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Abstract

The aim of this study was to determine whether there is a connection between body composition and strength in
physically active women and whether the parameters of body composition are reliable enough when it comes to
muscle strength? The following scientific databases were used to search the literature: PubMed, MEDLINE, Google
Scholar in the period from 2001 to 2018. Studies have been included if they have shown values of strength and body
composition parameters and studies showing an association between body composition and strength in physically
active women. The total number of studies included in the systematization is 20, and they also refer to the
connection between body composition and muscle strength in physically active women. The results indicate that
BMI (body mass index) is not a good enough indicator of the state of muscle strength and in most studies BMI is not
statistically significantly associated with strength in physically active women. The results of other parameters of
body composition: F% (percentage of body fat), MM (muscle mass in kg) and LBM (lean body mass) show a higher
statistically significant correlation with strength, especially variables MM and LBM that are directly correlated with
muscle strength. Only works that included and measured a number of body composition parameters showed a
certain statistical correlation with strength in physically active women and based on a number of body composition
variables can be said and can be sufficiently reliable and relevant when it comes to muscle strength.
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Introduction

Low body fat percentage in women may be associated with adverse health consequences (Otis, Drinkwater,
Johnson, Loucks & Wilmore, 1997). Physical inactivity and overweight are leading risk factors and global mortality,
responsible for 6% and 5% of deaths worldwide (World Health Organization (WHO), 2010). The level of physical
activity also affects the incidence of a particular group of medical conditions, commonly referred to as chronic
infectious diseases, including cardiovascular disease, osteoporosis, depression, and diabetes type 2 (Demakakos,
Hamer, Stamatakis & Steptoe, 2010). Chronic non-communicable diseases usually develop in adulthood, but their
prevention should be done in other periods of the developmental phase in humans, in fact in childhood, adolescence
and youth (da Silva, Mussi, de Carqueira, Pitanga & da Silva, 2013). According to research statistics, men exercise
more in their free time than women. Such results were obtained by the authors Caspersen, Pereira, & Curran (2000).
They state that the level of physical activity is lower in women compared to men and that this relationship continues
with age. The study (Sun, Norman & While, 2013) also found that there is a gradual decline in the level of physical
activity with age in both the male and female populations, with women still being less physically active than men.
Data showing women’s involvement in physical activities show that almost half of those between the ages of 12 and
21 do not exercise regularly enough, 14% stated that they almost never exercise (Iréna, Anna & Anda, 2012).
Women who regularly participate in programmed exercise can improve their health status, reduce the risk of
degenerative diseases (eg osteoporosis), sarcopenia, the frequency of injuries, correct body composition values, and
improve their overall quality of life (Karlsson, Nordqvist & Karlsson, 2008; Borer, 2005; Kohrt, Bloomfield, Little,
Nelson & Yingling, 2004). Although in the past women have questioned the value of planned, programmed and
systematic training or even avoided it due to prejudice, religious or social levies, the evidence strongly suggests that
women are able to withstand the demands that training itself imposes on their bodies and adapt to them, as well as to
take advantage of all the benefits and advantages that training itself offers (Kraemer et al., 2001; Holloway et al.,
1989). Women generally have less muscle mass in the abdomen and upper extremities (Bishop, Cureton & Collins,
1987). Load training is one of the most suitable training units. In addition, in order to improve health status, physical
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fitness, weight loss, and injury reduction, it is now recommended that strength training be included in any
recreational training program exercised by the female population (Myer, Ford, Brent & Hewett, 2006 ; Myer,
Sugimoto, Thomas & Hewett, 2013; Sugimoto, Myer, Foss & Hewett, 2014). Several studies have shown that
subjects involved in some form of physical activity with exercise show higher bone mineral density compared to
inactive participants (Heinonen et al., 1995; Fehling, Alekel, Clasey, Rector, & Stillman, 1995; Witzke & Snow,
2000). Participation in some sports activities is mainly associated with a low percentage of body weight and an
increase in lean body mass (Pinheiro, de Lira, Vancini, Rayes & Andrade, 2018; Preto, Novo & Mendes, 2016). In
Silvestre, West, Maresh & Kraemer (2006), vertical jump values show a statistically significant correlation with the
percentage of body fat in football. Physical activity and mechanical load alone stimulate the development of muscle
mass and increase bone mineral density (Jiiriméde, S66t & Jiirimée, 2005). Most authors Visser et al. (1998); Visser
et al. (1998) observed a strong positive correlation between fat mass and "weakness" in cross-section in women.
Also, a significant association between functional limitation, body fat, and body fat percentage, as well as high body
mass index values, was previously established (Zamboni et al., 1999; Jensen & Friedman, 2002). However, since
body mass index can be considered an index of body fat and muscle mass, it is difficult to conclude which
component of body composition could be a stronger indicator of the presence of functional limitation. A number of
authors have found that it is possible to establish a relationship between levels of physical activity and muscle
strength and body composition (Michelin, Corrente & Burini, 2010; Reuter, Stein & Vargas, 2012; Zanovec,
Lakkakula, Johnson & Turri, 2009). Arm strength, measured with a hand-held dynamometer, is an important
predictor of overall muscle strength function and an indicator of health-related physical fitness. Ingrova, Kralik &
Bartova (2017) in their work come to results that show a weak correlation between arm muscle strength, as
measured by a hand-held dynamometer, and fat mass. The aim of this study was to determine whether there is a
connection between body composition and strength in physically active women by reviewing previous research.

