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Abstract
The primary objective of this study was to analyze the moderating 
effect of body mass index (BMI) on the association between lower 
body strength, agility, and dynamic balance, considering the mediating 
influence of lower body flexibility and aerobic endurance in community-
dwelling older adults. This study included a sample of 607 community-
dwelling older adults (female = 443; male = 164) aged between 60 and 
79 years (M = 69.24; SD = 5.12). Participants had a mean body mass 
index of 28.33kg/m2 (SD = 4.45). In the mediation-moderation model, 
positive associations were found between lower body strength and lower 
body flexibility, aerobic endurance, and agility and dynamic balance (p 
< 0.05). As for the moderation effects and interactions, BMI was found 
to have a significant interaction with lower body strength on agility and 
dynamic balance (β = -.04, [-.06, -.03]), representing an R2-change of 
0.04 (p < .001). Conditional direct effects were estimated at BMI scores 
of 23.9 (β = -.09, [-.15, -.03]), 27.7 (β = -.19, [-.24, -.14]), and 32.7 (β 
= -.33, [-.40, -.26]) kg/m2. Older adults with high levels of muscular 
strength tended to have shorter timed up-and-go test times, regardless of 
BMI. Also, individuals with lower levels of lower body strength were 
found to have longer timed up-and-go test times, and this relationship 
became more pronounced with increasing BMI.

Key words: Body mass index, older adults, physical fitness.  

Introduction

Muscle strength is crucial for maintaining quality 
of life and independence as individuals age (1–3). 
According to current assumptions, higher levels 

of muscle mass and strength in older adults also represent 
greater fitness capacity and are key contributors to reducing 
the risk of falls. Given that falls have a prevalence rate of 
approximately 33% for individuals aged 65 and above (4) and 
that it tends to increase with age (5), it is evident that the ability 
of muscle fiber contraction and neuromuscular activation can 
lead to a lower incidence of falls (6). Furthermore, older adults 
who have fallen have a higher risk of recurrence and may 
become increasingly reliant on others or even institutionalized. 
Additionally, the fear of falling can lead to a reduction in 
physical activity, which in turn leads to a gradual loss of muscle 
mass and strength, potentially indicative of sarcopenia (7). This 
downward spiral between muscle strength and risk of falls has 
been associated with an increase in body composition in the 
form of body fat. Indeed, the reduction in physical activity 

in the population has led to lower caloric expenditure, with a 
maintenance or possibly an increase in caloric intake that is 
stored in the body as fat. This increase in body composition 
associated with low levels of physical activity and muscle 
strength may further increase the risk of falls (8–10). 

Muscle plays a significant role in not only the ability to 
generate force but also in locomotion speed and flexibility, as 
demonstrated by several authors (11, 12). Maintaining muscle 
mass enables individuals to perform daily tasks that require 
force generation, such as picking up objects from the ground, 
and muscle endurance is also important for activities like 
walking, climbing and descending stairs, and maintaining 
basic activities of independence and autonomy in older adults. 
Research suggests that higher levels of muscle strength are 
associated with aerobic endurance due to muscle activation 
during aerobic activities, such as walking (13). Moreover, 
physical movements that involve strength and performed with 
greater ranges of motion, such as picking up objects from the 
ground, lead to the preservation of flexibility (14). In the case 
of community-dwelling older adults, tasks previously described 
are essential; thus, higher levels of physical fitness are crucial 
for a higher quality of life and lower risk of falls.

There is empirical evidence demonstrating a relationship 
between physical fitness and fall risk (15, 16), although it 
remains unclear whether muscle strength alone is the 
most salient factor. Mediation analysis could elucidate the 
connection between muscle strength and the risk of falls. 
Additionally, investigating Body Mass Index (BMI) allows 
for an examination of its potential moderating role in the 
aforementioned relationship. Unlike conventional analyses, 
such as correlation and mean group comparison, moderation 
analysis affords insight into how associations may vary in 
response to the moderator variable’s effect. In the proposed 
study, we sought to determine whether BMI would affect 
the correlation between muscle strength and the risk of falls. 
Drawing on prior theoretical foundations, it was proposed 
that physical fitness categories, such as flexibility and aerobic 
endurance, would mediate the relationship between muscle 
strength, agility, and dynamic balance, which collectively serve 
as an indicator of fall risk. Furthermore, we hypothesized that 
BMI would exert a moderating influence on these associations, 
suggesting that a higher BMI would have a considerable impact 
on the relationship between lower body strength and the risk 
of falls. The primary objective of this study was to analyze the 

