sports

Brief Report

Anthropometric Measures, Muscle Resistance, and Balance in
Physically Active, Aged Adults

Filipe Rodrigues 12, Raul Antunes 123, Rui Matos 12, Miguel Jacinto 12, Diogo Monteiro 124*, Pedro Forte 455,
Antoénio Miguel Monteiro 45 and Tiago M. Barbosa 45

Citation: Rodrigues, F.; Antunes, R.;
Matos, R.; Jacinto, M.; Monteiro, D.;
Forte, P.; Monteiro, A.M.;

Barbosa, T.M. Anthropometric
Measures, Muscle Resistance, and
Balance in Physically Active

Aged Adults. Sports 2023, 11, 113.
https://doi.org/10.3390/
sports11060113

Academic Editors: Brendan O’Brien

and Eling de Bruin

Received: 29 March 2023
Revised: 5 June 2023
Accepted: 6 June 2023
Published: 6 June 2023

Copyright: © 2023 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

ESECS, Polytechnic of Leiria, 2411-901 Leiria, Portugal

Life Quality Research Center, 2040-413 Leiria, Portugal

Center for Innovative Care and Health Technology, 2410-541 Leiria, Portugal

Research Centre in Sports Sciences, Health, and Human Development, 6201-001 Covilha, Portugal
Department of Sport Sciences and Physical Education, Instituto Politécnico de Braganga,

5300-253 Braganga, Portugal

¢ ISCE Douro, 4560-708 Penafiel, Portugal

Correspondence: diogo.monteiro@ipleiria.pt

LS S

Abstract: Objectives: This study aimed to examine the relationship between age, body mass index,
muscle strength, and balance in physically active, aged adults. Methods: Eighty-five participants
were recruited for this study, having an average age of 70.31 years (SD = 9.90), ranging from 50 to
92 years. Twenty-six (30.6%) participants were male and fifty-nine (69.4%) were female. The partic-
ipants had an average body mass index of 27.30 kg/m? (SD = 3.62), ranging from 20.32 to 38.58 kg/m?.
Participants undertook the Timed-Up and Go to test balance, and the chair-stand test to assess lower
body strength. Hierarchical regression analyses were conducted. Three models (Model 1, 2, and 3)
were tested to assess their relationships with balance: M1—Lower body muscle strength; M2 —
Lower body muscle strength and body mass index; M3 —Lower body muscle strength, body mass
index, and age. Results: All hierarchical models displayed significant variance. The third model ex-
plained 50.9% of the variance in dynamic balance, [F(3, 81) =27.94, p <0.001, R=0.71, R>=0.51]. The
difference in Ra? between the first, second, and third models was statistically significant (p < 0.05).
Age, body mass index, and lower body muscle strength had significant (p < 0.05) correlations with
balance. In terms of the significant impact of each predictor, age had the strongest association with
balance (p < 0.05). Conclusions: The results are useful to understand mechanisms or diagnose people
at risk of fall.
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1. Introduction

The process of aging is an inherent phenomenon affecting all living organisms. Ad-
vancing age brings about a series of physiological changes that can significantly impact
overall health and well-being. These alterations have the potential to affect multiple bod-
ily systems, including the cardiovascular, musculoskeletal, nervous, and immune sys-
tems. In the context of the cardiovascular system, aging is associated with a reduction in
heart size and function, elevated blood pressure, and thickening of blood vessel walls.
Concurrently, musculoskeletal changes observed during the aging process encompass the
loss of muscle mass and strength known as sarcopenia, as well as the decline in bone
mineral density referred to as osteopenia. Such musculoskeletal changes contribute to an
increased susceptibility to falls and fractures, thus further compromising overall health
[1]. Age-related modifications in the nervous system entail cognitive impairments, includ-
ing memory decline and diminished processing speed, alongside changes in brain struc-
ture and function. Collectively, these alterations can lead to reduced physical fitness and
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heightened vulnerability to diseases and disabilities [2], particularly among the elderly
population [3]. Consequently, the physical fitness of older adults is significantly impacted
[4,5].

