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Abstract: Multicomponent exercise programs, which combine multiple modalities such as aerobic
exercises, strength training exercises, flexibility exercises, and balance exercises, can help to pro-
mote healthy aging and prevent chronic diseases in aged women. Thus, the goal of this study is to
examine if a multicomponent exercise program could improve body composition in communi-
ty-dwelling aged women. A 6-month single-arm quasi-experimental research was conducted using
a multicomponent exercise program for older adults. The sample included 38 women with a mean
age of 63.50 years (SD = 6.47 years). Body composition and anthropometric measurement was
conducted from baseline (T1), after intervention (T2), and follow-Up (T3). In addition, after exercise
intervention, a significant difference with moderate to large effects was reported for fat mass [n?p =
0.374, p < 0.001)], bone density [n*p = 0.374, p < 0.05)], percentage of water [n?p = 0.374, p < 0.001)],
and a metabolic equivalent task [n?p = 0.374, p < 0.05]. Additionally, a significant large effect size
between T1 and T2 was verified. However, body composition indicators seem to decrease below
baseline levels after concluding exercise intervention (T3). Muscle mass decreased significantly
after exercise intervention and mean scores were lower compared to baseline data (T1). Thus, a
positive effect of the multicomponent exercise program on body composition was established in
this group of community-dwelling aged women. However, the relative improvement in body fat
and muscle mass were lost after the exercise program’s conclusion for values below the baselines.
Avoiding detraining periods is, therefore, fundamental to maintaining the normal relative body
composition.
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1. Introduction

Aging is a complex process that involves physiological changes in multiple systems
of the body including the immune system and body composition [1]. The immune system
plays a crucial role in protecting the body against infectious agents and foreign sub-
stances, while body composition indicates the relative proportion of different tissues in
the body [2]. Scientific research has shown that these three factors are intricately con-
nected and can have profound effects on health during the aging process [3].

Sarcopenia and adiposity are the terms for the processes of muscle loss and fat
growth experienced by aging persons, respectively [4]. Sarcopenia, which is the
age-related loss of muscle mass and strength, can also have negative effects on the im-
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mune system [5,6]. Sarcopenia and obesity are two interrelated health issues that can
have significant impacts on a person's overall well-being [2,7]. Obesity can have negative
effects on the immune system, leading to chronic low-grade inflammation that can impair
immune function [7,8]. Both clinical conditions are accelerated with the aging process
and increase the risk of age-related health problems [9]. Additionally, sarcopenia and
obesity can have a synergistic effect on immune function in older adults [10]. These
changes can have serious consequences for health since they are linked to an increased
risk of chronic diseases such as type 2 diabetes, cardiovascular disease, and cancer [1].
These changes in body composition have an impact on the immune system as well [11].
Sarcopenia and obesity, in particular, have been demonstrated to impair immunological
function in older persons. Sarcopenia is related to a loss in immune function because
muscle tissue is an important place for immune cell synthesis [12]. Adiposity, on the
other hand, can cause persistent inflammation, impairing immune function and increas-
ing the risk of infection and disease [7]. Several studies have also shown that changes in
body composition can affect the distribution of immune cells in the body [4]. For exam-
ple, adiposity is associated with an increase in pro-inflammatory immune cells, such as
macrophages and T cells, while a loss of muscle mass is associated with a decline in reg-
ulatory immune cells, such as T regulatory cells [5]. These imbalances can contribute to
chronic inflammation and an increased risk of metabolic and inflammatory diseases [13].

Physical inactivity can hasten the onset of sarcopenia, resulting in higher muscle loss
in older persons. This can result in a decline in physical capacity as well as a drop in the
number of immune cells within the muscles themselves, which can impair the immuno-
logical response [3,13]. Physical inactivity in elderly persons can also lead to an increase
in body fat. This can contribute to sarcopenic obesity, a condition in which an individual
has both decreased muscle mass and increasing body fat. Last, physical inactivity can
also contribute to chronic low-grade inflammation in older adults, which can lead to a
range of health problems [13]. Chronic inflammation has been linked to increased risk of
heart disease, diabetes, and other chronic conditions, as well as to impaired immune
function [14]. As well, long-term exercise interventions decreases chronic inflammation,
improving hypoxia and reducing local inflammation in adipose tissue in addition to its
effects on muscle tissue to produce muscle-derived anti-inflammatory myokines [11].

