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Purpose: Anthropometric indices such as body mass index, Waist Circumference (WC), Waistto-Hip Ratio (WHR), and Waist-to-Height Ratio (WHtR) are used to identify adolescent obesity
and overweight because of their easiness, safety, and accuracy of measurement. This study aimed
to evaluate the anthropometric indices in predicting overweight/obesity in male students.
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Methods: In this descriptive-analytical study, 162 male students of Hakim Sabzevari University,
Sabzevar City, Iran, were selected by a simple stratified-random sampling method. The
checkerboard and New York test were used to check for musculoskeletal abnormalities. Body
composition indices, including height, weight, body mass index, WC, hip circumference, WHR,
and WHtR, were measured. The obtained data were analyzed by ANOVA test and Receiver
Operating Characteristics (ROC).

Keywords:

Results: Mean values WC, WHR, the WHtR in different groups of body mass index were
significantly different. The area under the curve for WC (P=0.001), WHR (P=0.001), and WHtR
(P=0.001) had a significant difference, too.
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Conclusion: The present study showed that the area under the curve for WHR has better detective
ability for overweight and obesity than other variables such as WC and WHtR.
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Highlights
• Microscopic index analysis is a realistic and easy way of determining obesity and risk factors for heart diseases.
• Researchers have found that low-density lipoprotein cholesterol levels and the systolic and diastolic blood pressure
of both genders are the strongest determinants.
• Body mass index is a popular and essential approach used in multiple epidemiological studies and is suggested as
a method for obesity screening and early clinical assessment.

Plain Language Summary
Evidence indicates the exactness of central obesity indices. For example, Waist-to-Hip Ratio (WHR) and Waist Circumference (WC) are more distinctive predictors of cardiovascular diseases and metabolic syndromes. Each of these
indices has its advantages and disadvantages. Among these, body mass index is regularly used to evaluate overweight
and obesity. However, the central obesity is more important than lean body mass as it has demonstrated an intense
relationship with cardiovascular diseases, contrary lipid profile, and hyperinsulinemia in men.

O

1. Introduction

verweight and obesity cause life-threatening non-transmittable conditions, including cardiovascular disorders (heart
attack and stroke), type 2 diabetes, some
tumors, and so on [1]. Many authors identified microscopic index analysis as a realistic and easy way of measuring obesity and risk factors
for heart disease [2, 3]. For this reason, they measure the
body’s composition using the most significant clinical
parameters, including the Body Mass Index (BMI), Waist
Circumference (WC), hip circumference, Waist-to-Hip
Ratio (WHR), and Waist-to-Height Ratio (WHtR) [4, 5].
Researchers have found that the Low-Density Lipoprotein Cholesterol (LDL-C) fat levels and the systolic and
diastolic blood pressure of both genders are the strongest
determinants [6, 7]. A significant independent medical
parameter to identify vascular impairment is often abdominal obesity or the rise of the WHR. A cut-off point
of cardiovascular risk factors is WHR ≥0.9 for males and
≥0.8 for females [8]. BMI is a popular and essential approach used in multiple epidemiological studies and is
suggested as a method for obesity screening and early
clinical assessment [9]. However, this fat index may
have some shortcomings and miss details about local
abdominal and metabolism disorders. Some studies suggest that the body’s fat distribution pattern plays a crucial
role in determining risk factors for diseases [10].
Researches have shown that obesity troubles skeletal consistency and has tremendous consequences on
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skeletal anomalies. Being overweight induces bone
and muscle problems, fatigue, low muscle strength and
function, complications, and muscle discomfort [11].
Elevated body weight affects the body’s condition and
dynamics, particularly in the spinal zone [12]. Obesity,
therefore, influences cervical curvature. Backbone pain
and anomalies are biomechanically related to insufficient
load delivery in people with overweight [13]. Therefore,
some behavioral and physiological parameters and effective interventions are essential, among the fundamental
health considerations [14]. Physiological factors, including overweight and obesity, affects the skeletal structure
and consequently the entire state of body [15]. Research
shows that 40% of back pain induced by spinal anomalies is attributed to failure to maintain good posture and
larger waist circumference [16]. However, the studies in
this field have contradictory findings, and the history is
unclear. In this context, De Souza et al. [13] stated that
the prevalence of kyphosis in obese individuals compared with non-obese people is substantially different.
Kratěnová et al. [17] observed that high adipose tissue
plays an important role in improving spinal stabilization.
They also reported that in individuals with greater than
normal body mass index developed the least frequent
incidence of spinal anomalies [17]. Generally, the sideeffects of obesity are commonly correlated with a wide
variety of societal and economic costs every year, including higher health services, disabilities, early mortality,
and decreased efficiency. Precise estimation of obesity in
diverse populations based on established guidelines will
help assess, manage, and avoid obesity and reduce these
expenses. However, one of the difficulties is the disparity

