
Citation: Arif, M.; Gaur, D.K.;

Gemini, N.; Iqbal, Z.A.; Alghadir,

A.H. Correlation of Percentage Body

Fat, Waist Circumference and

Waist-to-Hip Ratio with Abdominal

Muscle Strength. Healthcare 2022, 10,

2467. https://doi.org/10.3390/

healthcare10122467

Academic Editor: Parisi Attilio

Received: 14 September 2022

Accepted: 2 December 2022

Published: 7 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

healthcare

Article

Correlation of Percentage Body Fat, Waist Circumference and
Waist-to-Hip Ratio with Abdominal Muscle Strength
Munazza Arif 1, Davinder K. Gaur 1, Nishant Gemini 2, Zaheen A. Iqbal 3,* and Ahmad H. Alghadir 3

1 Banarsidas Chandiwala Institute of Physiotherapy, New Delhi 110019, India
2 Primus Super Specialty Hospital, New Delhi 110021, India
3 Department of Rehabilitation Sciences, College of Applied Medical Sciences, King Saud University,

Riyadh 11433, Saudi Arabia
* Correspondence: z_iqbal001@yahoo.com

Abstract: Sedentary lifestyle and consumption of high-fat foods have become widespread, especially
in the urban population. This leads to a reduction in lean body mass and increased body fat. The
correlation between body fat indices and low back pain has been less explored and documented.
The aim of this study was to identify the correlation between the percentage of body fat, waist
circumference and waist-to-hip ratio and abdominal muscle strength. Percentage of body fat was
estimated by using the body composition analyzer method using Tanita BC-545 Innerscan Segmental
Body Composition. Waist-to-hip ratio was calculated by dividing the waist circumference by hip
circumference. Abdominal muscle (rectus abdominis and external oblique) strength was measured
by maximum voluntary isometric contraction as measured by surface electromyography. A posi-
tive correlation was observed between waist circumference and the percentage of body fat, while
a negative correlation was observed between the average maximum voluntary isometric contraction
of rectus abdominis and external oblique muscles and the percentage of body fat. Individuals with
a high percentage of body fat tend to have higher fat distribution over the abdominal region and
decreased abdominal muscle strength. Therapists should emphasize the use of abdominal muscles
in individuals with high body fat in order to reduce the associated risk of the development of poor
posture and low back pain.

Keywords: percentage of body fat; waist circumference; waist-to-hip ratio; abdominal muscle
strength; bioelectrical impedance; maximum voluntary isometric contraction

1. Introduction

Fat in the body includes storage and essential fat [1]. Fat accumulation in the adipose
tissue is the storage body fat that helps to protect internal organs in the abdomen and chest.
Many life and reproductive functions are necessarily maintained by essential body fat.
Excess of body fat is referred to as obesity [2]. It is defined by the body mass index (BMI)
such that at a given height, higher weight is associated with higher body fat [3]. Since it is
not a direct measure of the body’s fat mass and composition, it has often been regarded
as an imperfect measure of body fatness in the literature [4,5]. Due to such limitations
associated with the BMI, the use of other different measures to assess body fat has been
suggested, including the percentage of body fat (PBF), waist–stature ratio (WSR), waist
circumference (WC) and waist-to-hip ratio (WHR) [6–9].

Among women, the percentage of essential body fat is greater as compared to men
which has been attributed to the needs of childbearing and other hormonal functions [10].
The PBF is the ratio of total fat mass in a living being to its total body mass. Various
methods have been proposed to determine the PBF including measurement with calipers
or bioelectrical impedance (BI) analysis. The technique of BI analysis has been reported
as a convenient and valid approach for body composition estimation [11,12]. The PBF
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has been regarded as a measure of fitness level as it is the only measurement that directly
calculates relative body composition without regard to weight or height [13]. Similarly, the
WHR has been widely used as a person’s health indicator and measure of obesity [14]. It
is associated with the risk of developing serious health disorders. A WHR above 0.90 for
males and above 0.85 for females has been referred to as abdominal obesity by the World
Health Organization [15].

Research shows that body fat distribution is associated with an increased risk of
developing diseases, such as coronary artery disease, diabetes, etc., rather than absolute
total fat [16–18]. Obesity and overweight have been correlated with poor quality of life
and musculoskeletal functioning [19]. A major risk factor for developing low back pain
(LBP) is being overweight [20]. It has been shown that women with central obesity, as
measured by the WC and WHR, have a higher prevalence of LBP further confirming the
relationship between body fat distribution and LBP [11,21]. Han et al. also reported that
chronic LBP is significantly associated with a high WHR, an indicator of a central obesity
pattern, especially in women [21]. Sedentary lifestyle and consumption of high-fat foods
have become common, especially in the urban population of the younger age group [22].
This leads to increased body fat and a reduction in lean body mass. This further increase
in the PBF has been shown to develop nonspecific chronic LBP and a reduction in aerobic
capacity [23]. Patients with nonspecific chronic LBP often report that they have to reduce
their level of activity due to pain, creating a vicious cycle. This leads to a long-term
reduction in activity levels, developing a ‘deconditioning syndrome’ including weakness
of core muscles [24–26].