In fact, community exercise programs may be beneficial in providing the elderly
with enough physical fitness to show better body composition [15]. Community exercise
programs have been shown to have numerous benefits on body composition [16,17].
These programs typically involve group exercise sessions that are led by trained and
experienced professionals and are designed to improve cardiovascular fitness, strength,
flexibility, agility, and balance. One of the primary benefits of community exercise pro-
grams is their ability to promote weight loss and reduce body fat percentage [18]. Regular
participation in these programs has also been linked to improvements in muscle mass
and bone density, which can help prevent osteoporosis and other age-related conditions
in aged adults [19]. Additionally, community exercise programs can improve insulin
sensitivity, reduce inflammation, and lower blood pressure, which can reduce the risk of
developing metabolic diseases such as type 2 diabetes and heart disease in older adults
[20]. Overall, community exercise programs are an effective and accessible way to im-
prove body composition and overall health.

The effects of exercise on body composition in aged women should be investigated
because older women are at higher risk of developing age-related declines, particularly
as a result of menopause in muscle mass and bone density, as well as increased body fat
accumulation compared to men [9,21]. Regular exercise has been demonstrated to be a
beneficial intervention for changing body composition in older women; however, further
study is required to fully understand the processes underlying these benefits and to find
the best exercise programs for this population [16,17]. Furthermore, studying the effects
and follow-up of exercise on body composition in older women can aid in the develop-
ment of methods for promoting healthy aging and improving quality of life in this pop-
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ulation [3]. Understanding the benefits of exercise on body composition in this group is
becoming increasingly important for public health policy and clinical practice, given the
growing prevalence of older women in the population [3]. As a result, studying the
effects of exercise on body composition in elderly women can help guide evidence-based
recommendations for exercise treatments to promote healthy aging and prevent chronic
diseases [1].

The primary aim of this study is to investigate the effectiveness of a multicomponent
exercise program in improving body composition in community-dwelling elderly
women, as measured by reliable and cost-effective methods. The hypothesis is that the
exercise intervention will result in a significant improvement in body composition. Given
the established age-related decline in muscle mass and increase in body fat, the second-
ary aim is to assess whether the benefits of the intervention could be sustained after the
completion of the exercise program.

2. Materials and Methods
2.1. Design and Recruitment

This study employed a single-arm quasi-experimental design, spanning over 6
months, to investigate the effects of a multicomponent exercise program in older adults.
The study included both baseline and after-analysis to assess the effectiveness of the in-
tervention. A single-arm quasi-experimental study is a type of research design that in-
volves a single group of participants receiving an intervention or treatment, without a
comparison group. In this type of study, researchers do not randomly assign participants
to different groups, but instead, they observe the effects of the intervention on the same
group before and after the intervention. These types of studies are typically conducted
when it is not feasible to use a randomized controlled trial design, such as when the in-
tervention being tested is already widely used or when it would be difficult to recruit a
large enough sample size. In this case, a single-arm design can still provide valuable in-
formation on the potential effects of an intervention or treatment.

The recruitment of participants for research among older populations is challenging
due to limited communication channels and social isolation. To address this challenge,
the study team used various communication strategies including regional journals, social
media platforms, and flyers in traditional shops such as coffee shops, bakeries, and hair
salons. In addition, individual invitations were made over the phone based on data from
the city council of Braganca. The potential participants were fully informed about the
study's goals and the voluntary nature of participation, as well as the potential risks as-
sociated with physical exercise. The study employed an inclusive approach to recruit
potential participants from the community. The experimental group comprised partici-
pants who met the inclusion criteria, including being aged 65 years and above, capable of
standing and walking with or without assistive equipment, not engaged in any exercise
program, and living in the community. Participants with chronic neuromuscular, cardi-
ovascular, or metabolic illnesses that could pose a danger during classes and evaluation
periods were excluded. One exercise physiologists with research experience completed
all the assessments, and one researcher examined the data. The first and last two weeks of
the exercise protocol were dedicated to body composition and anthropometric meas-
urement. After 6 months, an exercise physiologist measured body composition and an-
thropometric for follow-up analyses. The community-based program known as “+Idade
+Satide” was carried out in a gym facility at the School of Education of Braganga in Pol-
ytechnic Institute of Braganca. The research project received approval from an ethic
committee (n° UID/CED/04748/2020) and adhered to the principles of the Helsinki dec-
laration. Participants who took part in this study signed written informed consent forms.