Physical fitness in older adults encompasses the capacity to engage in routine physi-
cal activities, such as walking, climbing stairs, and carrying groceries, without discomfort
or pain. This measure encompasses various factors, including strength, endurance, flexi-
bility, balance, and coordination. Sustaining physical fitness represents a fundamental as-
pect of healthy aging and plays a pivotal role in promoting overall well-being [6]. Muscle
strength emerges as a critical component of physical fitness, as it underpins balance, mo-
bility, and overall physical performance [7]. The aging process is inherently associated
with a decline in muscle mass and strength, culminating in reduced physical fitness and
an augmented risk of falls. Moreover, evidence suggests a potential association between
body mass index and diminished physical fitness, positing that increased fat mass may
impose mobility limitations, subsequently inducing a decline in physical activity [8]. Nev-
ertheless, the decrease in physical activity levels contributes to an increase in fat mass and
a decline in muscle strength, further exacerbating the deterioration of physical fitness
[9,10]. Balance assumes a crucial role in physical fitness and healthy aging. Throughout
the aging process, both physical fitness and balance decline, augmenting the risk of falls,
compromising independence, and diminishing overall quality of life. Research has con-
sistently demonstrated a robust association between physical fitness and balance among
older adults [7]. Specifically, individuals with superior physical fitness tend to exhibit bet-
ter balance, whereas those with inferior physical fitness face an elevated risk of falls and
injuries related to balance impairment.

Regular engagement in physical activity has been demonstrated to enhance muscular
function and strength, both of which play a pivotal role in improving balance [11]. The
existing literature has presented various exercise programs, including resistance, power,
and aerobic training modalities, aimed at enhancing functional fitness among older adults
[12], particularly in relation to balance and quality of life [13]. Furthermore, investigations
have explored the associations between balance, strength, and body composition [14].
However, the literature engages with a variety of tests and methodologies for assessing
balance, thereby impeding the ability to derive practical implications regarding the sig-
nificance of physical activity. Both static and dynamic balance exhibit relationships with
the risk of falls [14,15]. Common methods for assessing balance are based on static posture
and dynamic activities [16]. The use of photogrammetry, although valid, is time-consum-
ing and impractical for data collection in empirical settings [17]. A simple and valid
method for evaluating walking capacity is the Timed-Up and Go (TUG) test [12,18,19,20].
The TUG test, which assesses both motor and cognitive functions, can be employed to
evaluate dynamic balance due to its association with balance and falls. Moreover, it offers
a cost-effective alternative to photogrammetry or other related balance measures.

In light of the aforementioned associations, there is a need to comprehend the extent
of the relationships between lower limb strength, body mass index, and age concerning
balance among older adults. Such understanding can facilitate physicians in effectively
diagnosing balance impairments, which can significantly impact the quality of life of el-
derly individuals residing in the community. Nevertheless, the extent of these associations
within the aged population remains unclear. It is crucial to elucidate the effects of lower
limb strength, age, and body mass index on balance within a population vulnerable to
falls due to age-related factors. The results can unveil patterns and relationships in the
data, particularly the associations between physiological indicators that contribute to fall
risks. This study aims to identify potential risk factors for falls and other balance-related
injuries among physically active, older adults, thereby aiding in the development of effec-
tive fall prevention programs and interventions that can enhance overall physical fitness
and quality of life within this population. Additionally, the findings can serve as a basis
for generating hypotheses for further research regarding the implications of healthy aging
on body mass index, muscle strength, and subsequently, balance.
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An innovative aspect of this study lies in its focus on physically active, elderly indi-
viduals, a population that has received relatively limited attention in prior research [7,9].
By examining the experiences and behaviors of this specific group, new insights can be
gained regarding the ways in which physical activity can benefit older adults and contrib-
ute to healthy aging. Furthermore, this study includes individuals aged 50 and older, a
demographic often overlooked in studies on physical activity and healthy aging. By in-
corporating this age range, the study aims to provide a more comprehensive and nuanced
understanding of the advantages of physical activity for older adults. The primary objec-
tive of this study is to investigate the relationships between age, body mass index, muscle
strength, and balance among physically active, older adults. It is hypothesized that bal-
ance can be predicted by lower limb strength, age, and body mass index, with muscle
strength demonstrating a positive and significant association with balance.