April 2021. Volume 11. Number 2

between the outcomes of different clinical trials. There is
still dispute over the best obesity index forecasting the
likelihood of cardiovascular diseases, and no firm conclusion has been reached yet. The majority of studies assessing the danger of obesity-related health effects have
been carried out in Europe and the United States, and little research is available on this topic in countries in Asia,
particularly Iran. Therefore, the basic anthropometric
index to accurately screen chronic disease risk factors in
every population is necessary. Experimental procedures
require funding, resources, and expertise. This study
aimed to evaluate the anthropometric indices in predicting overweight/obesity in male students in Iran.

2. Materials and Methods
This study was descriptive and analytical with a crosssectional design. It was conducted from November 2019
to April 2020. An analytical cross-sectional study is a
type of quantitative, non-experimental research design.
These studies seek to gather data from a group of subjects
at only one point at a time. The statistical population included all male students of Hakim Sabzevari University,
Sabzevar City, Iran. A total of 162 students with an age
range between 18 and 22 years were selected as a sample
in a health monitoring plan using the available sampling
method. First, the students were introduced to nature
and research procedures. The inclusion criteria were
non-drug use, non-smoking, with complete physical and
mental health. The exclusion criteria included the history
of any chronic diseases such as cardiovascular diseases,
kidney diseases, rheumatology, and hereditary diseases.
The subjects were voluntarily participated in the research
based on the research conditions and signed the consent
form. The required sample size was calculated from a
Biomath sample size calculator with a significance level
of ≤0.05, power of 85%, and 95% confidence interval.
So, the required calculated sample size was 160 subjects.
In this study, to evaluate the body composition of the
subjects, the height of the subjects was measured by seca
(made in Germany) with a precision of 5 mm, hip and
waist circumference with a tape measure (Mabis-Japan)
with a precision of 5 mm, and weight by Beurer scales
(made in Germany, model PS07-PS06). The BMI is defined as the body mass divided by the square of the body
height and is universally expressed in kg/m². The Waistto-Hip Ratio (WHR) is calculated by dividing waist measurement by hip measurement since the hip is the widest
part of the buttocks. The formula is WHR= waist circumference/hip circumference. The Waist-to-Height Ratio
(WHtR) was calculated by dividing the waist circumference by height. In this study, body mass index less than

18.5 is considered lean, between 18.5 and 24.9 normal,
between 25 and 29.5 overweight, and equal to or more
than 30 obese. For the waist variable was ≥0.94, waist to
hip ratio was 0.9 ≥cm, and waist to height ratio was ≥0.5,
which determines men’s overweight and obesity [18, 19].
To measure postural deformities, we used a chessboard.
The middle line of the chessboard with a distinctive color was considered a plummet which is a framework with
the dimensions of 100×200 cm, longitudinally and horizontally divided into 5-cm grid squares. The New York
test and plummet were used for investigating forward
head posture, rounded shoulder, kyphosis, scoliosis, flat
back, and lordosis [20]. These tests are appropriate for
determining any disorder in the lateral, posterior, and
anterior sides [20]. Genu varum was determined by the
executors given the gaps between ankle and knee. Flat
feet were evaluated by measuring the foot arc height and
hallux light from the foot length [20].
The collected data were analyzed in SPSS version 16.0.
After reviewing the distribution, descriptive statistics
were presented frequency, mean and standard deviation. However, to check the normal distribution of the
obtained data, the Shapiro-Wilk test was used. In addition, 1-way ANOVA and a Receiver Operating Characteristic (ROC) curve analysis were used to analyze the
data. ROC test was used to determine the best cut-off
point of anthropometric indices using body mass index
as a reference index. The cut-off point for BMI is 25 kg/
m2, which indicates overweight [21]. The accuracy of
the criteria for determining BMI was determined using
the values of the Area Under the Curve (AUC). It is interpreted by the following criteria: no diagnostic value
(AUC=0.05), low accuracy (0.5<AUC<0.7), moderate
accuracy (0.7<AUC<0.9), high accuracy (0.9<AUC<1)
and completely differentiating (AUC=1) [21]. The significance level was set at P<0.05.