Methods

The following electronic databases were used to search the existing literature: PubMed, MEDLINE, and Google
Scholar, for the period from 2001 to 2018. The search was performed using the following keywords (individually or
in combination): physical activity, strength, body composition, woman, and relationship. The search strategy was
modified for each electronic database, where possible, in order to increase sensitivity. All titles and abstracts were
reviewed for potential studies that could be included in the systematic review. In addition, lists of references from
previous systematic reviews and original research were reviewed. Relevant studies were obtained after a detailed
systematic review, provided that they meet the inclusion criteria. The inclusion criteria were: 1. a transversal study
on the relationship between strength and body composition written in English; 2. a study involving participants aged
18 to 50 (both men and women), taking into account only the results of the female population; 3. a study confirming
the link between body composition and strength in physically active women; 4. a study is included if it showed the
values of strength and physique parameters and if it indicated an association between physique and strength in
physically active women. Exclusion criteria were: 1. studies written in a language other than English; 2. participants
did not meet the age requirements; 3. the effects of a particular program of physical activity on the strength and
structure of the body; 4. results for the male population; 5. professional athletes or individuals who are not
physically active.

Results

After searching the available scientific databases, 105 papers were collected, which were originally selected by
search. After reviewing these works due to the subject of certain works that do not include the subject of our
research, based on the exclusion criteria, we had to reject 85 works because they did not deal with the relationship
between body composition and strength in physically active women. In total, the studies included in the
systematization are 20 and they also refer to the association of body composition with muscle strength in physically
active women Figure 1. The sample consisted of women aged 18 to 50 years. All research was of a transversal
nature. Body mass index, as one of the parameters of body composition, appears in all reviewed studies (Zaccagni,
Barbieri, & Gualdi-Russo, 2014; Witt & Bush, 2005; Bindiya, Gowda, Ashwini, & Roshima, 2017; Tomlinson et
al., 2014; Iréna et al., 2012; Pinheiro et al., 2018; Preto et al., 2016; Leblanc et al., 2015; Jirimée, S66t, & Jiirimée,
2005; Ingrova, Kralik, & Bartova, 2017; Bansode, Borse, & Yadav 2014; Hulens et al., 2001; Farideh, Leila,
Maryamaisadata, & Cobra, 2016; Mohammadi & Saberi, 2016; Esco, Olson, & Williford, 2010; Saghand &
Gholami, 2013; Schliissel, dos Anjos, de Vasconcellos, & Kac, 2008; Chandrasekaran et al., 2010; Koley & Singh,
2009; Koley, Kaur, & Sandhu, 2009) based on which a conclusion was made about the relationship between body
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composition and muscle strength in women. In addition to body mass index, body fat percentage, muscle mass, and
lean body mass were used, both in absolute and relative values (Zaccagni et al., 2014; Witt & Bush, 2005; Bindiya
et al., 2017; Iréna et al. ., 2012; Pinheiro et al., 2018; Preto et al., 2016; Jirimée et al., 2005; Ingrova et al., 2017,
Hulens et al., 2001; Farideh et al., 2016; Mohammadi & Saberi, 2016; Saghand & Gholami, 2013;), to make the
results more relevant in assessing the relationship between body composition and muscle strength Table 1.