The G*Power 3.1 (Institut fiir Experimentelle Psychologie, Diisseldorf, Germany)
was used to calculate the required sample size, considering the following parameters: (1)
statistical power = 0.95; (2) number of groups = 1; (3) number of measurements = 3; (4)
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correlation among repeated measure = 0.8; and (5) non-sphericity correction = 1. The
calculations suggested a minimum of 24 participants for the results to be valid and relia-
ble. The calculation of the effect was based on studies using similar protocols and designs
converting reported Cohen’s d effect sized into f [17,22].

2.2. Exercise Intervention

According to the American College of Sports Medicine (ACSM) [11], the exercise
regimen matched the frequency, intensity, type, and time (FITT) guidelines [23,24]. The
exercise intervention was scheduled for three morning sessions each week, in accordance
with FITT principles. An experienced exercise physiologist with extensive training in
adult and senior exercise prescription watched all sessions, offering exercise adaptations
and encouragement, as well as monitoring exercise intensity with validated measures
such as the talk test and Borg scale [25,26]. The exercise physiologist distributed the scales
to each participant immediately after each component and at the end of each training
session. Resistance, cardiorespiratory, balance, agility, and flexibility training were in-
cluded in the exercise intervention, with sessions lasting 45-60 min. Exercise sessions
were held on weekday mornings in a day-off-day sequence, based on the interests of the
participants. Because of the large number of participants, two groups were formed for
safety reasons. To provide participants with a diversity of stimuli, three unique sessions
were devised and implemented. Details of the exercise protocol can be seen elsewhere
[17].

During the training sessions, participants engaged in a warm-up lasting 5-8 min that
included slow walking, dynamic stretching exercises, and dual-task activities. The car-
diorespiratory fitness activities lasted between 15-20 min and included walking, jogging,
aerodance, and dance exercises. The walking exercise involved taking steps on tippy toes,
on heels, and with a knee-raising gait around a predefined circuit. Similarly, the jogging
exercise was performed around a circuit, with participants increasing their hip and knee
flexion with increased pace. Aerodance involved rhythm-based exercises to the beat of
the music, while dance exercises were performed in pairs according to music tempo.
Participants were given the opportunity to choose their preferred music. Two workouts
were selected, each lasting at least 8-10 min, with one session comprising walking and
aerodance activities, another session comprising jogging and dance exercises, and the
third session comprising walking and dance exercises. The cardiorespiratory training
sessions were structured such that participants completed different activities in each of
three sessions. The intensity of these sessions began at a moderate level and increased to
a moderate-to-vigorous level after 12 weeks. Resistance exercise lasted between 15 and 30
min, and involved the use of bodyweight, ankle weights, rubber bands, and dumbbell
equipment. The chosen exercises targeted key muscle groups, and each session included
four different exercises. In one session, participants performed chair squats, seated arm
abduction and adduction, arm curls, and shoulder shrugs using dumbbells. In another
session, participants performed seated single-leg extension and flexion with ankle
weights, arm flexion and extension with dumbbells, and peck deck with rubber bands.
Rest times between sets in the circuit ranged from 40 to 60 s. During the third session, the
participants performed standing calf raises, arm curls with a shoulder press, and seated
rows with dumbbells. The intensity of the resistance training was increased from
light-to-moderate intensity (5-6 points on the Borg Scale) to moderate intensity (6-7
points on the Borg Scale) after eight weeks to allow for optimal adaptation and execution
of the workout. The participants began with one set of 8 repetitions and gradually pro-
gressed to three sets of 12-15 repetitions. The exercise physiologist would instruct the
participants to perform 3 more repetitions if they could complete 12 repetitions with
light-intensity effort. For 5-8 min, the participants engaged in static and dynamic balance
training using wooden sticks, softballs, and balloons. Throwing and/or catching softballs,
as well as single-leg static and dynamic activities with bats and balloons, were used for
balance training. To ensure safety, the exercise physiologists kept a 2 m distance between
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the participants while performing balance and agility exercises. At the end of each ses-
sion, there was a 5 min cool-down phase that included breathing and stretching exercises.
Participants repeated each stretch 3—4 times with a resting duration of 15-20 s between
stretches. During the stretching exercises, the muscle was extended across the joint and
held in a position of low-to-mild discomfort for 15-20 s before being released. The flexi-
bility exercises were performed at a 1:1 ratio of active to relaxed stretching and focused
on low-intensity stretching of the muscles recruited during the previous exercises.