2. Materials and Methods
2.1. Participants

To ensure the validity and reliability of our study, we utilized the a priori sampling
calculator for multiple hierarchical regression analysis [19] to determine the minimum
required sample size. Informed by existing evidence [12], we considered the number of
predictor variables in set A, the number of predictor variables in set B, probability level (a
=(.05), desired statistical power (1-3 = 0.80), and effect size (small effect with a value of
0.15). The calculator indicated a minimum sample size of 68 participants for the study
findings to be considered valid and reliable. Our study included 85 participants, with an
average age of 70.31 years (SD =9.90), ranging from 50 to 92 years. Among the participants,
30.6% (n = 26) were male and 69.4% (n = 59) were female. The average body mass index of
the participants was 27.30 kg/m? (SD = 3.62), ranging from 20.32 to 38.58 kg/m?. The par-
ticipants were actively involved in physical activities, including exercising at the gym or
fitness center, participating in community exercise programs, or following exercise rou-
tines at home. Physically active elderly individuals were defined as those engaging in reg-
ular physical activity and exercise at least twice a week.

In order to be eligible for participation in the study, individuals had to meet the fol-
lowing inclusion criteria: (a) be at least 50 years of age; (b) be in generally good health and
free from major chronicillnesses that would impede their participation; (c) have the ability
to walk independently or with assistance; (d) possess the ability to understand and follow
instructions, as well as provide informed consent; (e) reside in their own homes rather
than in a long-term care facility; (f) not be taking any medications that influence muscle
mass or function; (g) be actively involved in physical programs designed to promote ac-
ceptable levels of physical fitness. To ensure safety, individuals with a history of chronic
neuromuscular, cardiovascular, or metabolic conditions that could potentially pose a risk
during the study or evaluation periods were excluded from participation. These carefully
considered inclusion and exclusion criteria aimed to ensure the safety of participants and
enhance the accuracy and reliability of the study findings.

Prior to conducting the investigation, ethical institutional approval
(128/CES/INV/2013) was obtained. Given the researchers’ access to potential volunteers
through exercise programs associated with higher education institutions, a convenience
sampling strategy was employed to collect data. Objectives and data collection processes
were provided to the principals and managers for their review and approval. Subse-
quently, potential participants were approached during classes and invited to voluntarily
participate in the study. They were provided with detailed information regarding the
study objectives and procedures and were required to provide individual informed con-
sent before participation. No compensation was provided to participants for their involve-
ment in the study.
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2.2. Research Design

The present cross-sectional study was conducted with the aim of investigating the
factors underlying dynamic balance in community-dwelling, older individuals. Specifi-
cally, we explored the association and dependence of dynamic balance on age, body mass
index, and lower limb strength. To ensure consistency and reliability, all participants were
evaluated by the same evaluator. On the day of testing, participants engaged in an 8 to 10-
minute warm-up session under the supervision of a trained physical education teacher.

Previous research has examined balance in older populations using both static and
dynamic assessment methods [4]. However, the literature has emphasized the significance
of dynamic balance as it relates to independent engagement in daily activities and overall
physical fitness levels [1]. Consequently, we selected the Timed-Up and Go test as the
preferred method for assessing dynamic balance in this population. The functional fitness
test for older individuals incorporates a battery of tests designed to evaluate various com-
ponents of physical fitness, including lower limb strength [20]. Lower limb strength was
measured using the chair-stand exercise, a resistance exercise commonly utilized in the
literature for assessing lower limb strength [20].

2.3. Instruments and Procedures

Weight measurements were obtained from participants while wearing lightweight
clothing and without shoes, using a digital bioimpedance scale (Tanita BC-50, IL, USA),
prior to breakfast. Height measurements were taken using a digital scale with an attached
stadiometer (SECA®, Chino, CA, USA) to determine the distance between the vertex and
the reference plane on the ground. Body mass index (BMI) was calculated using the stand-
ard formula: BMI = weight (kg)/height? (m). Age was recorded in years.