Muscle Strength Matters Most for Risk of Falling Apart from Body Mass 
Index in Older Adults: A Mediated-Moderation Analysis       
F. Rodrigues1,2, M. Izquierdo3, D. Monteiro1,2, M. Jacinto1,2, R. Matos1,2, N. Amaro1,2, R. Antunes1,2, D.S. Teixeira4,5

1. ESECS – Polytechnic of Leiria, Leiria, Portugal; 2. Research Center in Sports, Health, and Human Development, Vila Real, Portugal; 3. Navarrabiomed, University Hospital of 
Navarra (HUN), Public University of Navarra (UPNA), IdiSNA, Pamplona, Spain; CIBER of Frailty and Healthy Aging (CIBERFES), Carlos III Health Institute, Madrid, Spain;  
4. Faculty of Physical Education and Sport - Lusófona University of Humanities and Technologies, Lisbon, Portugal; 5. Research Center in Sport, Physical Education, and Exercise and 
Health, Lisbon, Portugal

Corresponding Author: Miguel Jacinto, Polytechnic Institute of Leiria, Portugal, miguel.s.jacinto@ipleiria.pt

J Frailty Aging 2024;in press
Published online September 10, 2024, http://dx.doi.org/10.14283/jfa.2024.68



2

MUSCLE STRENGTH MATTERS MOST FOR RISK OF FALLING APART FROM BODY MASS INDEX IN OLDER ADULTS

moderating effect of BMI on the association between lower 
body strength, agility, and dynamic balance, considering the 
mediating influence of lower body flexibility and aerobic 
endurance in community-dwelling older adults.

Methods

Participants

Prior to conducting the study, sample size calculations were 
performed according to the recommendations of several authors 
(17–19) and the G*Power for simulations (20). Fritz and 
MacKinnon’s recommendations for small α and β paths (the 
most restrictive condition when 1-β = .80) indicate a minimum 
of 558 individuals. For a simple moderation simulation (one 
moderator) using f2 = .15, α = .05, and 1-β = .80, a sample 
size greater than 77 is recommended. Considering that no clear 
indication exists on how to calculate an adequate sample size 
for the model under study, we selected a sample size that would 
(i) surpass the simulations performed under the most restrictive 
conditions of mediation and (ii) the minimum number of cases 
for the number of interactions to be tested.

Participants were included in the study if they met the 
following inclusion criteria: aged between 60- and 80-years old 
living in the community, not suffering from cognitive disorders, 
not having medical contraindications for physical fitness and 
body composition tests, voluntarily participating, and being able 
to move autonomously or with the use of a manual mobility 
device.

Procedures

Before data collection began, approval was obtained from 
the ethics committee (numbers omitted for review purposes). 
Subsequently, an existing community program in central 
Portugal with over 1000 registered participants, was contacted 
for convenience. After obtaining authorization from the 
municipal council, the program directors were contacted, and 
the objectives of the study were explained to them. All the 
participants met the inclusion criteria. Potential participants 
were informed of the study objective, anonymity, voluntary 
participation, and withdrawal at any time. Physical fitness tests 
and body composition measurements were also performed. The 
technical team received specific training on how to collect the 
data. All potential participants who wished to participate in 
this study signed an informed consent form before undergoing 
the physical fitness tests and body composition measurements. 
All participants who consented to participate underwent the 
tests at the beginning of the sport season, namely in September 
and October, following a one-month break during the vacation 
program.

Instruments

The 30-second chair stand test (21) was used to assess lower 
body strength. During the test, the participant was seated in a 

chair, crossed their arms, and instructed to perform repeated 
movements of standing up and sitting down in the chair for 30 
s, with the aim of completing as many repetitions as possible.

The chair sit and reach test (21)  was used to assess lower 
body flexibility. During the test, the participant sat in a chair, 
extended the dominant leg forward with the foot flexed, then 
leaned forward, trying to reach as far as possible towards the 
feet, keeping the knee in complete extension with one palm 
overlapped on the other, and the reached (or not reached) 
distance was recorded.

The 2-minute step test (21) was employed to evaluate 
aerobic endurance. The participants were instructed to step 
up and down a 12-inch step for 2 minutes continuously. This 
test assessed the efficiency of the cardiovascular system in 
sustaining physical activity over a prolonged period, and the 
maximum steps were recorded.

The timed up-and-go test (21) allows the evaluation of 
agility and dynamic balance, indicating the risk of falls. It 
consisted of walking a distance in a straight line, starting from 
a seated position in a chair, going to a cone placed 2.44m away, 
circumventing it, and returning to the initial chair. During the 
test explanation, the importance of rising, walking quickly 
without running, circling the cone, returning to the chair, and 
sitting down again was emphasized. An initial measurement 
was conducted for familiarization. The time required to 
complete the test was determined.

