except fat percentage. Cut-off points for BMI, WC and the
WHtR, were 21.19, 20.84 and 77.75, 0.46 and 75.50, 0.48 for males
and females respectively.

Discussion: The best predictive indices and cutoff points
for susceptibility to metabolic syndrome were: in males,
77.75 for WC and in females, 21.19 for BMI. It should be
noted that in the present study, two or more factors were
considered to determine the cut-off points to diagnose
susceptible individuals.
Keywords: Metabolic syndrome, Sedentary lifestyle, Obesity
indices

Introduction

T

he
metabolic
syndrome
is
a
combination of 5 risk factors including
obesity, insulin resistance /impaired

glucose uptake and metabolism, dyslipidemia
(high triglycerides, low HDL-C) and
hypertension (1). Any of these risk factors
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may increase the risk of serious disease such
as cardiovascular disease and diabetes. If there
are at least 3 of these factors, the person is
diagnosed with metabolic syndrome (2).
According to the Adult Treatment Panel (ATP
III), similar to America, the prevalence of
metabolic syndrome in Iran is about 25 to 40
percent (3). Also in recent years, the more
prevalence of metabolic syndrome in Iranian
teenage between 10-19 years old was reported
(4). New statistical data showed that students
(18-24 years old) are exposed to chronic
diseases. At least % 45.7 of Iranian students
(5) and 43% of American students suffer from
one condition of metabolic syndrome (6).
Unhealthy diet and lack of exercise are the
characteristics of the students’ lifestyle which
may lead to obesity and metabolic syndrome
(7). Physical inactivity affects body
composition by reducing muscle mass and
increasing body fat percentage (8).
Overweight and obesity are considered as a
disease and may develop metabolic syndrome
(9). Obesity can be assessed by various
anthropometric measurements, including Body
Mass Index (BMI), and abdominal obesity
indices such as waist circumference (WC),
Waist to height ratio (WHtR) (10). Many
studies have reported, compared to Europeans,
Asians have more body fat percentage (11).
According to that, the incidence of metabolic
risk factors was observed in lower cut-off
points for BMI and WC in Asians. For
example, for prediction of metabolic disorders,
the cut-off points of BMI in China, Indonesia
and Vietnam are 22.5, 21.5, and 20.5 in,
respectively, and cut-off points for WC are 90
and 80 cm for Asian men and women,
respectively (12).
Early detection of metabolic syndrome risk
factors in student population would be
possible by determination of appropriate cutoff points for obesity indices. In the next step,
these cut-off points may be used in primary
screening to prevent the spreading of
metabolic syndrome risk factors in that
population (9). According to this point of view
that obesity cut-off points are depended on
158

race, geographic region and gender,
determining the appropriate cut-off points for
detection of metabolic syndrome risk factors
in student population may be helpful (13).
This study aimed to assess the cut-off points
for obesity indices which can be measured by
easy and simple methods and tools (e.g.
Questionnaires and some tests), instead of
blood sampling. Thereby, the students at risk
are detected to provide appropriate
mechanisms to prevent the prevalence of the
metabolic syndrome for health promotion at
the university.

Materials and Methods
This cross-sectional study was carried out on
Sharif University students. The volunteers
filled out a checklist including demographic
and physical activity information (14). Totally,
126 males (age 20.33±1.71) and 63 females
(age 20.36±1.72) were selected and in regard
of ethical research, they were informed about
detailed information of methodology and then
signed the informed consent for participation
in this study. Based on the numbers of
metabolic syndrome components, each
participant was assigned to group 1 (lower risk
subjects with 1 risk factor and less) or group 2
(at risk subjects with 2 risk factors and more).
After 12 hours of fasting, blood samples were
drawn. Then, separated serums were stored at 20°C for measuring plasma glucose (Bio
system, England), high-density lipoprotein
(HDL-C) and triglycerides (Kit Company test
Pars, Iran) concentrations later, using
photometric enzyme assay. Height and weight
were measured in the fasting state, with light
clothes and barefooted (Seca, Germany). BMI
was calculated by dividing weight in kilogram
by the square of height in meters. WC was
measured in the area between the lowest rib
and the top of the hip bone (Iliac crest) at the
navel level. Also, for calculating WHtR, waist
circumference
was
divided
by
hip
circumferences. Body density was calculated
by measuring the skinfold thickness at three
sites: triceps, suprailiac and thigh for females,
and chest, abdomen and thigh for males
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(15,16) on the right-hand side of the body
using Caliper (harpenden CE 1020, England)
to estimate body fat percentage. To ensure the
inactivity of students the VO2max was
estimated by Cooper test (17,18). The cut-off
points were estimated using data form group 2.