To assess lower body strength and functional mobility, the chair-stand test was se-
lected [20]. This test involves determining the number of times an individual can stand up
from a chair and sit back down within a 30-s period. The researcher provided clear in-
structions to the participant, demonstrating proper standing and sitting techniques from
the chair. Participants were informed that the objective was to perform as many stand-ups
and sit-downs as possible within the given time. They were instructed to sit on the chair
with their back straight and feet flat on the floor. The participants were then instructed to
stand up fully and sit back down completely, without using their arms to push off the
chair. The stopwatch was initiated after verbal cues of “Ready, go!” Participants were re-
quired to continue standing up and sitting down as many times as possible within the 30-
s duration. At the end of the allotted time, the researchers announced “Stop!” and rec-
orded the total number of completed stand-ups and sit-downs. The test was repeated up
to two times, with the highest score used for analysis. Previous studies have established
the reliability and validity of the chair-stand test as a measure of lower body strength and
functional mobility in older adults [21]. Additionally, it has been identified as a predictor
of falls and functional decline, with a lower number of completed stands indicating a
higher risk of such incidents [21]. Due to its simplicity, cost-effectiveness, and ease of ad-
ministration, the chair-stand test is widely utilized in geriatric research and practice to
assess lower body function.

Furthermore, the Timed-Up and Go (TUG) test was employed to evaluate balance
[20]. The TUG test also serves as a measure of agility [22]. This test involves timing how
long it takes an individual to stand up from a chair, walk a distance of 2.44 m, turn around,
return to the chair, and sit back down. Participants were instructed to sit on the chair with
proper posture, with their feet flat on the floor. The researcher explained that they would
need to stand up from the chair, walk the specified distance, turn around, and then return
to the chair to sit down again. The stopwatch was initiated after verbal cues of “Ready,
go!” Participants were required to stand up, walk the designated distance, turn around,
and walk back to the chair. They then needed to sit back down, with the stopwatch
stopped when their back made contact with the chair’s backrest. Timing was recorded to
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the nearest tenth of a second. This test is considered a robust and reliable measure of bal-
ance in older individuals [21].

2.4. Statistical Analysis

To assess the normality of the distribution, the Kolmogorov-Smirnov test was em-
ployed. Bivariate Pearson correlations were conducted to examine the relationships
among the selected variables of interest. The postulated relationships were tested using
hierarchical multiple regression analyses. Prior to commencing the regression analysis,
the tolerance test and variance inflation factor (VIF) values were examined to identify and
address potential issues of multicollinearity [23]. Multicollinearity was considered absent
when the tolerance values for the independent variables exceeded 0.1. Furthermore, the
Durbin-Watson statistic test was performed to assess autocorrelation, with a range of 1.50
to 2.50 being deemed appropriate [24].

Hierarchical regression analysis is a statistical technique used to investigate the asso-
ciation between one or more independent variables and a dependent variable. In this anal-
ysis, the predictors are introduced into the model in a predetermined order. In the present
study, three models were constructed, with each model incorporating an additional inde-
pendent predictor variable. The first model included solely the first predictor variable, the
second model included both the first and second predictor variables, and the third model
encompassed all three predictor variables. The purpose of employing hierarchical regres-
sion analysis with one predictor in each model is to examine the unique contribution of
each predictor to the predictive capacity of the model. By systematically adding predictors
to the model, researchers can assess the impact of each variable on the relationship be-
tween the independent and dependent variables. The stepwise method was employed as
it allows for the inclusion of variables based on theoretical assumptions. Balance was cho-
sen as the dependent variable in the analysis. In Model 1, lower muscle strength was se-
lected as the sole independent variable. Model 2 included both lower muscle strength and
body mass index as independent variables. Finally, in Model 3, age was added to the pre-
vious two independent variables. The significance level for rejecting the null hypothesis
was set at 5% for all tests.