Identification of studies via databases and registers
Id
en Records removed before screening:
tif Databases (n = 6.612) Duplicate records removed (n =
ic Google Scholar (n = 4.590) > 2.795)
ati PubMed (n = 1.958) Records marked as ineligible by
o Medline (n =63) automation tools (n = 2.795)
n Records removed for other
| reasons (n = 842)
>
Records screened > Records excluded
(n=380) (n=275)
l
¢ Reports excluded (n = 85)
S 1) Longitudinal studies, 2) studies
cr Reports assessed for eligibility pl written in a language other than
ee (n=105) English; 3) inappropriate age
ni categories, and 4) participants who
il had professionally taken part in
9 sport or individuals who were not
physical active (sedentary).
Studies included in review
(n=20)
In
cl
u
de

Figure 1. Schematic procedure for the collection, analysis and elimination of papers (Moher et al. 2010)
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Tabela 1. Systematic review and characteristics of papers included in the research

Name of  first Participants

Experimental program

author, year N

Zaccagni, L. et 354
al. (2014)

Bindiya, S. et al. 40
(2017)

Witt, K. A. et al. 106
(2005)

Tomlinson, D. J. 94
et al. (2014)

Age Sex  Body
composition
variables

215+29 F BMI (kg/m?), F
% and FM (kg)

18-40 F BMI (kg/m?) and
F%

Students  F BMI (kg/m?)
and F%

255+9 F BMI(kg/m?)

Power estimation

variables

Testing hand power
using a
dynamometer

Testing hand power

using a
dynamometer
Muscle mass

measured by skin
folds: triceps and
subskapular

Leg muscle strength
measured with a
dynamometer

Results

There is a
statistically
significant
correlation between
BMI and F with
muscle strength (=
0.622, p<0.001)
There is a
statistically
significant
correlation between
F% and right arm
muscle strength (r=
-0.360, p=<0.022),
and F and left arm
muscle strength (r=

-0.451, p=<0.003).
BMI did not show a
statistically
significant
association.
Tricepas and
subskapular  they

are significantly
related with BMI
(r=0.617, p<0.001).

BMI associated
with maximum
contraction torque

Conclusion

Physical activity plays an
important role in body
composition parameters.
Activity contributes to lower
F% values and BMI
balance.

Muscle strength of the arms
shows a statistically
significant association with
F%. Lower F% values affect
better hand strength values.

Higher BMI values were in
favor of increasing muscle
mass. Physical activity has a
positive  effect on the
parameters of body
composition and an increase
in muscle mass.

The muscular strength of the
lower extremities is quite
predetermined by the BMI
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Iréna, K. et al.
(2012)

Pinheiro, S. R. et
al. (2018)

Preto, L. et al.
(2016)

Leblanc, A. et al.
(2015)

54

67

148

220

20-25

24-40

20-28

20>

BMI(kg/m?), F%
and MM (%)

BMI  (kg/m?),
F% and LBM
(kg)

BM, BMI
(kg/m?), MM
(kg) and F%

BMI (kg/m2)

Hand grip measured
with a dynamometer

Isokinetic
dynamometer

Testing hand power
using a
dynamometer

Muscle strength of
the arms measured
with a dynamometer
and muscle strength
and muscle
endurance of the

(p<0.001)

BMI does not show
an association with
physical  activity
levels, while arm
muscle strength,
F%, MM (%) and
physical  activity
level (p=0.001,
r=0.587)

Leg muscle
strength and MOM
were  better in
subjects who
exercised more
often and had better
results in  body
composition
compared to
subjects who had
higher BMI and F%
values and lower
LBM (p <0.05)
There are
differences between
the levels of
physical  activity
and body
composition
(p=-012) and the
levels of physical
activity and muscle
strength (p=.005)
There is a weak
correlation between
BMI and arm
muscle strength (r=
0.134 - 0.397).

parameter.