3. Results
Table 1 presents the characteristics of the subjects and
their anthropometric indices. According to Table 2, the
mean WC, WHR, WHtR in different groups of BMI was
significant (P<0.05).
Table 3 summarizes the frequency distribution of body
mass index of 162 samples in terms of waist circumference, waist-to-hip ratio, and waist-to-height ratio, i.e. 33
samples with body mass index <18.5 (lean), 102 samples
with body mass index between 18.5-24.9 (normal), 16
samples with body mass index between 25-29.9 (overweight), and 11 samples with body mass index >30
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Table 1. Anthropometric characteristics of the subjects participating in the study
Variable

Mean±SD

Range

Height (cm)

176.75±6.65

160-194

Weight (kg)

67.62±14.89

40-118

Body mass index (kg/m2)

21.57±4.21

13-36

Waist (cm)

78.11±10.66

62-116

Waist to hip ratio

0.85±0.05

0.67-1.04

Waist to height ratio

0.44±0.09

0.34-1.40

reports have shown that Body Fat Percentage (BFP) and
WHR impair BMI precision as an indicator of obesity
[23, 24]. An analysis revealed that the diagnostic performance of WC is identical to BMI and stronger than
WHtR [25]. Reilly et al. [26] demonstrated that the WC
index has no additional benefit in detecting high-fat mass
over the BMI index. Comparing WC and WHR with the
BMI index in participants aged 20-58 years, Moy and
Atiya [27] reported that the WC index throughout weight
management is better than the WHR during obesity
screening and may substitute BMI.

(obese). The ROC curve was used to determine the ability of WC, WHR, and WHtR as a tool to differentiate obesity in the subjects, and the accuracy of these variables
in determining obesity was measured with AUC (Table
4). The AUC value of WC to differentiate between obese
and normal-weight adolescents was 0.063 (P=0.001).
The AUC value for WHR was 0.228 (P=0.001), and the
WHtR for the diagnosis of obesity was 0.063 (P=0.001).
The area below the curve for the WHR was significantly
higher than those of the WC and WHtR (P<0.05).

4. Discussion

Nevertheless, the disparity in the measurement of waist
circumference may be the main reason for these differences. For example, Mirzaei & Khajeh (2018) measured
the waist circumference in the umbilical area, between
the lowest region underneath the ribs and the iliac's upper part [28]. To measure the WC, we placed a tape measure around the body at the top of the hipbone. This level
is usually at the level of the belly button. The variations
in sample size, methods of body fat calculation, age of
participants, statistical analysis, and criteria for body fat
detection make it challenging to compare the findings of
previous analyses. The heterogeneity of anthropometric
indices may also be an explanation for the discrepancies
in the findings. Only WC and WHR parameters were de-

Based on the present study results, the average WHR
was considerably higher than WC and WHtR. Overall,
the area under the curve for WHR is equivalent to 0.228,
which suggests that overweight could be detected more
effectively than other factors, including the WC and
WHtR. In a longitudinal analysis, Dobbelsteyn et al. [18]
found that BMI improvements in teenagers, particularly
children with low BMI, do not accurately reflect body fat
changes over time. BMI thus appears to be an appropriate technique to monitor obesity in teenagers. It should
be mentioned that even with the same BMI, the WHR is
very diverse, and it can be very distinctive [22]. Several

Table 2. Mean, standard deviation of anthropometric indices of male students according to body mass index
Mean±SD
Groups by Body Mass Index

Variable

Normal (n=102)

Overweight (n=16)

Obese (n=11)

Waist (cm)

67.81±3.88

76.47±5.02

91.50±5.88

104.81±5.43

<0.001†

Waist to hip ratio

0.8±0.04

0.84±0.04

0.91±0.04

0.94±0.04

<0.001†

Waist to height ratio

0.38±0.02

0.44±0.09

0.51±0.02

0.58±0.02

<0.001†

P<0.05 is significant.