There are fewer studies that study the correlation between LBP and body fat
indices [27]. Although an association between abdominal obesity and lower strength
of muscles has been shown among older people [28], there are no longitudinal findings
that associate body fat or other body composition indices with abdominal muscle strength
even in younger age groups or those with normal body weight. Therefore, the objective
of this study was to study the correlation between the PBF, WHR and WC and abdominal
muscle strength among young people with normal body weight. The outcome of this
study shall throw more light on the work of abdominal muscles among individuals with
different body fat and help to formulate strategies to decrease the associated risk. In addi-
tion, it will further help in understanding the impact of abdominal fat on the reduction in
muscle strength.

2. Materials and Methods
2.1. Study Design

A cross-sectional study design was adopted in this study to identify the correlation
between PBF, WC and WHR with abdominal muscles, right rectus abdominis (RA) and
right external oblique (EO) strength.

2.2. Participants

University students, aged between 18 and 28 years and with a BMI between 18.5
and 24.9 kg/m2, were invited to participate in this study through advertisement on the
notice board. A total of 50 healthy participants, 36 males and 14 females, were included
in this study after careful consideration of the inclusion and exclusion criteria. They
were excluded if reported any neurological, musculoskeletal, cardiorespiratory, psychoso-
matic or hormonal disorders. Subjects who were taking prolonged medications, following
a weight training protocol or fasting were not included in the study. This was a one-time
study conducted in the university medical center.

2.3. Ethical Statement

All the subjects were informed about the procedure, potential risks and benefits of
the study. They had to provide written informed consent before data collection. Approval
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was obtained from the rehabilitation research review board for ethics according to the
Declaration of Helsinki guidelines.

2.4. Procedure

WC was measured in standing position with the help of a measuring tape at the
midway level between the lower rib margin and the iliac crest. It was rounded to the
nearest 0.5 cm [29]. The hip circumference (HC) was measured while standing at the
widest part of the hip bones of the buttocks region in centimeters to the nearest 0.5 cm [30].
WHR was calculated by ratio of WC and HC [15,31]. Prior to the test the subjects were
familiarized with the testing procedure. PBF was estimated by using body composition
analyzer method using Tanita BC-545 Innerscan Segmental Body Composition [32–34].
The procedure was explained to the participants, and the machine was cleaned using
a detergent wipe. In preparation for the analysis, they were asked not to do any exercises
or consume alcohol 24 h prior to the test. They were also asked to avoid food or caffeine
4 h before taking the test and to drink 2 to 4 glasses of water 2 h prior to the test. Participants
were asked to remove shoes and socks, and their feet were thoroughly wiped using alcohol
wipes to clean the area for any cream or moisturizer that could affect the results. They
were also asked to remove any outer clothing, empty their pockets and remove any jewelry.
The subjects were made to stand barefoot on the footpads on the base of the scale, and
a safe weak electric current (50 KHz, 800 uA) was passed through the body via patented
pressure contact footpads over a scale platform, and level of resistance was measured in
different body segments. They were asked to keep still and look straight ahead while
running the test. It was made sure that their arms were extended and any part of body
was not under tension. Body composition analyzer has been shown to be a reliable, valid
and convenient approach for estimating body composition [11,12,27,35–38]. The body fat
percentage readings using this method are within 5% of DEXA which is the gold standard
for body fat measurement.

Abdominal muscle strength was measured by maximum voluntary isometric con-
traction (MVIC). It is an objective, standardized and sensitive tool for measuring muscle
strength [39,40]. For the RA, participants were made to lie in the supine position with hips
and knees flexed to 90 degrees and feet supported. They were asked to perform a maximal
supine isometric trunk curl-up against manual resistance applied by the therapist at the
shoulders in the direction of extension movement to maximally recruit the muscle [40].
Similarly, they were also asked to perform an isometric contraction for EO. Participants
had to lie in supine position with hips and knees flexed 90 degrees and feet supported.
They were asked to perform isometric contraction against the manual resistance applied
by the therapist at the shoulders in the direction of trunk extension and right rotation
directions [40]. The muscle bioelectric activity was measured by surface electromyography
(EMG) using the 2-channel apparatus NeurotracTM Myoplus [41–43]. Subject skin was pre-
pared by shaving (when necessary) and cleansing it with alcohol before applying electrodes
to reduce skin impedance. The EMG signals were recorded in the right RA and EO muscles.
Sites for electrode placements for RA were 3 cm lateral to the right of the umbilicus, while
for EO, it was approximately 15 cm lateral to the right of the umbilicus [44–46]. The bio-
electric activity of RA and EO muscles was examined when the subjects performed MVIC
for 3 s. All the measurements for all the subjects were conducted by same examiner who
was trained for all the procedures before the study was conducted.