Statistical Methods
Independent T-test was used to find the
between group differences in physical fitness
and obesity indices, the Pearson correlation
coefficient was used to examine the
relationships between obesity and metabolic
risk factors. ROC was used to estimate power
of prediction for obesity indices and also
determines the cut-off points based on the
sensitivity and specificity. SPSS software
version 16 was used for statistical analysis and
values equal or less than %5 were considered
significant.

Results
Based
on
the
metabolic
syndrome
components, 126 males (age 20.33±1.71) and
63 females (age 20.36±1.72) were selected and
based on the metabolic risk factors, each
participated were assigned to group 1 (lower
risk subjects with 1 risk factor and less, 99
males and 55 females) or group 2 (at risk

subjects with 2 risk factors and more, 27 males
and 8 females), and separate data from each
sex were analyzed.
The Vo2max of female was 20.84± 3.2
ml/kg/min-1 and 34.47± 4.39 ml/kg/min-1 in
males.
The Vo2max was 20.84± 3.2 ml/kg/min-1 and
34.47± 4.39 ml/kg/min-1 for females and males
respectively. Also, based on their Vo2max,
they were allocated in 2 classes, very poor and
poor (17,18).
According to table 1, Fasting blood glucose
levels had no correlation with any of obesity
indices and triglyceride levels had a strong
relationship with all indicators in both genders.
HDL in males and systolic blood pressure in
females had significant relationship with
obesity indices.
In table 2, cut-off points and area under the
curve (AUC) for obesity Indices is shown for
group 2 (more than one risk factor) in both
genders. All of the AUCs were statistically
significant and BMI in Females and WC in
males had the most extensive AUC.
Table 3 shows that the AUCs for HDL and
triglyceride were significant, and blood
pressure’s AUC was not significant.
Characteristics of 2 groups which separated by
sex are presented in Table 4. Compared to

Table 1. Correlation of the variables between the obesity indices and metabolic disorders (N= 126 males
and 63 females)
Risk factors
Sex

Systolic pressure
(mmHg)

Diastolic pressure
(mmHg)

HDL-C
(mg/dl)

Triglyseride
(mg/dl)

Fasting Glucose
(mg/dl)

Males
Females
Males
Females
Males
Females
Males
Females

r = 0.042
r = 0.421 **
r = 0.98
r = 0.346**
r = 0.113
r = 0.322**
r = 0.152
r = 0.502**

r = 0.124
r = 0.223
r = 0.159
r = 0.122
r = 0.181*
r = 0.099
r = 0.173
r = 0.378**

r = -0.187*
r = -0.259*
r = -0.211*
r = -0.194
r = -0.209*
r = -0.247
r = -0.190*
r = -0.185

r = 0.277**
r = 0.265*
r = 0.266**
r = 0.427**
r = 0.259**
r = 0.358**
r = 0.296**
r = 0.352**

r = 0.042
r = 0.148
r = 0.088
r = 0.158
r = 0.070
r = 0.152
r = 0.029
r = 0.141

Obesity indices
BMI (kg/m2)
WC (cm)
WHtR (cm/cm)
Fat pecent
* P<0.05, ** P<0. 01

Table 2. The Cut-Off Points and AUCs for obesity indices for group 2 in both genders
Sex
Females
N=63
Males
N=126

