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Abstract: Physical activity (PA) can bring incalculable benefits to people throughout the aging process.
The objective of this study was to determine the relationships between the leg and arm strength,
body composition and balance of elderly people. Twenty-one people (9 men and 12 women) over
60 years of age voluntarily participated in this study. Bioimpedance tests were carried out to obtain
body mass data, manual dynamometer tests and the lower limbs test were conducted to obtain
strength values, and the stork balance stand test was conducted to assess static balance. As a result,
medium-high correlation coefficients were obtained between the aforementioned dependent variables.
The highest value corresponded to the relationship between the results of the dominant hand strength
test (right hand in all participants) and the lean body mass (LBM) of the participant (R2 = 75%,
p < 0.001). The results indicated that strength capacity, recorded by dynamometry, and balance ability
have a direct relationship with the body composition of the subject, especially with their lean body
mass. These data suggest that a greater lean body mass can provide greater strength and balance in
the elderly, so it would improve or have greater duration the functionality and independence of the
person, thereby justifying direct benefits in people and indirect benefits in public administrations that
finance these social issues.
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1. Introduction

Once maturity is reached by an individual and as they age, their physical ability progressively
and inevitably deteriorates, and at the same time, various degenerative diseases may develop [1].
Maintaining an adequate level of muscular strength is considered necessary to independently perform
daily activities [2]. A decrease in fat-free mass (FFM), initially caused by a loss of skeletal muscle mass
as well as bone mineral, affects muscle strength and increases the risk of disability and weakness in the
elderly population [3].

In addition, obesity is considered the second leading cause of preventable death (following tobacco
use). Along with a sedentary lifestyle, obesity is one of the main risk factors for a large number of
diseases and health problems, including hypertension, hypercholesterolemia, adult diabetes, coronary
heart disease, certain types of cancer and many other chronic diseases [4]. There is evidence that
regular physical activity (PA) can slow the degenerative processes typically associated with aging [5].
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PA has been shown to an increase in bone density, and in general, regular vigorous PA at any age is
believed to improve individuals’ health [6].

One of the constant concerns on the part of public administrations is suffering from chronic
diseases caused by changes in body composition (increase in fat mass, FM) [7]. In this sense, lean body
mass (LBM) and FM are body composition states that vary constantly and are closely related to the
aging process [8,9]. In addition, a strong relationship has been established between decreased muscle
strength, physical capacity, quality of life and loss of fat-free mass. [10].

Aging can lead to variations in body composition when one is middle-aged and thereafter [11],
including an increase in FM, a reduction in LBM [12,13] and a loss of height due to compression of the
vertebrae and a progressive curvature of the back [14]. Moreover, from the age of approximately 65 to
75–80, 25% of an individual’s total muscle mass is lost [15].

Previous studies have investigated the benefits of physical activity on body composition [16–21],
cardiovascular risk factors [20,21] and physical condition [17,22,23]. Physical condition encompasses
the so-called physical qualities, which include resistance in its different manifestations, muscle
strength, speed, joint mobility, coordination qualities and balance. (However, all studies indicated
that participants were taking medications.) These physical qualities have been proven to impact an
individual’s health, but scientific evidence shows that aerobic capacity and strength in particular have
the most relevance [24].

On the other hand, authors must consider that performing physical activity also plays an important
role in total daily energy expenditure, which contributes to the regulation of body weight [25,26].
In addition to physical benefits, physical activity is associated with psychosocial welfare benefits [27].
While technological advances have led to an increase in the life expectancy of people in developed
countries, they have also led to the emergence of diseases caused by sedentary lifestyles. Thus, there is
a worldwide interest in preventing such diseases and promoting health through the implementation of
active lifestyles [28]. So, the objectives of this study were to determine the relationships between the
leg and arm strength, body composition and balance of elderly people, and to create formulas that can
predict results of physical tests through body composition values such as LBM.

2. Materials and Methods

2.1. Participants

Twenty-one people over 60 years old, including nine men (63.9 ± 1.1 years; 65.0 ± 12.5 kg;
162.0 ± 7.6 cm) and twelve women (62.1 ± 2.9 years; 70.5 ± 10.2 kg; 164.0 ± 8.1 cm), were selected.
All participants were residents in the province of Malaga. All were fully capable of moving both their
arms and legs, and did not suffer from any disease or pathology that could affect the results of the tests
that were to be carried out. The objectives of the study were explained, and voluntary consent was
obtained from each participant once it was determined that they met the inclusion criteria. This study
was performed in accordance with the provisions of the Helsinki Declaration [29], and the Ethics
Committee of the University of Malaga approved the completion of this study.

The inclusion criteria were an age older than 60 years, and the absence of a pathology related to
the musculoskeletal or cardiorespiratory system that could affect the results of the tests. In addition,
individuals suffering from high blood pressure were excluded, since all of them were taking medications
that may have affected the outcomes of the strength tests.

