
Zahedan J Res Med Sci. 2018 February; 20(2):e10422.

Published online 2018 February 27.

doi: 10.5812/zjrms.10422.

Research Article

Relationship Between the Body Fat Percentage and Anthropometric

Measurements in Athletes Compared with Non-Athletes
Damoon Ashtary-Larky,1 Ali Nazary Vanani,2 Seyed Ahmad Hosseini,3 Roya Rafie,2 Amir Abbasnezhad,4

and Meysam Alipour2,3,*

1Department of Clinical Biochemistry, Student Research Committee, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran
2Department of Nutrition, Student Research Committee, Faculty of Para-Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran
3Department of Nutrition, Nutrition and Metabolic Diseases Research Center, Faculty of Para-Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran
4Department of Nutrition, Nutritional Health Research Center, Faculty of Health and Nutrition, Lorestan University of Medical Sciences, Khorramabad, IR Iran

*Corresponding author: Meysam Alipour, Department of Nutrition, Nutrition and Metabolic Diseases Research Center, Student Research Committee, Faculty of Para-Medicine,
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, IR Iran. Tel: +98-6133367543, Fax: +98-6133720299, E-mail: meysam.aalipour@yahoo.com

Received 2017 January 08; Revised 2017 October 17; Accepted 2018 February 14.

Abstract

Background: Different indices have been introduced to assess the anthropometric status and body composition.
Objectives: This study was conducted to compare anthropometric indices in male and female athletes and non-athletes.
Methods: This cross sectional study has been conducted on 529 (324 men and 205 women) athletes (age, 32.8 ± 9.2 years) and 840
(457 men and 383 women) non-athletes (age, 33.9 ± 10.4 years) in fitness clubs in Ahvaz city. Individuals were selected by cluster
sampling. Weight, body mass index, body fat percentage, waist-to-hip ratio, waist-to-height ratio and body surface area were mea-
sured. The relationship between anthropometric indices with body fat percentage was studied. Statistical analysis was performed
using SPSS version 22. Normality of the data was assessed by using the Kolmogorov-Smirnov test. To compare variables between the
two groups, the t-test and Mann-Whitney test were used. The relationship between anthropometric indices was assessed by linear
regression.
Results: Waist-to-hip ratio in male athletes and non-athletes had the most correlation with body fat percentage (r = 0.821 and r =
0.889, respectively). Body mass index in female athletes and non-athletes had the most correlation with percentage of body fat (r =
0.780 and r = 0.863, respectively).
Conclusions: The results of this study show that the use of appropriate anthropometric indicators can be influenced by gender and
physical activity (athletes or non-athletes).
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1. Background

Due to high metabolism during the day and significant
weight changes before the Championships, one of the ma-
jor concerns in athletes is achieving the suitable weight
and body composition. On the other hand, prescription
of diet for athletes is required for accurate assessment of
body composition [1]. In addition, due to the importance
of the link between body fat and physical performance, de-
termining the level of body fat in athletes is very important
[2, 3]. Both high and low fat tissues can lead to unfavor-
able conditions for athletes [4]. The medical part of inter-
national olympic committee (IOC) has recommended the
investigation in order to achieve a more accurate method
of assessing body composition spread [5]. In the same field
a lot of research is carried out in order to achieve a cheaper
and more accurate method. According to the recent var-
ious studies, the use of waist-to-height ratio (WHtR) as a

screening indicator in those who have a need for assess-
ment of visceral obesity much more than body weight as-
sessment, can be more useful than other indicators [6-8].
This is particularly important for the athletes, because the
high weight of lean mass (muscle and bone) in athletes de-
creases efficiency of indicators based on body weight such
as body mass index (BMI) [9].

The use of BMI in athletes can provide incorrect infor-
mation the status of anthropometric athletes. According
to some studies, athletes, spite of low body fat percent-
age, can have BMI more than 25 kg/m2 [10, 11]. Kruschitzthe
et al. studied the relationship between BMI and the sub-
cutaneous adipose tissue within young athletes and non-
athletic controls. When using BMI to discriminate between
athletes and non-athletes only 52.4% of them were cor-
rectly classified. They suggest that compared to BMI levels,
subcutaneous fat patterns are a more accurate way of dis-
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criminating between athletes and non-athletes. In partic-
ular, the neck and the trunk compartment in men and the
upper back and the arm compartment in women, were the
best sites to discriminate between young athletes and non-
athletes on the basis of their fat patterns [12].

On the other hand, due to a higher proportion of mus-
cle mass in men athletes than women athletes the use of
BMI in athletes can be affected by gender [13]. In addition,
the use of BMI to estimate the amount of body fat can be
affected by ethnic groups [14, 15].