Height was measured using a portable Seca 213 stadiometer 
with an integrated leveler (GmbH & Co. KG; Hamburg, 
Germany). Participants were positioned with their backs on a 
wall where the stadiometer was fixed, ensuring contact of the 
back of the head, back, and buttocks with the wall. With the 
weight evenly distributed on both bare feet and heels together 
and touching the wall, participants were instructed to look 
straight ahead, inhale, and hold their breath. The stadiometer 
gauge was then lowered to the highest point of the head, and 
measurements were recorded. Weight was measured using the 
Seca 761 brand scale (GmbH & Co. KG, Hamburg, Germany) 
was placed on a stable surface. The participants were weighed 
without shoes or coats, keeping the rest of their clothing. They 
were instructed to step on the scale with their feet on the scale’s 
reference, looking straight ahead, and remaining still during the 
measurement. Body mass index (BMI) was calculated using the 
following formula: BMI (kg/m2) = weight (kg) / height2 (m).

Statistical analysis

All statistical analyses were performed using the IBM SPSS 
Statistics 29.0 (IBM, Armonk, USA). Descriptive statistics 
were calculated using the mean and standard deviation. 
Bivariate correlations were also calculated to understand 
possible associations between variables. Subsequently, 
a mediated-moderation model was developed following 
the recommendations proposed by Hayes et al. (18) using 
PROCESS version 4.2, and model 5 for hypothesis testing. 
This model assumes the existence of an independent variable 
(lower body strength), parallel mediators (lower body flexibility 
and aerobic endurance), a dependent variable (agility and 
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dynamic balance), and a moderator (BMI as a continuous 
variable). The values were conditioned at the 16th, 50th, and 
84th percentiles. A bootstrap with 5,000 samples was used for 
the 95% confidence interval estimation, and significant effects 
were considered if the interval did not encompass zero.

Results

This study included a sample of 607 community-dwelling 
older adults (female = 443; male = 164) aged between 60 and 
79 years (M = 69.24; SD = 5.12). Participants had a body mass 
ranging from 45 kg to 122 kg (M = 71.78; SD = 12.35) and a 
height ranging from 1.30m to 1.89m (M = 1.59; SD = 0.07). 
Regarding age groups, 323 participants were aged between 60 
and 69 years and 284 were aged between 70 and 79 years.

The bivariate correlations are consistent with the hypothesis 
that lower body strength and flexibility, as well as aerobic 
endurance, are negatively associated with the timed up and 
go test, since shorter times in this test are associated with 
higher levels of agility and dynamic balance. Additionally, a 
significant positive association was observed between agility, 
dynamic balance, and BMI (Table 1).

The results of the moderated mediation analysis are 
presented in Figure 1 and Figure 2. In the tested model, a 
significant direct effect was detected (lower body muscle 
strength → agility and dynamic balance; β = -.33, [-.42, -.25]). 
Positive associations were found between lower body strength 
and lower body flexibility (β = .25, [.17, .33]) and between 
lower body strength and aerobic endurance (β = .51, [.44, .58]). 
Lower body flexibility was positively associated with agility 
and dynamic balance (β = -.14, [-.21, -.07]). A similar pattern 
was observed for aerobic endurance, agility and dynamic 
balance (β = -.09, [-.17, -.01]). In addition, a significant total 

Table 1. Descriptive statistics, composite reliability coefficients, and latent correlations
Variables Test M SD Min Max 1 2 3 4 5
1. Lower body strength 30-second chair stand test 14.59 3.82 3 31 1
2. Lower body flexibility Chair sit and reach 0.57 9.82 -33 31 .25* 1
3. Aerobic endurance 2-minute step test 109.31 64.28 0 390 .51* .16* 1
4. Agility and dynamic balance Timed up and go test 6.31 2.37 1.10 39.80 -.44* -.26* -.32* 1
5. Body mass index Weight / height2 28.33 4.45 18.67 47.09 -.25* -.14* -.27* .30* 1
Notes: * p < .01.

Figure 1. Mediated-moderation model

Figure 2. Interaction effects
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indirect effect was found (β = -.08, [-.12, -.05]). As for the 
moderation effects and interactions (Figure 2), BMI was 
found to have a significant interaction with lower body muscle 
strength on agility and dynamic balance (β = -.04, [-.06, -.03]), 
representing an R2-change of 0.04 (p <.001). Conditional direct 
effects were estimated at BMI scores of 23.9 (β = -.09, [-.15, 
-.03]), 27.7 (β = -.19, [-.24, -.14]), and 32.7 (β = -.33, [-.40, 
-.26]) kg/m2.