3. Results

Table 1 presents the descriptive statistics and bivariate correlations among the varia-
bles. The normality of the distribution was confirmed as evidenced by the non-significant
result of the Kolmogorov-Smirnov test (p > 0.05). Consistent with expectations, several
significant bivariate correlations were observed. Age exhibited a positive association with
body mass index and the Timed-Up and Go test, and a negative association with the chair-
stand test (p < 0.001). Body mass index demonstrated a positive association with the
Timed-Up and Go test and a negative association with the chair-stand test (p < 0.001).
Furthermore, the chair-stand test showed a negative association with the Timed-Up and
Go test (p <0.001).

Table 1. Descriptive statistics and correlations.

Variables

Correlation Matrix
1 2 3 4

Units M SD S K

1. Age

2. Body Mass Index
3. Chair-Stand

4. Timed-Up-Go Test

years 70.31 9.90 0.28 -0.34 1
kg/m? 27.40 3.62 0.87 049 0.36** 1
repetitions  19.96 6.85 0.32 -0.64 -0.35** -0.20* 1
seconds 6.35 4.52 2.20 130 0.64* 048* -0.38** 1

Notes: M = Mean; SD = Standard-Deviation; S = Skewness; K = Kurtosis; * p < 0.05; ** p < 0.01.

Table 2 displays the output of the hierarchical multiple regression analysis. Tolerance
values ranged from 0.78 to 1.00. Furthermore, the VIF values ranged between 1.00 and
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1.27. Hence, there were no multicollinearity issues in the dataset. The Durbin-Watson test
result yielded 1.30, which is deemed satisfactory. We examined the significance of the
model to see if it was substantially different from the null hypothesis. We looked at the R?
value to evaluate variation in dynamic balance.

Table 2. Standardized beta coefficients and explained variance.

Model B SE t R R AR? p-Value
Block 1 (B1) 0.382 0.136 0.136 <0.001
Lower body muscle strength -0.38**  0.07 -3.77
Block 2 (B2) 0.567 0.321 0.175 <0.001
Lower body muscle strength -0.30**  0.06 -3.19
Body Mass Index -0.43*  0.11 -4.60
Block 3 (B3) 0.713 0.509 0.188 <0.001
Lower body muscle strength -0.16*  0.06 -1.85
Body Mass Index 0.28 ** 0.11 3.32
Age -0.49**  0.04 5.56

Notes: 3 = standardized coefficients; SE = Standard Errors; t = t-test; R = adjusted r square; A =
differences; F = changes in significance. * p < 0.05; ** p <0.01

The regression model in B1 was statistically significant, showing that lower body
strength accounted for 13.6% of the variance in balance [F(1, 83) =14.18, p <0.001, R=0.38,
Ra? =0.136]. The second model (B2) explained 32.1% of the variance in balance, [F(2, 82) =
19.39, p < 0.001, R = 0.57, Ra? = 0.32]. The difference in Ra2 between the first and second
models was statistically significant (p <0.05). The third model (B3) explained 50.9% of the
variance in balance [F(3, 81) = 27.94, p < 0.001, R = 0.71, Ra? =0.51]. The difference in R.?
between the first, second, and third models was statistically significant (p < 0.05). As such,
when compared to the previous models, the final one is the most parsimonious. In the
three examined models, all independent variables had a significant (p < 0.05) effect on
balance.