2. Methods

This cross sectional study has been conducted on 529
athletes (324 men and 205 women) and 840 non-athletes
(457 men and 383 women) in bodybuilding clubs in Ahvaz
city. Individuals were selected by cluster sampling. The
non-athletes group was matched according to age (with
a two-year interval). The athletes were with at least three
years training experience. The training frequency was at
least one hour/day, three days/week [12]. Non-athletes were
recruited via an advertisement. The subjects of the non-
athletic group were aged between 20 and 40 years, non-
smokers were currently taking no medication and per-
forming no more than one hour of exercise per week. De-
scriptive characteristics of the groups are presented in Ta-
ble 1. First, some explanations about the study were given
to the participants. Then, the subjects signed a consent
form to show that they agree to participate in the study.
Anthropometric parameters in the fasting state were eval-
uated according to the standard protocols. Anthropo-
metric measurement was performed by the expert per-
sons. Weight (to the nearest 0.1 kg) and body fat percent-
ages were measured by using the bioelectrical impedance
method (in body 230, Biospace, Korea). Height (to the near-
est 0.5 cm) was measured in a standing position without
shoes by using a Stadiometer tape. BMI calculated by divid-
ing weight in kilograms by height in meters squared. Waist
circumference (WC) and hip circumference (HC) were mea-
sured by using a measuring tape. WC was measured at the
midline between the lowest border of rib cage and iliac
crest, while participants were in standing. HC was mea-
sured to the convex part of the hip while in the standing
position. Anthropometric indices were calculated accord-
ing to the following formula:

WHpR: Waist-to-hip ratio

WHtR: Waist-to-height ratio

BSA: Body Surface Area = 0.007184 × Height (cm) 0.725
× Weight (kg) 0.425

3.1. Statistical Analysis

Statistical analysis was performed using SPSS version
22 (SPSS Inc., Chicago, IL, USA). Normality of the data was as-
sessed by using the Kolmogorov-Smirnov test. To compare
variables between the two groups, the t-test (for variables
with normal distribution) and Mann-Whitney test (for vari-
ables with non-normal distribution) were used. Data were
expressed as mean ± standard deviation and percentage.
The relationship between anthropometric indices was as-
sessed by linear regression (Table 2). A P value less than 0.05
were considered as significant level.

3. Results

Anthropometric characteristics of participants (ath-
letes and non-athletes) are presented in Table 1. A signifi-
cant correlation between anthropometric indices were ob-
served in male and female athletes and non-athletes (P <
0.05). No significant difference was observed in age be-
tween groups (P > 0.05).

As Table 2 indicates, there is a significant relationship
between body fat percentage and other anthropometric in-
dices in male non-athletes (P < 0.05). In male non-athlete,
indices of WHpR (r = 0.889; P < 0.001), BMI (r = 0.880; P <
0.001), WHtR (r = 0.814; P < 0.001), Weight (r = 0.730; P <
0.001), and BSA (r = 0.650; P < 0.001), respectively had the
most correlations with the body fat percentage.

As Table 2 indicates, there is a significant relationship
between body fat percentage and other anthropometric
indices in female non-athletes (P < 0.05). In male non-
athlete, indices of BMI (r = 0.863; P < 0.001), WHtR (r =
0.832; P < 0.001), Weight (r = 0.778; P < 0.001), BSA (r =
0.730; P < 0.001), and WHpR (r = 0.727; P < 0.001), respec-
tively, had the most correlations with the body fat percent-
age.

As Table 2 indicates, there is a significant relationship
between body fat percentage and other anthropometric in-
dices in male athletes (P < 0.05). In male athlete, indices
of WHpR (r = 0.821; P < 0.001), BMI (r = 0.617; P < 0.001),
WHtR (r = 0.507; P < 0.001), Weight (r = 0.373; P < 0.001),
and BSA (r = 0.278; P < 0.001), respectively, had the most
correlations with the percentage of body fat.

According to Table 2, there is a significant relationship
between body fat percentage and other anthropometric in-
dices in female athletes (P < 0.05). In female athletes, in-
dices of BMI (r = 0.780; P < 0.001), WHtR (r = 0.777; P <
0.001), Weight (r = 0.688; P < 0.001), WHpR (r = 0.675; P
< 0.001), and BSA (r = 0.617; P < 0.001), respectively, had a
maximum correlation with the body fat percentage.

2 Zahedan J Res Med Sci. 2018; 20(2):e10422.

http://zjrms.com


Ashtary-Larky D et al.

Table 1. Anthropometric Characteristics of Athletes and Non-Athletes Males and Females

Variable Athletes Non-Athletes

Male Female Male Female

Age, y 32.81 ± 9.56 32.90 ± 9.49 34.41 ± 10.14 32.95 ± 11.46

Weight, kg 87.58 ± 11.87 73.87 ± 10.94 92.65 ± 16.47 78.38 ± 15.18

BMI, kg/m2 28.89 ± 3.94 28.55 ± 4.47 31.12 ± 5.22 31.27 ± 6.14

BFP, % 25.47 ± 4.73 38.56 ± 5.47 32.71 ± 6.63 43.46 ± 6.04

WHpR 0.90 ± 0.03 0.90 ± 0.05 0.94 ± 0.05 0.93 ± 0.08

Abbreviations: BFP, body fat percent; BMI, body mass index; WHpR, waist-hip ratio.