†
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Table 3. Frequency distribution of body mass index by waist position, waist-to-hip ratio and waist-to-height ratio in male students
No. (%)
Groups by Body Mass Index

Variable

Waist (cm)

Waist to hip ratio

Waist to height
ratio

Borderline

Lean (n=33)

Normal (n=102)

Overweight (n=16)

Obese (n=11)

Total

<94

0

0

6 (37.5)

11 (100)

17 (10.49)

≥94

33 (100)

102 (100)

10 (62.5)

0

145 (89.50)

Total

33 (20.37)

102 (62.96)

16 (9.87)

11 (6.79)

162. (100)

<9

0

17 (16.66)

11 (68.75)

10 (90.90)

38 (23.45)

≥9

33 (100)

85 (83.33)

5 (31.25)

1 (90.90)

124 (76.54)

Total

33 (20.37)

102 (62.96)

16 (9.87)

11 (6.79)

162 (100)

<0.5

0

1 (0.98)

12 (75)

11 (100)

24 (14.81)

≥0.5

33 (100)

101 (99.01)

4 (25)

0

138 (85.18)

Total

33 (20.37)

102 (62.96)

16 (9.87)

11 (6.79)

162 (100)

The numbers in parentheses are percentages.

termined and compared in other analyses. Though in the
current study, the WHtR was also evaluated as well as
their relationships with BMI.
According to the present results, average values WC,
WHR, and WHtR in various BMI communities are significantly different. The WHR overestimates the abdominal obesity index for overweight participants with large
hip circumference, while this index is underestimated for
lean participants with high WC. The biggest issue with
using this index is that the hip and waist circumferences
usually change a lot when weight is lost or gained. With
weight gain, both scales are increasing together, and so
the impact of weight gaining on this index is underestimated. This index is not appropriate for analyzing obesity, particularly changes in weight and its trend. The preservation and promotion of physical wellbeing are thus

essential to alleviate the risk of obesity and associated illnesses, including cardiovascular diseases, hypertension,
diabetes, obesity, and musculoskeletal abnormalities
[29]. As the amount of physical exercise declines and
muscle weakness rises, the composition of the human
body and musculatures will deteriorate. This decline not
only affects the organization and regular life of people in
sporting events and offices but also harms the physical
experiences of young participants psychologically and
socially and may prevent them from engaging efficiently
and positively in social and sporting settings. This is the
commencement of a negative cycle in which such complications spread further throughout the group [30].
The use of a statistical ROC curve procedure was one
of the advantages of this investigation. BMI was also recruited as the gold standard in this research to evaluate

Table 4. Mean, standard deviation of surfaces below the ROC curve for waist, waist to hip, and waist to height indices
Variable

Area

Standard Error

Waist (cm)

0.063

Waist to hip ratio
Waist to height ratio

95% CI

P

Lower

Upper

0.02

0.023

0.102

<0.001†

0.228

0.04

0.147

0.309

<0.001†

0.063

0.02

0.021

0.105

<0.001†

P<0.05 is significant.

†
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WHR. One of the primary limitations of some analyses is
that the incision points used in obese and normal adolescent’s classification are not indigenous to each other. Also,
measurement of subcutaneous fat is recommended to be
investigated in future studies. Measuring this index requires only one tape measure, which is more economical
than measuring height and weight and has fewer measurement errors. Another limitation of the study is the lack of
control over lifestyle (amount of sleep, rest, and extracurricular activities), genetic, physiological characteristics, and
various adaptation responses to physical activity. Since the
change of such variables depends on the physical condition
of individuals, coaches and sports physicians are advised to
consider the necessary measures when designing interventions. In the future, we will expand our research scope and
observation in our future studies.

5. Conclusion
Overall, this research suggests that the value of the AUC
for WHR is 0.228, indicating its ability to detect overweight
and obesity more efficiently than other factors, including
WC and WHtR. The quantification of WHR is, though,
more suitable than the two other variables because of its
easy measurement and affordable expenses.
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