2.5. Data Analysis

The data were analyzed using SPSS 17 software (SPSS Inc., Chicago, IL, USA). Gender-
based differences in PBF, WC, WHR and average MVIC of right RA and EO muscles were
analyzed using independent samples t-test. Relationship between PBF, WC, WHR and
average MVIC of right RA and EO muscles was determined using Pearson’s correlation
coefficients. Correlation was also tested on the basis of gender. The p-values less than 0.05
were considered to be significant.
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3. Results

Demographic characteristics (mean ± SD) and gender-based differences in the PBF,
WC, WHR and average MVIC of right RA and EO muscles among the participants are
given in Table 1. There were significant differences (p < 0.05) in the WHR, PBF and average
MVIC of right RA and EO muscles between males and females. Results show a strong
positive correlation between WC and the PBF (r = 0.527, p < 0.001, 95% CI [0.292, 0.703])
as well as the WHR and WC (r = 0.739, p < 0.001, 95% CI [0.580, 0.844]). Among females,
there was a strong positive correlation between WC and the PBF (r = 0.757, p < 0.001, 95%
CI [0.570, 0.869]), WHR and PBF (r = 0.507, p < 0.05, 95% CI [0.214, 0.716]) and WHR and
WC (r = 0.787, p < 0.001, 95% CI [0.619, 0.887]). Among males, there was a strong positive
correlation between the WHR and WC (r = 0.614, p < 0.05, 95% CI [0.124, 0.864]).

Table 1. Demographic characteristics (mean ± SD) and gender-based differences in PBF, WC, WHR
and average MVIC of right RA and EO muscles among the participants (n = 50).

Parameter Males (n = 14, 28%) Females (n = 36; 72%) Total (n = 50) p Value

Age: years 20.28 ± 2.97 21.13 ± 2.20 20.90 ± 2.44 0.272

BMI: kg/m2 23.80 ± 1.47 22.46 ± 1.18 23.13 ± 1.32 0.062

Waist circumference (WC): cm 78.35 ± 9.53 75.76 ± 10.57 76.49 ± 10.26 0.428

Hip circumference (HC): cm 89.71 ± 8.71 91.52 ± 8.29 91.02 ± 8.36 0.497

Waist-to-hip ratio (WHR) 0.86 ± 0.04 0.82 ± 0.05 0.83 ± 0.05 0.015

PBF 15.34 ± 5.13 25.20 ± 9.33 22.44 ± 9.44 <0.001

Average MVIC of right rectus
abdominis muscle (mV) 96.79 ± 48.77 33.56 ± 23.31 51.27 ± 42.91 <0.001

Average MVIC of right external
oblique muscle (mV) 51.09 ± 36.37 21.87 ± 28.20 30.05 ± 33.08 0.004

BMI: body mass index, PBF: percentage of body fat, MVIC: maximum voluntary isometric contraction.

3.1. Relation between PBF, WC, WHR and Average MVIC of Right RA

PBF was found to be negatively correlated with the average MVIC of RA (r = −0.329,
p < 0.05, 95% CI [−0.557, −0.056]). WC (r = 0.043, p = 0.76, 95% CI [−0.238, 0.317]) and
WHR (r = 0.144, p = 0.31, 95% CI [−0.139, 0.406]) were not significantly correlated with the
average MVIC of RA. There was no significant correlation (p > 0.05) between the PBF, WC,
WHR and average MVIC of right RA on the basis of gender.

3.2. Relation between PBF, WC, WHR and Average MVIC of Right EO

PBF was found to be negatively correlated with the average MVIC of EO (r = −0.293,
p < 0.05, 95% CI [−0.529, −0.016]). WC (r = −0.044, p = 0.76, 95% CI [−0.319, 0.237]) and
WHR (r = 0.106, p = 0.46, 95% CI [−0.177, 0.374]) were not significantly correlated with the
average MVIC of EO. There was no significant correlation (p > 0.05) between the PBF, WC,
WHR and average MVIC of right EO on the basis of gender.

4. Discussion

This study determined the correlation between the PBF, WC and WHR and abdominal
muscle (RA and EO) strength measured by average MVIC. Results show a negative correla-
tion between the PBF and average MVIC of these muscles. This relation was not significant
on the basis of gender. Participants with a high PBF exhibited decreased average RA and
EO muscle activity.