2.2. Instruments

A TANITA scale (SC-230, Japan) was used to calculate the electrical bioimpedance. The standard
technique was followed, which is detailed in another study as follows [6]:

• Do not eat or drink for at least 4 h prior to testing.
• Do not practice any PA for at least 4 h prior to testing.
• Do not consume alcohol for at least 24 h prior to testing.
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• Empty one’s bladder 30 min before testing.
• Remove any metal objects, such as jewellery and watches, prior to testing.

The Grip Strength Dynamometer (Takei Kiki Kogyo, Tokyo, Japan) was used for hand
dynamometry (5401 Grip-D, Takei Scientific Instruments®). The measurement protocol for this
instrument was followed, which involved holding the arm extended and near the body, with the
dynamometer screen facing outward. Subsequently, the participant was asked to generate a strong
and progressive pressure against the dynamometer handle (approximately 3 seconds). This test was
performed twice for each participant, with a one-minute break between the two attempts. The best
result obtained (in kg) in the two attempts was used for analysis [30].

To measure the dynamics of the lower extremities, a specific dynamometer was used. The protocol
was as follows: the participant stood on the support platform of the dynamometer with their legs
semiflexed (to an angle of 150◦, measured with a universal goniometer, 0-180º, Stainless Steel), trunk in
an upright position, arms extended and hands maintaining the grip. The goal of the test was for an
individual to extend their leg for approximately three seconds without losing their grip or upright
posture. The needle of the dynamometer indicated the maximum force. The test was performed twice
for each participant, and one minute of rest between trials was provided. The best result obtained
(in kg) in the two attempts was used for analysis [30].

The stork balance stand test was used to measure each participant’s balance while they stood on
one foot. Each subject stood barefoot on a carpet with their hands on their waist, and placed one foot
on the inside of the knee of the other leg for support. The recorded time began when the participant
lifted one foot off of the ground [31]. The recorded time ended when one or both hands separated from
the waist, the support foot changed position (moved), or the foot resting on the opposite knee lost
contact. The results of the stork balance stand test is explained in Table 1.

Table 1. Categories of results from the stork balance stand test.

Category Seconds

Excellent >50
Good 40–50
Mean 25–39

Regular 10–24
Poor <10

2.3. Procedure

The participants were given an informed consent form explaining what would be involved in this
study. Once the participants had understood the study and signed the form, they were administered a
medical questionnaire to verify that they met the inclusion criteria and to collect sociodemographic data
(age, sex, work performed, etc.). The questionnaire and tests were administered on the same day, so the
timing of the study protocol was coordinated with the participants’ schedules. The order of the tests
was as follows: the assessments of body composition (bioimpedance); the grip strength dynamometer
test; the stork balance stand test; and the strength dynamometer lower limb test. With each participant,
the research team performed the tests in a maximum time of 10 min.

2.4. Statistical Analysis

For the statistical analysis of the variables, the Shapiro–Wilk test was performed to test the
normality of the data set. After the sample data were confirmed to follow a normal distribution,
quantitative descriptive analysis (mean, standard deviation, variance, maximum, minimum) was
performed. Subsequently, the Pearson correlation coefficient was used to analyse the quantitative
variables. Finally, we proceeded to perform linear regression tests (stepwise) to determine the coefficient
of determination between the dependent variables analysed. For all analyses, the statistical programs
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SPSS 23 for Windows (SPSS Inc., Chicago) and Microsoft Excel 2010 (Microsoft Corp, Redmond,
Washington, USA) were used.

3. Results

Table 2 shows the correlation coefficients corresponding to the relationships between limb
strength and body composition. There was a moderate correlation between leg strength and the body
composition variables. There was a strong correlation between manual prehensile strength (right hand,
which coincides with the dominant hand) and LBM and total body water. These correlations were
similar to those of the nondominant hand (left hand, predominantly), although the latter correlations
were weaker.

Table 2. Pearson’s correlation coefficient.

Strength: Left Hand
(kg)

Strength: Right Hand
(kg)

Strength: Legs
(kg)

Impedance (Ohm) −0.594**
−0.671**

−0.519**

Fat Mass (FM) (%) −0.609**
−0.455**

−0.445**

Lean Body Mass (LBM) (kg) 0.782** 0.833** 0.705**

Total Water (kg) 0.787** 0.842** 0.699**

* p < 0.05; ** p < 0.01

Next, the relationship between leg strength and balance performance was studied (Figure 1).
The Pearson correlation test showed a moderate correlation between both variables (r = 0.489, p = 0.025).
Subsequently, the coefficient of determination suggested that the result of the equilibrium test was
explained by 16% of the variance of leg strength (R2 = 0.162; p < 0.05; Formula 1).