2.3. Instruments

Height was measured using a stadiometer (SECA® 217, Hamburg, Germany). The
participants stood straight with their heels together and their back against the stadiome-
ter. The headpiece of the stadiometer was brought down to rest on the top of the partic-
ipants' heads, and the height was recorded to the nearest 0.1 m. Weight was measured
using a calibrated bioimpedance scale (Tanita® BC-554, Tokyo, Japan). The participants
stood on the scale without shoes and with minimal clothing, and the weight was rec-
orded to the nearest 0.1 kg. Body mass index was calculated using the standard formula:
weight (kg)/height (m?). Data reported by the bioimpedance scale included measures of
weight, body fat percentage, muscle mass, hydration status, and metabolic equivalent of
task which were used for the present study. Considering the bioimpedance scale, body
fat percentage was estimated by analyzing the resistance and reactance of the electrical
current as it passed through body tissues, with greater resistance indicating higher levels
of body fat. Muscle mass was also estimated through the bioimpedance measurement,
with the electrical current passing more easily through muscle tissue compared to fat
tissue. Hydration status could also be estimated through bioimpedance, with greater
hydration levels resulting in lower resistance to the electrical current. Bone density was
estimated also using the bioimpedance scale. This scale use a technique called segmental
bioelectrical impedance analysis, which measures impedance at different body segments
to estimate bone mineral density. It is important to note that the accuracy and reliability
of bone density measurements obtained from bioimpedance scales are not as high as
those obtained through gold-standard methods such as DXA [27]. However, this indica-
tor was considered since DXA measurements are not cost-effective. Considering that a
bioimpedance scale may provide some indirect insights into bone health, and since
muscle mass and bone mineral density are generally correlated, changes in muscle mass
measured by a bioimpedance scale could indirectly suggest changes in bone density.

2.4. Statistical Analysis

Descriptive statistics such as mean and standard deviation were calculated. For
normal data assessment, the Shapiro-Wilk test was considered. To look for variations in
the dependent variables, a general linear model with repeated measures was used (data
at baseline, after exercise program, and follow-up). The significance level to reject the null
hypothesis was set at 5%. Sphericity assumptions were examined using Mauchly’s test.
When this assumption was not met, the Greenhouse—Geisser adjusted values and degrees
of freedom were reported and are indicated by the presence of decimal degrees of free-
dom. The repeated measures analyses were followed by Bonferroni-adjusted post-hoc
tests to analyze pairwise comparisons. The partial eta square effect size was calculated
and the assumed reference values were as follows: “small” effect = 0.01, “medium” effect
=0.06, and “large” effect = 0.14. All data were analyzed using IBM SPSS® Statistics version
27 (IBM Corp, Armonk, NY, USA) for Windows.
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3. Results

The data collected in this study are presented in Table 1, including the mean and
standard deviation values. A total of 38 women were included in the exercise program
after recruitment assessment and identification of potential participants, with a mean age
of 63.50 years (SD = 6.47 years). Data from all 38 participants were successfully obtained
at T2. However, 10 participants did not attend the follow-up assessment (T3), although
there were no dropouts recorded from the exercise program. The expecta-
tion-maximization approach was used to handle missing data. Mean attendance rates
were 79%, ranging from 75% to 100%. Data at baseline displayed normal distribution (p >
0.05).