Discussion

This research aimed to investigate the moderating influence 
of BMI on the relationship between lower body strength, 
agility, and dynamic balance, while also considering the 
mediating role of lower body flexibility and aerobic endurance 
in community-dwelling older adults. The study’s findings 
indicate a number of significant relationships between physical 
fitness and body composition, with higher levels of lower body 
strength being indicative of greater agility and dynamic balance, 
as evidenced by shorter timed up-and-go test completion times, 
a measure commonly used to assess fall risk in the elderly. 
Additionally, it is worth noting that higher body composition 
was found to be significantly associated with both agility 
and dynamic balance, with higher BMI levels being linked to 
longer timed up-and-go test times. One of the novel aspects of 
this study was the examination of the moderating role of BMI, 
which yielded two noteworthy findings. Firstly, older adults 
with high levels of muscular strength tended to have shorter 
timed up-and-go test times, regardless of BMI. Secondly, 
individuals with lower levels of lower body strength were 
found to have longer up-and-go test times, and this relationship 
became more pronounced with increasing BMI. Consequently, 
it can be speculated that individuals with a higher BMI (e.g., 
those who are overweight) but who are physically active may 
possess higher levels of physical fitness and consequently, a 
lower risk of falls.

The findings from the moderated mediation model reveal 
the potential existence of three categories of BMI based on the 
cut-off criteria of Winter et al. (22). As illustrated in Figure 
1, individuals with lower muscular strength in their lower 
body tend to exhibit higher BMI, particularly older individuals 
with an approximate value of 33 kg/m2. The significant 
interaction between BMI and lower body strength on agility 
and dynamic balance (β = -.04, [-.06, -.03]) suggests that BMI 
modulates the effectiveness of muscle strength in reducing 
fall risk. Specifically, higher BMI diminishes the positive 
impact of muscle strength on dynamic balance and agility. This 
moderation effect was evident across different BMI categories, 
with conditional direct effects intensifying at higher BMI 
levels: 23.9 (β = -.09, [-.15, -.03]), 27.7 (β = -.19, [-.24, -.14]), 
and 32.7 kg/m2 (β = -.33, [-.40, -.26]). Trevian et al. (23) 
detected a U-shaped association between BMI and risk of falls 
in older adults, with a nadir between 24.5 and 30. Therefore, a 
BMI greater than 30 kg/m2 and lower body muscle strength are 
both indicators of an increased risk of falls.

This study highlights the need to examine body composition 
in older adults beyond the overall BMI, since greater BMI 

may mislead exercise and health professionals to assume 
health-related risks, such as greater risk of falls (8). In this 
sense, professionals should assess free fat mass and body 
fat percentage separately, and muscle strength as a means to 
comprehend how older adults are physically capable, since 
muscle strength is associated with flexibility and aerobic 
endurance as should in the results section. As observed in the 
present study, greater muscle strength, which is part of the 
overall body composition, is associated with greater agility 
and dynamic balance, which may translate into a lower risk 
of falls. This shows that muscle strength should be preserved 
or even increased in this population. This may be attained by 
maintaining daily physical activity or adding regular exercise 
through participation in community programs, which seems to 
increase (15).

Limitations and agenda for future research

While the sample was relatively large, the cross-sectional 
design limited the interpretation of the results and prevented 
the assumption of causality. Nevertheless, the current results 
provide preliminary evidence for the moderating role of BMI 
in the association between muscle strength and agility. There 
is a need to examine free fat mass and body fat percentage 
to understand the implications of each tested association. 
Additionally, we were unable to track the prevalence of 
falls in this sample, which could have implications for the 
interpretation of physical fitness. Another limitation was the 
convenience of the sample. We collected data from community-
dwelling older adults, who are typically more active than 
institutionalized individuals. In addition, we gathered data 
without assessing the previous exercise participation. In fact, an 
exploratory analysis showed that less than 1% had an increased 
risk of falls, considering the 13 second cutoff for performing the 
timed up and go test. Thus, this population was already at low 
risk and showed greater physical fitness.

Conclusion

The results revealed interesting associations between the 
physical fitness levels and body composition. Specifically, 
elevated levels of lower body strength correlate with enhanced 
agility and dynamic balance, as evidenced by reduced 
completion times in the timed up-and-go test, a recognized 
marker of fall risk among older adults. Additionally, 
noteworthy findings highlight the moderating role of BMI, in 
which greater muscle strength indicates a lower risk of fall, 
independent of BMI. However, lower muscle strength indicates 
a greater risk of falls and increases with greater BMI. Muscle 
strength continues to be an important indicator of health since 
its maintenance can be associated with independence.
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