4. Discussion

The primary objective of this study was to investigate the associations between age,
body mass index, muscle strength, and dynamic balance in older adults. Consistent with
our hypotheses, increased age and BMI were found to have a positive and significant cor-
relation with balance. Conversely, lower body muscle strength exhibited a negative and
significant association with balance, indicating a reduced risk of falling among older
adults. Notably, the participants in this study demonstrated better performance in terms
of muscle strength and dynamic balance compared to those reported in previous studies
[20,22,25]. This favorable outcome could be attributed to the participants” engagement in
regular exercise sessions aimed at promoting physical fitness. The beneficial effects of
physical activity on maintaining satisfactory levels of physical fitness, even in older adults,
have been well-documented [26,27]. Consequently, it is expected that physically active
older adults would exhibit greater muscle strength and dynamic balance compared to
their sedentary counterparts [26]. The ability of older adults to adjust their perceived effort
within the limits of their support base is crucial. However, maximal activation of muscle
strength may be constrained by various factors, including perceived ability or effort to
shift activation towards lower extremity muscles. Monteiro et al. [14] argued that older
individuals with higher muscle strength tended to have superior dynamic and static bal-
ance, resulting in a reduced perceived risk of falling. Addressing balance impairments is
a key objective of well-designed physical exercise programs tailored for older adults. The
findings of this study suggest that in preventive diagnosis of physical fitness decline, as-
sessing dynamic balance, along with lower body muscle strength and BMI, should be
taken into consideration. Enhancing dynamic balance through improvements in its
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determinant factors, such as lower limb strength and BMI, may have a positive impact on
fall prevention. Given that aging is associated with a decline in muscle mass and a poten-
tial increase in body fat, older individuals are prone to exhibit lower levels of physical
capacity [28]. Evidence indicates that the decrease in muscle strength, endurance, and
mass may be linked to diminished motor functionality and control [14,29], which in turn
leads to a decline in dynamic balance. Thus, there is some evidence suggesting that a lower
capacity to maintain static or dynamic balance is associated with an increased risk of falls
[14]. However, consensus is lacking in the literature, and further research is warranted to
explore the influence of muscle mass and muscle strength on static and dynamic balance.

Our findings corroborate previous research [4,30] that has highlighted a strong asso-
ciation between greater muscle strength, as measured by the chair-stand test, and dynamic
balance, as assessed by the Timed-Up and Go test. A prior study [14] demonstrated that
lower limb muscle strength serves as a predictor for various gait parameters, thus sup-
porting the validity of the proposed model in this investigation. However, it is important
to note that the chair-stand test encompasses multiple motor capacities related to muscle
strength, including strength, endurance, coordination, and balance [14]. Future studies
should incorporate measures of muscle mass to examine the combined association of mus-
cle mass and muscle strength with dynamic balance in older adults.

The current study suggests several areas for intervention to enhance or preserve
physical fitness in the later stages of life. Firstly, increasing physical strength in the elderly
population may lead to improved balance scores, subsequently reducing the risk of fall-
ing. For instance, Forte et al. [31] observed that enhanced physical fitness components,
such as muscular activation and balance, were associated with improved overall health
status in older individuals. Monteiro et al. [11] implemented a multicomponent training
program aimed at improving physical fitness and decreasing body mass index in the el-
derly, providing evidence for a significant association between increased muscle strength
and a reduction in body fat ratio. Thus, increasing muscle mass is advantageous as it is
linked to improved physical fitness. However, it should be noted that decreasing body
mass index may not always correspond to an increase in physical fitness. In cases of sar-
copenia and cachexia, a low body mass index may indicate muscle loss rather than low
body fat. In such conditions, enhancing muscle mass and strength becomes crucial for
enhancing functional outcomes and quality of life. Therefore, increasing body mass index
through the augmentation of muscle mass would likely benefit individuals with sarcope-
nia or cachexia. Secondly, considering the strong relationship between aging and body
composition, engaging in regular physical activity may be particularly beneficial in pre-
venting age-related health decline. Physical activity can help counteract many of the
changes associated with aging by promoting muscle activation and increasing metabolic
rate. Lastly, a deeper understanding of the physiological and psychological determinants
of dynamic balance, as well as factors related to fall risk exposure, would facilitate the
development of effective fall prevention programs.