Women who had higher
levels of physical activity
and lower levels of F%
shown Dbetter results in
muscle strength values.

There is a connection
between the value of body
composition and the value
of muscle strength. Body
composition can
predetermine  results in
muscle strength.

Women who are more active
have higher MM values,
lower F% levels. They
showed better results in
clenching their fists with
their right and left hand
compared to women who
were not physically active.

Various other factors can
affect a person's muscular
strength. BMI is not a
sufficient indicator of the
connection  with  muscle
strength.
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Ingrova, P. et al.
(2017)

Jiirimée, T. et al.
(2005)

Bansode, D. G. et
al. (2014)

Hulens, M. et al.
(2001)

227

106

80

21.76 F

F
19.28 F
39.7£122 F

BMI  (kg/m?),
F% and MM (kg)

BMI  (kg/m?),
LBM and F%

BMI (kg/m?)

BMI  (kg/m?),
F% and LBM

legs measured with
a dynamometer
Testing hand power
using a
dynamometer

Comparison of body
composition
parameters in
women who apply
strength training and
women who are not
active or engage in
other activities

Dominant arm
strength  measured
by dynamometer

Testing hand power
using a
dynamometer

A positive weak
correlation  exists
between BMI snow
arms (r=0.23
p<.001). The
highest correlation
was shown by the
parameters MM
and arm strength
(r=0.41  p<.001),
while F did not
show a statistically
significant
correlation with
arm strength.

BMI, LBM and F%
were  statistically
significantly
different in the
group that applied
strength  training
compared to
another group of
respondents
engaged in another
activity (p<.005)
There is a
statistically
significant
correlation between
dominant arm
strength and BMI
(p<0.05 r=0.350)

A statistically
significant
correlation  exists
only between arm
strength and LBM

The values of MM had the
greatest contribution and the
best indicator of the
correlation between muscle
strength and body
composition. MM is the best
and most reliable indicator
on the basis of which one
can talk about a person's
muscular strength.

The results show that the
parameters of body
composition depend on the
type of training and change
accordingly.

From the results, it can be
concluded that there is a

statistically moderate
correlation  between  the
parameters of body
composition and arm
strength.

The best indicator of body
composition parameters for
connection  with muscle
strength is LBM.
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Farideh,S. et al.

(2016)

Mohammadl, E.

et al. (2016)

Esco, M. R. et al.

(2010)

Saghand, M. R.

et al. (2013)

249

156

84

450

18-40 F
18-24 F
24.19+6.2 F
19-25 F

BMI  (kg/m?),
F% and LBM

BMI  (kg/m?),
F% and LBM

BMI (kg/m?)

BMI (kg/m?) and
F%

Motor tests,
assessment of
explosive arm

strength - medical
throwing

Motor tests,
assessment of
repetitive abdominal
strength.

Motor tests,
assessment of
repetitive abdominal
strength.

Testing hand power
using a
dynamometer

(p<0.01  r=0.28).
No statistically
significant
association was
found between
BMI and F with
arm strength.

There is a
statistically
significant
association between
BMI, F% and LBM
with explosive arm
strength results
(p=.001 r=0.206)
There is a
statistically
significant
association between
BMI and
abdominal strength
(p=.024  r=-0.20),
between F and
abdominal strength
(p=.0006 1=-0.24)
and LBM and
abdominal strength
(p=.043 r=0.18)
Statistically
significant
correlation between
BMI and repetitive
abdominal strength
(p=.01 r=-.52)

Statistically
significant
correlation between
BMI and arm
strength  (p<.001

Body composition values:
BMI, F% and LBM are
related and are one of the
indicators  for  assessing
muscle strength.

A positive  correlation
occurs only in  the
parameters of LBM and
abdominal strength, which
means that higher LBM
values imply higher values
in repetitive strength. BMI
and F% have a negative
correlation, which means
that lower values of BMI
and F% contribute to better
results in repetitive strength.

There is a connection
between the parameters of
body  composition and
repetitive strength. Higher
values of repetitive
abdominal strength imply
lower values of BMI.