Obesity Indices
BMI
WC
WHtR
BMI
WC
WHtR

AUC
0.898
0.818
0.836
0.702
0.741
0.729

Cut-off Point Sensitivity Specificity Upper-Bound Lower-Bound
21.19
1.00
0.8
0.990
0.805
75.50
0.88
0.65
0.939
0.698
0.48
1.00
0.72
0.964
0.709
20.84
0.89
0.44
0.816
0.589
77.75
0.93
0.48
0.842
0.641
0.46
0.85
0.53
0.843
0.615
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P
0.000
0.004
0.002
0.001
0.000
0.000
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points in group 2 were 75.5 for females and
77.8 for males. Also, the cut-off points for
HDL, triglycerides and hypertension in both
genders were 78.9, 77.65 and 75.75
respectively, which were lower than other
Iranian results. For example, in one study, WC
cut-off point was estimated 94.5 for subjects
with more than one risk factor (21) and in
another study were suggested 94 and 80 for
males and females respectively (22). The Cutoff points in Southeast Asia are nearly similar
to our study, so that WC cut-off points for
both genders were estimated 80 in Cambodia
and China (11). In Korea and India 78, 80, and
83, 78 were reported for males and females
respectively (23). In another study, the Cut-off
points of 78 and 72 were estimated for Indian
men and women over 20 years old. One reason
for difference between the results of the
present study with others can be related to
diversity in method and site of the WC
measurement. But the important reason should
be referred to the participants’ age differences.
Compare to elderly, the lower cut-off points
for young people was reported (24). An
increase in WC cut-0ff point was observed
with increasing the age. For example, in
subjects with more than one risk factor, the
cut-off points for WC were suggested 83 for
young (18-24 years old) and 95 for elderly

group 1, a significant increase in obesity
indices and a decrease in VO2max which was
significant in males, was observed in group 2.
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Discussion
The aim of this study was to determine the
proper cut-off points of obesity indices for
early detection of metabolic syndrome in
inactive students. Considering the age of our
subjects (18-24 years old), and the necessity of
the early predicting the risk of metabolic
syndrome, so the cut-off points of obesity
indices were estimated for group 2. In females,
the most extensive AUC was related to BMI
(0.898) and WHtR (0.836), and in males was
related to WC (0.741), and WHtR (0.729),
respectively.
Many studies showed that despite lower BMI,
Asians have more fat percentages compare to
Caucasians (3,11,19,20). Given the fact that
there is a relationship between abdominal fat
and health, the lower cut-off points must be
considered for these populations (19). Also,
the existence of at least one metabolic risk
factor in %41 to %81 of all races was reported
(even in low values of WC females: 75-80 cm
and males: 80-85 cm) (20). In our study, the
most extensive AUC in males belonged to
WC, and this index has a strong correlation
with HDL and triglyceride. The WC cut-off

Table 3. The Cut-Off Points and AUCs for obesity indices for detecting HDL, BP,
Triglyceride abnormalities in all subjects.
Metabolic
risk factors
HDL

Hypertension

Triglyceride

Obesity
Indices
BMI
WC
WHtR
BMI
WC
WHtR
BMI
WC
WHtR

AUC
0.624
0.610
0.627
0.575
0.585
0.584
0.695
0.747
0.672

Cut-off
Point
21.11
78.9
0.46
20.50
75.75
0.46
21.11
77.65
0.50

Sensitivity

Specificity

0.71
0.63
0.69
0.73
0.75
0.63
0.84
0.88
0.52

0.58
0.62
0.56
0.91
0.45
0.52
0.49
0.54
0.78

UpperBound
0.705
0.692
0.708
0.670
0.676
0.676
0.798
0.837
0.780

LowerBound
0.543
0.529
0.547
0.480
0.493
0.491
0.591
0.658
0.564

P
0.003
0.009
0.003
0.112
0.073
0.075
0.002
0.000
0.006

Table 4. Between-group differences of obesity indices in both genders
Sex
Females
N=63
Males
N=126
*
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Group
1