Test Stork stand = 1.7728 + (0.0119 ∗ Strenght legs) (1)

Formula 1. Formula for predicting balance performance from leg strength.
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Figure 1. Relationship between leg strength and balance performance.

On the other hand, the relationship between the LBM of an elderly person and the leg strength
and manual prehensile strength generated by the dominant hand was calculated (Figures 2 and 3,
respectively). The coefficients of determination show that 57% and 75% of the strength in the legs
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and in the dominant hand, respectively, are explained by the LBM (R2 = 0.571, p <0.001; R2 = 0.745,
p <0.001; Formulas 2 and 3).

Strength Legs Test = −47.808 + (2.166∗LBM) (2)

Formula 2. Formula for predicting leg strength from the LBM determined by impedance.

Strength Dominant Hand = −11.325 + (0.925∗LBM) (3)

Formula 3. Formula for predicting the manual prehensile force (dominant hand) from the LBM
determined by impedance.
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4. Discussion

The objective of this study was to determine the relationships between the leg and arm strength,
body composition and balance performance of elderly people. The results showed that there are strong
relationships between these variables. On the one hand, LBM has a strong relationship with both
manual prehensile strength and the lower limbs. This result was mainly caused by the relationship
between larger muscle mass and strength parameters [26], and in addition, this force can cause a better
balance capacity, as shown in a previous study [6]. In the present study, this relation had a correlation
coefficient of r = 0.49, and in the study by Castillo-Rodríguez and Chinchilla Minguet, the coefficient
was 0.52 [26].

Several studies have confirmed that low muscle strength, both in the legs and in a manual grip,
can be a strong and independent predictor of earlier mortality in older people [32,33]. Manual grip
strength is also suggested by scientists as an indicator of sarcopenia [34], which is characterized by a
loss of muscle mass. Sarcopenia is common in older people, and its incidence increases with age [35].
Grip strength is currently much easier to measure, thus has greater potential than would isokinetic
dynamometry for incorporating into clinical practice [36]. Nonetheless, the relationship between
muscle strength and LBM (whole-body or regional) is well stated [37]. This relationship has been
found to be stronger (R2 = 0.70) when the leg strength is not isometric, but isotonic [38]. In our study,
the relationship between LBM and the isometric force reached a mean statistical force of (R2 = 0.57).

For these reasons, physical activity is recommended and considered a preventive factor for health
issues; with healthy nutritional habits, it can improve physical ability and body composition [27].
The type of physical activity must also be chosen by each person based on their level of enjoyment [39].
In this way, there is a high probability that the person will not abandon the practice and will be
motivated to perform the activity frequently [39,40].

This study presents a series of limitations. First, regarding the sample size, it is very challenging
to recruit for a study a large number of people over 60 years old who do not have pathologies such as
hypertension and diabetes, which affect the results of physical tests in part due to the benefits of the
medication consumed; 33% of the Spanish population over 60 years old suffer from hypertension [41].
In addition, diabetes mellitus causes cognitive damage that worsens coordination skills, such as
balance [42]. Second, studies with a larger number of variables or analyses of other health-related
capacities should be conducted to determine additional benefits of having more LBM, specifically
regarding aerobic resistance or range of movement (flexibility), which were not studied in this
manuscript. Finally, a physical activity intervention program should be developed and tested to
determine whether the effect observed in the pretest is maintained or improved in the posttest, which
may lead to more robust conclusions.

5. Conclusions

The main findings of this study showed that physical abilities, specifically strength and the ability
to balance, are directly related to the body composition of older people, especially their LBM. The LBM
of the elderly people evaluated accounted for 57% and 75% of the strength in their legs and in their
dominant hand, respectively. For these reasons, the population over 60 years of age is encouraged
to participate in physical activity programs to improve their physical and coordinative abilities and
therefore improve their body composition, specifically their LBM. In addition, this improvement in
LBM will increase their basal metabolism, causing a decrease in their risk for obesity and other related
pathologies. The results of this investigation should be taken into account with caution for two reasons.
The first reason is the sample limitation; the second reason is the peculiarity of the sample consisting
entirely of healthy subjects who do not ingest medications. As a practical application, specifically, the
objective of this manuscript was to find relationships of body composition variables with variables
extracted from physical tests, as well as to determine how strength (physical quality) influences balance
(coordinative quality). If the adult population is able to practice physical activity and reach old age
with reduced risk factors, this physical condition will have a positive impact on the sarcopenia process
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and on the functionality and independence of the elderly. Strength, balance and fat-free mass (muscle
and bone) are responsible for a person’s functionality. Furthermore, these predictive models can be
used in coordination by medics, therapists and experts in physical education in the management and
control of the load during exercise sessions, as well as for the estimation of the muscular strength of
the whole body with satisfactory precision that can report the benefits mentioned.
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