The results conclude that
there is a statistically
significant but weak
correlation between body
composition and arm
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Schliissel, M. M.
et al. (2008)

Chandrasekaran,
B. et al. (2010)

Koley, S. et al.
(2009)

Koley, S. et al.
(2009)

1928

114

152

100

20> F
21£2 F
18-25 F
28.57£7.6 F

BMI (kg/m?)

BMI (kg/m?)

BMI (kg/m?)

BMI (kg/m?)

Testing hand power
using a
dynamometer

Testing hand power
using a
dynamometer

Testing hand power
using a
dynamometer

Muscle strength is
measured on a hand-
held dynamometer

r=0.257) and
between F% and
arm strength
(p=.001 r=0.238)
There is a
statistically
significant

association between
BMI and arm
strength (p<.005).
There is a
statistically
significant,
moderate
association between
BMI and arm
strength (p=.05
r=0.29)

There is a
statistically
significant,
moderate
association between
BMI and left and
right arm strength
(p<.01 r=0.217)

No statistically

significant
association was
found between

BMI and arm
strength

strength.

BMI  values can be
significant for assessing
upper extremity strength.

From the results, it can be
seen that there is a
connection  between the
parameters of body
composition and muscle
strength  of the upper
extremities.

BMI can be one of the
parameters on the basis of
which one can conclude
about muscle strength.

BMI values are not enough
to be able to draw a

conclusion about an
individual's muscular
strength.

Note: F - women; BMI — body mass index; F% - percentage of body fat; FM — body fat; MM — muscle mass; LBM — lean body mass; BM — body mass.
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Discussion

1. Body mass index ratio as one of the components of body composition with strength parameters.

Authors Zaccagni et al. (2014); Witt & Bush (2005); Jirimdeet al. (2005); Bansodeet al. (2014); Faridehet al.
(2016); Escoet al. (2010); Locks al. (2008) in their papers came to results that show that BMI values can be an
indicator of the relationship with muscle strength. The correlation values they obtained in their research are
statistically significant, moderate strength of correlation. Bansodeet al. (2010) concludes that BMI can be one of the
indicators on the basis of which it can be concluded about muscle strength. The results of the research show that
there is a correlation between the muscular strength of the arms, which was measured by a hand dynamometer, and
BMI (r = 0.350). In the paper Faridehet al. (2016) examined whether there is a correlation between explosive arm
strength and BMI. They found that there was a relationship between body composition and explosive power of the
upper extremities (r = 0.206). When it comes to the strength of the lower extremities and the relationship with BMI
in the research of Tomlinson et al. (2014) obtain results on the basis of which it can be said that there is a correlation
between body composition and leg muscle strength. In the works of a number of authors, the results of research
appear in which there is a statistically significant relationship between BMI and strength, but there is a weak
association (Leblanc et al. 2015; Ingrova, Kralik & Bartova, 2017; Mohammadl & Saberi, 2016; Saghand &
Gholami, 2013; Chandrasekaranet al. 2010; Koley & Singh, 2009). A number of studies have examined the
correlation of arm muscle strength, measured with a hand-held dynamometer, with BMI. Authors Leblanc et al.
(2015) in their paper, which included examinations of BMI and muscle strength of the lower and upper extremities,
found that there is a statistically significant relationship (r = 0.134 - 0.397) and that body composition is one of the
parameters associated with muscle strength. A number of authors have obtained results in which there is no
association of BMI with muscle strength in physically active women (Bindiya, Gowda, Ashwini & Roshima, 2017;
Irénaet al., 2012; Hulenset al., 2001; Koley, Kaur & Sandhu, 2009). Despite the fact that women were characterized
as physically active, BMI values alone are not enough to show a relationship with strength, because the BMI ratio kg
/ m? therefore does not depend only on body weight, which contains more fat or contains muscle The results of a
study conducted by several authors show that BMI is not a good enough and sufficient indicator and that it is not
possible to draw a conclusion about muscle strength based on a single indicator of body composition. Body mass
index is not a relevant indicator of muscle strength in physically active women. These results were obtained because
BMI is calculated as a kg / m2 ratio. The body weight of an adult woman can be composed mainly of fat deposits,
while in some women the percentage of muscle mass is higher. Due to such a calculation ratio, where the kg / m?
ratio is taken, it is difficult to draw conclusions about strength based on such indicators.