Number of risk factors
1≥

BMI
20.33

WC
73.92

WHtR
0.46

Fat percentage
21.45

VO2max
21.02

2
1

2≤
1≥

24.85**
22.05

85.56*
80.63

0.52*
0.46

30.41**
15.03

19.63
34.99

2

2≤

24.81**

88.90**

0.51**

19.58**

32.53*

P<0.05, ** P<0.01 differed from group 1
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(45-54 years old) people (25).
In the present study, the AUC of WHR in both
males and females was in second place, and
had a correlation with more risk factors in the
males. Shao et al. suggested that WHR is the
best predictor for metabolic syndrome in
Chinese race and 0.50 as a proper Cut-off
point for both genders. Iranian suggestions for
WHR cut-off points were 0.59, 0.57 (21,24)
and Korean reported 0.49, 0.5124 for males
and females respectively, and also they
confirmed that WHR is a suitable predictors
for metabolic syndrome as much as WC19,
(26). In the present study, the cut-off points of
WHR for detection of metabolic syndrome
were 0.48 and 0.46 for females and males
students respectively, and for detection of
hypertension and HDL-C was 0.46 and for
triglycerides was 0.50. Kuo et al. (2012)
proposed the cut-off points 0.49 and 0.51 for
Korean male and female respectively (26). The
cut-off points of WHR in our subjects were
lower than other studies. Similar to WC, the
reason may be related to the age of the
subjects. Since the many cross-sectional
studies have shown that there is a correlation
between physical inactivity and more
abdominal fat or less muscle mass (27), the
lower cut-off points for abdominal obesity
indices for incidence of metabolic syndrome in
inactive students can be expected.
Although some studies stated BMI is not
suitable for estimating the body fat percentage
in a certain population such as college students
(8), our finding showed that BMI has a strong
correlation with risk factors and had the most
extensive AUC for predicting metabolic
syndrome in females. In addition, existence of
at least one metabolic risk factor for normal
level of BMI (between 22-24 kg/m2) in all race
was reported (20). In the present study, the
BMI cut-off points in group 2 were 21.19 and
20.84 for males and females respectively.
According to WHO, the cut-off point of BMI
for Asians is 23. In Iranian studies, 28.87 (24)
and 26.65 (21) were reported, but the cut-off
points for existence one factor and more in
Indian males and females is 21 and in

Taiwanese is 22.7 (23). At a certain level of
BMI, some Asian ethnicities have more body
fat percentage than others which may be due
to prenatal inappropriate nutrition, sedentary
lifestyle, fiber deficiency diet and genetic
differences (3). The low cut-off points for
BMI in our inactivate students showed that the
incidence of the metabolic syndrome risk
factors in lower range of BMI should be
expected. Also low BMI solely is not a
determinant for the amount of body fat and
being healthy. Regarding to the body fat
percentage, 29% of lean subjects with BMI
<25 kg/m2 are in obese level with
dyslipidemia, diabetes and hypertension (28).
The age of our subjects was differed from the
other studies and based on the findings,
because the percentage of body fat increases
with age, so using the unique cut-off point is
not appropriate for different ages. Unlike
females, BMI had the lowest extensive AUC
in males which can be explained as follows:
females have more body fat than males which
may not be distinguished by BMI (8).
Therefore, it is necessary to determine two
different cut-off points for female and male.
Additionally, the relationship between fat
percentage and BMI depends on many factors
such as race, body structure and level of
physical activity (8,20).
Table 4 shows, the average of all obesity
indices increased significantly in group 2
(increasing the risk factors). However,
according to WHO and ATP III, all variables
in this group were within normal range, except
body fat percentages of females and males
which were in obese and overweight level,
respectively. This emphasizes that the current
BMI and WC cut-off points are not
appropriate for predicting the incidence of
metabolic syndrome in our subjects and new
cut-off points with lower limits should be
determined for this population.

Conclusions
The findings of the present study showed that
lower obesity indices should be considered for
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early predicting metabolic
inactive college students.

syndrome

in
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