Table 2. Correlations Between Body Fat Percent and Anthropometric Indices Among Men and Women Athletes and Non-Athletes

BFP

Non-Athlete Men Non-Athlete Women Athlete Men Athlete Women

BFP 1 1 1 1

Weight 0.730a 0.778a 0.373a 0.688a

BMI 0.880a 0.863a 0.617a 0.780a

WHpR 0.889a 0.727a 0.821a 0.675a

WHtR 0.814a 0.832a 0.507a 0.777a

BSA 0.650a 0.730a 0.278b 0.617a

Abbreviations: BFP, body fat percent; BMI, body mass index; BSA, body surface area; WHpR, waist-hip ratio; WHtR, Waist-to-height ratio.
aP < 0.001.
bP < 0.05.

4. Discussion

This study indicated that in men (athletes and non-
athletes), Waist-to-hip ratio from anthropometric indexes
has the most correlation (r = 0.821 and r = 0.889, respec-
tively) with body fat percentage. In women (athletes and
non-athletes), BMI from anthropometric indexes has the
most correlation (r = 0.780; r = 0.863) with body fat per-
centage. In our previous study, to identify adipose tis-
sue the old and new anthropometric indices were com-
pared. The results of that study indicated that in both men
and women, the strongest correlations were seen between
body fat percentage with BMI, Abdominal Volume Index
(AVI) and WHtR (r > 7.9). BMI, WHtR and AVI in men and
BAI, BMI and WHtR in women showed the most accuracy
for estimating body fat percentage, respectively [16].

Liu et al. compared the capabilities of Body Roundness
Index (BRI) and body adiposity index (BAI) and the old an-
thropometric indices to identify the metabolic syndrome
in Chinese postmenopausal women. In addition, neither
BAI nor BRI was superior to traditional obesity indices for
predicting metabolic syndrome (Mets). BAI showed the
weakest predictive ability, while BRI showed potential for

use as an alternative obesity measure in the assessment of
MetS [17].

Jiang et al. compared the anthropometric indices in
relation to blood pressure in China. Their results showed
that in both genders, visceral fat index (VFI) and body fat
percentage (PBF) tended to rise with age. In younger men
and women, VFI had the highest crude and adjusted odds
ratio for hypertension. The area under curve (AUCs) for PBF,
VFI and WHtR were significantly larger than those for BMI
and WC. Whereas no statistically significant difference was
found in AUCs among PBF, VFI and WHtR, additionally, VFI
and PBF yielded the greatest Youden index in identifying
hypertension in men and women, respectively [18]. Zhang
et al.’s study showed that according to the IDF criteria, the
WHtR was an index that most accurately identified individ-
uals with and without MetS both in males and females [19].

Due to more muscle mass in athletes than non-
athletes, weight-based anthropometric indices’ perfor-
mance in the detection of adipose tissue is reduced. San-
tos et al.’s study, which was recently conducted, is a study
of the few studies that examined the relationship between
anthropometric indices with fat mass in athletes. Their
results indicated that BAI, ABSI, BRI and BMI have a weak
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correlation with body fat percentage in athletes. On the
other hand, waist circumference and the sum of skinfolds
were the anthropometric variables with the highest asso-
ciation with adiposity. In addition, it was reported that the
relationship between weight-based anthropometric indi-
cators (such as body mass index) with body fat in male ath-
letes is significantly higher than female athletes [20]. Fle-
gal et al. suggested Percentage body fat tended to be sig-
nificantly more correlated with WC than with BMI in men
and significantly more correlated with BMI than with WC
in women. Also, WSR (waist-stature ratio) tended to be
slightly more correlated with percentage body fat than was
WC [21].

Consistent with our study, other studies have also re-
ported poor relationship between body mass index and
body fat percentage in male athletes [22, 23] On the other
hand, some studies have identified the body mass index
as a proper index in female athletes [24]. Ghane et al. re-
ported that BMI from anthropometric indexes (WC, WHR,
Tricept skinfold thickness, Leg skinfold thickness) had sig-
nificant recipe with percentage of body fat in active and in-
active girls. But, the WHR had a significant correlation only
in inactive girls group [25]. Minasian et al. study reported
that in comparison with boys (r = 0.61), BMI in girls showed
Stronger association with body fat percent (r = 0.63) [26].

The different definition of fitness in male and female
athletes can be one of the reasons for the introduction of
BMI as one of the appropriate anthropometric indicators
in female athletes (not in male athletes) in this study. In
men, bodybuilder mostly tends to increase muscle mass
that could undermine the application of weight-based in-
dicators (such as body mass index); but in the female, body-
builders mainly tend to lose weight. In this context, sev-
eral studies showed that there is a stronger relationship be-
tween the BMI and fat tissue in women than in men [22].

4.1. Conclusions

According to the findings of our study, there is a strong
relationship between waist-hip ratio with body fat percent-
age in men, and BMI with body fat percentage in women.
Therefore, in the absence of more sophisticated methods
to assess the anthropometric status, the use of mentioned
indices (according to gender) is recommended. A sim-
ilar study with a larger sample size and assessment of
other anthropometric indices in various countries is rec-
ommended.
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