2. Relation of other parameters of body composition (F - percentage of body fat, MM - muscle mass and LBM - lean
body mass) with values of muscle strength

Research by Zaccagniet al. (2014); Bindiyaet al. (2017); Witt et al. (2005); Ingrovaet al. (2017); Jiirimdeet al.
(2005); Farideh et al. (2016); Hulenset al. (2001); Mohammadlet al. (2016); Saghandet al. (2013), in addition to
BMI, investigated the relationship of other (F, MM, LBM) parameters of body composition in relation to muscle
strength in women. As a result, all authors obtained that the values of F are highly correlated with strength. The
percentage of body fat shows the presence of fat deposits in the body. Physical activity, and especially activities that
contain a program of strength, of an aerobic nature, affects the reduction of F (Hughes et al., 2001). For this reason,
there is a correlation between F and muscle strength. In the paper Bindiyaet al. (2017) showed a statistically
significant negative correlation between right arm muscle strength and F (r = -0.360) and left arm muscle strength
with F (r = -0.451) these results suggest that individuals with higher F show weaker strength scores. A number of
authors (Ingrovéet al., 2017; Hulenset al., 2001) conclude based on the data they obtained that F does not show a
statistically significant association with left and right arm muscle strength and is not a sufficiently reliable indicator
of one's strength. However, in the same study, MM values showed a statistically significant moderate correlation
with strength (r = 0.41). Authors Irénaet al. (2012) found that the percentage of MM may indicate a state of muscle
strength and that there is a moderate relationship (r = 0.587). Hulenset al. (2001) although they did not find a
statistically significant correlation between BMI and F with muscle strength, they found that LBM is very important
for assessing one's strength. LBM is calculated and presented as a component of body composition, calculated by
subtracting body fat from total body weight. Body composition according to the American Association for Health,
Physical Education, Recreation, and Dance (AAHPERD, 1989) represents the ratio of adipose, muscle, and bone
tissue to total body weight. By calculating the LBM component of adipose tissue is "lost" and only muscle and bone
tissue remain. They found that the values of the association of LBM with muscle strength (r = 0.28). In assessing the
explosive power of the hands Farideh et al. (2016) concluded that only LBM of the examined variables (BMI, F and
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LBM) is in relation to power (r = 0.206). That LBM is weakly correlated with explosive power was also established
by MohammadlI et al. (2016) whose results suggest that there is a correlation in values (p <.043 r = 0.18).

Conclusion

In the comprehensive systematization of research which aimed at the connection between body composition and
strength in physically active women and whether body composition parameters are reliable enough when it comes to
muscle strength - we came to the following conclusions:

The authors concluded that BMI is not a good enough indicator of the state of muscle strength and in most papers
BMI is not statistically significantly associated with strength in physically active women. These results were
obtained because BMI is calculated as a kg/m?2 ratio. An adult woman's body weight can be made up of fat deposits,
while some women have a higher percentage of muscle mass.

The results of other parameters of body composition (F%, MM and LBM) show a higher statistically significant
correlation with strength, especially the variables MM and LBM which are in direct correlation with muscle
strength. Subjects with higher values of MM and LBM showed better results in muscle strength. Also, low values of
F are statistically significantly related to power parameters. Physically active women with low F had better results of
muscle strength in the muscle groups of the arms, legs and abdomen.

One of the reasons why the amount of muscle tissue and lean body mass are directly related to the amount of muscle
strength is that MM and LBM are components that are calculated or that directly contain the amount of muscle
strength, without adipose tissue parameters. On the other hand, F is one of the main parameters in the diagnosis of
body composition. All those values that are associated with low values of fat deposits have shown a significant
correlation with muscle strength. Only works that included and measured a number of body composition parameters
showed a certain statistical correlation with strength in physically active women and based on a number of body
composition variables can be said and can be sufficiently reliable and relevant when it comes to muscle strength.
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