Regarding the relationship between gait speed and falls, previous studies have indi-
cated that gait parameters beyond speed may play a crucial role [32,33]. It has been sug-
gested that measures of gait variability, which reflect the control processes of the brain,
could be more strongly associated with fall incidence than gait speed alone [33]. Therefore,
future investigations should consider incorporating measures of gait variability to gain a
more comprehensive understanding of the relationship between gait and falls in older
adults. In our study, we found a significant association between lower body muscle
strength and gait speed, suggesting that greater muscle strength may contribute to im-
proved gait performance. However, it is important to note that our model accounted for
only a portion of the variance in gait, leaving room for other factors to explain the remain-
ing variability. These factors might include other aspects of physical fitness, such as mus-
cle power or flexibility, which were not assessed in our study. Additionally, cognitive
function, sensory impairments, and psychological factors may also influence gait and con-
tribute to the unexplained variance. It is crucial to acknowledge the complexity of gait and
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falls in older adults and the need for a comprehensive understanding of the underlying
mechanisms. While our study contributes to the existing literature by highlighting the
association between lower body muscle strength, gait speed, and falls, further research
should explore additional variables that could potentially explain the remaining variance.
By incorporating a broader range of physiological, cognitive, and psychosocial factors, we
can enhance our understanding of the multifactorial nature of gait-related fall risks in
older adults [34]. Overall, this study supports the notion that gait speed and lower body
muscle strength play important roles in gait performance and fall prevention. However,
the current model’s ability to explain only 50% of the variance in gait highlights the need
for future research to investigate other factors that may contribute to the unexplained var-
iability. By considering measures of gait variability and exploring a wider range of poten-
tial determinants, researchers can develop more comprehensive models that enhance our
understanding of gait-related falls and inform effective interventions for older adults.

Limitations, Strength and Agenda for Future Research

The present investigation is not without limitations. Firstly, although statistically sig-
nificant, the sample size in our study was small, which restricts the generalizability of our
findings to other populations with diverse characteristics. Therefore, it is recommended
that future studies replicate our research with larger and more diverse samples. Addition-
ally, we suggest that future investigations explore potential sex differences in the associa-
tions we have identified. While our current findings provide valuable insights into the
factors influencing the outcome of interest, it is possible that there are sex-specific effects
that were not fully captured in our analyses. Another limitation is the lack of information
regarding underlying diseases among the participants, which could have influenced agil-
ity and muscle strength. Additionally, we did not quantify the occurrence of previous falls
in individuals. Furthermore, follow-up studies could advance our understanding by ex-
amining the variables underlying the improvement in lower limb strength through the
measurement of morphological changes in muscle mass and neuromuscular adaptations.
While our findings offer valuable insights into the relationship between anthropometric
measures, muscle resistance, and balance, it is important to acknowledge that our study
encompassed a broad age range of older adults. This may limit the generalizability of our
results to specific age groups. To address this limitation, future studies could focus on
comparing the current results across different age cohorts. This would provide a more
nuanced understanding of how the variables of interest may vary throughout the lifespan,
particularly in older age groups where age-related factors may exert a greater influence.

One strength of our research lies in the inclusion of physically active, older adults
who engaged in exercise programs specifically designed to promote adequate levels of
physical fitness. Our results support the significant association between increased
strength and decreased body mass index, which may contribute to a reduced risk of falls
in physically active, older adults. It is worth noting that dynamic balance was assessed
through functional field tests, and thus, future studies should incorporate specific tests to
measure and assess fall risk and agility.

5. Conclusions

The study findings suggest a potential association between muscle strength and dy-
namic balance in older adults. The results indicate that greater muscle strength may be
related to improved dynamic balance in community-dwelling, older individuals. Addi-
tionally, lower body mass index scores appear to be associated with better dynamic bal-
ance. However, it is important to note that the cross-sectional nature of the study design
limits our ability to establish a causal relationship between muscle strength, balance, and
functional capacity in the elderly.

While muscle strength is considered an important component of physical fitness, it
is crucial to recognize that achieving acceptable levels of agility and balance is essential
for the effective performance of daily tasks in older adults. Therefore, interventions such
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as strength and balance training may have potential significance in improving the auton-
omous walking ability and enhancing functional capacity in this population. However, it
is important to exercise caution in interpreting these findings, as they are based on obser-
vations and do not provide definitive evidence of a causal effect. Further research utilizing
longitudinal designs and rigorous methodologies is needed to establish a clearer under-
standing of the relationship between muscle strength, balance, and functional capacity in
older adults.
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