Overall, there was a positive correlation between the PBF and WC, signifying that
participants with a higher PBF had higher fat distribution over the abdominal region.
Results further show significant differences in the WHR, PBF and average MVIC of right
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RA and EO muscles between males and females. Among females, there was a strong
positive correlation between the PBF and WC and WHR as well as between the WHR and
WC. However, among males, there was a strong positive correlation only between the
WHR and WC. As compared to males, various previous studies have reported smaller
height, higher weight and differences in the body composition and muscle strength among
females [47,48]. The smaller body structure of females acts as a disadvantage during heavy
work, lifting weight and when applying body force putting an extra load on their spine [49].

The available literature shows that body fat is more correlated with WC, and the
adequacy of the BMI to measure body fat has been doubted [9,37,50,51]. This has led to
the development of alternative methods to the BMI when measuring body fat including BI
instruments [38,52]. In the BI method, a weak electric current is passed through electrodes
placed at different parts of the body, and the level of resistance is measured. The fat-free
mass of the body that contains water and electrolytes offers lower resistance, while fat mass
provides higher resistance and acts as an isolator [11,12].

The electrical activity of the muscles is recorded by EMG which tests the integrity of
the motor system. It shows muscle activation in response to the mobilization of adjoining
segments or its participation in a particular movement [53].

Results of previous studies show an inverse relationship between the PBF, physical
fitness test scores in tasks such as sit-ups and cardiorespiratory fitness [54,55]. This has
been linked to poor abdominal strength and endurance which corroborates with the results
of the present study. Fat in the abdominal region affects spinal stability. Studies have linked
abdominal obesity with a faster decline in muscle strength among men [28]. Abdominal
muscle strength recruitment in individuals with a high PBF may be affected as patients with
LBP have been shown to have poor abdominal muscle strength [27,56]. Strong abdominal
muscles are required to maintain trunk and spine stability and correct body posture that
reduces stress on the lumbar spine [57]. People with an anterior pelvic tilt also often have
weak obliques along with other weak muscles including gluteal and tight hip flexors,
causing lower back and hip pain [58]. Weak abdominal muscles can cause lower back pain
as they encourage a forward-leaning posture and poor stability while doing spinal motions,
and focusing rehabilitation only on core muscles is unlikely to fix the problem [59]. In fact,
it may further aggravate back pain. As abdominals work in conjunction with back muscles
while bending, straightening or lifting, patients are more prone to back pain with a weak
core [60,61]. Correct body posture can help in preventing LBP that has been regarded as
one of the most common reasons for absence from work [62]. Abdominal muscle strength
is also required for good performance in sports activities. Abdominal muscles, including
RA and EO, are commonly exercised through concentric muscle contraction causing flexion
at the trunk, such as that in a crunch or sit-up exercise, where the resistance is provided
only by the moving body mass [63].

Physical activity is necessary for gain in strength, endurance and flexibility [64]. There
may be a lack of muscle strength and endurance especially in abdominal muscles among
sedentary individuals who have a tendency of obesity [27,65]. This may have a detrimental
effect on the lumbar spine, as the abdominal muscles are specifically required to maintain
lumbar spine posture [66]. Poor abdominal muscle activation in individuals with a higher
PBF, as seen in this study, may lead to the tendency to adopt poor posture. Exercise
therapists should emphasize the correct use of abdominal muscles in individuals with
high body fat which may in turn reduce the risk of secondary problems associated with
sedentary lifestyle.

WC and the WHR are the indirect measures of abdominal fat that have been shown
to be highly correlated with the trunk and abdominal visceral fat and regarded as good
predictors of abdominal visceral obesity [67]. WHR has been widely used as a person’s
health indicator and associated with the risk of developing serious health disorders. These
have also been correlated with changes in abdominal visceral fat during weight loss
among both men and women [68]. However, there are fewer studies that have studied
the relationship between the WHR and muscular strength, and the relationship between
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abdominal endurance and the WHR has been reported to be not significant [69]. The
current study is a correlation study and cannot establish a cause-and-effect relationship
between the variables. Future studies should try to establish the relation between the
WHR and muscle strength to further explain and classify the MVIC values as poor, normal,
moderate or high abdominal strength. Additionally, these studies should also focus on PBF
values and how they interpret normal weight, overweight and obesity.

Limitations

This study consisted of a small number of participants aged 18–28 years and with
a BMI of 18.5 to 24.9 kg/m2. Surface electromyography includes the limitation of crosstalk.
This study should be repeated in different age and ethnic groups to compare abdominal
muscle recruitment and anthropometric variables other than the BMI and WHR. We also
propose a similar large-scale study in the future to further evaluate such correlation on the
basis of gender.

5. Conclusions

The results of this study suggest that the PBF has a positive correlation with WC and
a negative correlation with RA and EO muscle strength. Participants with a high PBF tend
to have higher fat distribution over the abdominal region which may lead to decreased
abdominal muscle recruitment. Therapists should emphasize the correct use of abdominal
muscles in individuals with high body fat in order to decrease the associated risk of the
development of poor posture and LBP.
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