Table 1. Mean, standard deviation, and mean comparisons across measurements.

Variable Baseline (T1) After Intervention (T2) Follow-Up (T3)
M SD M SD M SD
Weight (kg) 1.58 0.06 1.57 0.07 1.56 0.07
Height (m) 66.90 8.24 66.53 8.32 64.69 15.17
Body Mass Index (kg/m?) 26.85 3.38 26.71 3.41 25.71 6.06
Fat Mass (%) 34.53 6.27 34.22 6.22 34.49 7.53
Muscle Mass (kg) 42.44 4.51 44.42 4.95 40.66 3.37
Water (%) 47.53 5.04 47.68 5.03 46.45 2.93
Bone Density (g/cm?) 2.19 0.19 2.21 0.17 2.14 0.23
Metabolic Equivalent of Task (MET) 1302 107 1326 108 1286 104
Notes: M—mean; SD —standard deviation.

Significant improvements were observed in body composition with large effect sizes
between T1 and T2. However, improvements were lost since follow-up measures indi-
cated significant losses after exercise intervention with moderate to large effects [F (1) =
10.93, n?p = 0.184-0.378, p < 0.05 to p < 0.001]. Muscle mass decreased significantly after
exercise intervention (T3) [F (1) = 10.75, n?p = 0.374, p < 0.05 to p < 0.001)] and mean scores
were lower compared to baseline data (T1). In addition, after exercise intervention a sig-
nificant difference with statistical power was reported for fat mass [F (1) = 10.75, n?p =
0.374, p <0.05 to p < 0.001)], bone density [F (1) = 10.75, n?p = 0.374, p < 0.05 )], percentage
of water [F (1) =10.75, n?p = 0.374, p <0.001)], and metabolic equivalent task [F (1) =10.75,
n?p = 0.374, p < 0.05)]. All pairwise differences were reported for three assessment mo-
ments (T1 #T2; T2 # T3; or T1 # T2 # T3) (see Table 2).

Table 2. Mean comparison between measures.
Variables F dfl  df2 P NP Pairwise Comparisons
Weight (kg)
Time 1093 1 36 <0.001 0.378 T1+T2; T2+ T3
Body Mass Index (kg/m?)
Time 9.50 1 36 <0.001 0.345 T1=T2; T2+ T3
Fat Mass (%)
Time 9193 1 36 <0.001 0.338 T1=T2; T2+ T3
Muscle Mass (kg)
Time 1075 1 36 <0.001 0.374 T1=#T2#T3
Water (%)
Time 6.61 1 36 <0.05 0.269 T1=#T2; T2#T3
Bone Density (g/cm?)
Time 4.06 1 36 <0.05 0.184 T1+T2; T2+ T3

Metabolic Equivalent of Task (MET)
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Notes: F—F test results; dfl —degrees of freedom; df2—degrees of freedom; p—significance;
n?p—partial eta-square; ns—no differences detected.

4. Discussion

The goal of this study was to examine if a multicomponent exercise program could
improve body composition in community-dwelling aged women. Research results con-
firmed that multicomponent exercise programs have a positive effect on body composi-
tion in community-dwelling aged women, since significant improvements were observed
in body composition indicators after the 6-month exercise intervention. However, the
relative improvement in body fat and muscle mass were lost after the exercise program’s
conclusion.

Indeed, significant improvements were observed in all body composition indicators
with large effect sizes ranging between T1 and T2. Concretely, the 6-month multicom-
ponent exercise program improved body mass index, fat mass, muscle mass, percentage
of water, bone density, and task metabolic equivalent for the community-dwelling aged
women. These results are in line with previous studies that reported a positive effect of
the multicomponent exercise in body composition outcomes [17,22]. Rodrigues et al. [22]
demonstrated that a 23-week low-cost multicomponent exercise program had a positive
effect on body mass index. However, Monteiro et al. [17] have not reported any signifi-
cant differences in body mass index during a multicomponent training program in el-
derly women. In addition, Forte et al. [16] stated no differences in body mass index be-
tween pre- and post-multicomponent training program with six months of intervention.
Both studies used only the body mass index, so the lack of differences may be due to the
sensitivity of the method to measure other important components in body composition
such as fat mass, muscle mass, percentage of water, or bone density. The BMI is a com-
monly used measure for assessing body composition, but it has limitations, especially
when it comes to differentiating between fat mass and lean mass. BMI is only a measure
of overall body weight relative to height and does not consider other important factors
such as muscle mass, bone density, and hydration status. Therefore, the lack of differ-
ences between the groups in the previous studies may be partly due to the limitations of
using BMI alone as a measure of body composition [9,28]. In contrast, the current re-
search used a more comprehensive assessment of body composition based on bio im-
pedance data, which allows for the separate measurement of fat mass, muscle mass [6],
and bone density [29]. The results of this study showed that the exercise-based interven-
tion program was effective in reducing fat mass and increasing muscle mass and bone
density, indicating the importance of including more comprehensive measures of body
composition in future research. Additionally, the study highlights the importance of a
multi-component exercise program, which combines strength, aerobic, balance, agility,
and jump training, as an effective regimen to prevent age-related functional decline in
older adults [30]. The results of this study showed that the exercise-based intervention
program was effective in reducing fat mass and increasing muscle mass and bone den-
sity, indicating the importance of including more comprehensive measures of body
composition in future research. Additionally, the study highlights the importance of a
multi-component exercise program, which combines strength, aerobic, balance, agility,
and jump training, as an effective regimen to prevent age-related functional decline in
older adults [6,30].

Moreover, recent studies have revealed that the improvements in body composition
achieved through a six-week multi-component exercise program are not sustained over
time. In fact, follow-up assessments have shown significant reductions in all body com-
position indicators, including a significant decrease in muscle mass scores when com-
pared to baseline data. This highlights the importance of regular physical exercise to
maintain body composition in aging individuals, as muscle mass tends to decrease with
age due to the process of senescence, which is characterized by sarcopenia, increased fat
mass, and low bone density [24]. While multi-component training is an effective exer-
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cise-based strategy to reduce fat mass and increase muscle mass, it should be noted that
these outcomes tend to decline in a short period of time due to the aging physiological
processes [24,31]. The evidence suggests that sustaining the benefits of exercise requires
long-term commitment and consistent effort to maintain a healthy lifestyle. [10,32]. Fur-
thermore, research has shown that daily physical activity alone can have a positive effect
on body composition [33]. This highlights the importance of making physical activity a
part of daily routine to maintain a healthy body composition. In addition to physical ac-
tivity, a balanced diet with a low caloric intake is also crucial for maintaining stable body
composition over time [34]. Insulin resistance, a common issue in obesity, is a reduced
response to insulin in target tissues such as muscle and liver tissue [12,20]. This can lead
to metabolic syndrome and hypokinetic diseases, which are known to increase the risk of
metabolic cardiovascular diseases and associated morbidity and mortality [15,35]. Dys-
functional adipose tissue is also a concern in obesity, as it can lead to pro-inflammatory
processes and an increase in adipocytokines such as adiponectin and pro-inflammatory
tumor necrosis factor-a (TNF-a) [31]. These factors can potentiate atherosclerotic pro-
cesses, endothelial dysfunction, and peripheral insulin resistance, ultimately leading to
the development of cardio-metabolic pathologies such as hypercholesteremia, hyper-
dyslipedemia, type 2 diabetes, myocardial infarction, coronary atherosclerotic heart dis-
ease, and arterial hypertension [5,15]. It is therefore important to address obesity and its
associated issues to prevent the development of these pathologies and maintain a healthy
body composition.

Reduced muscle protein production is the main consequence of age-related sarco-
penia, which is primarily caused by alterations in hormonal signaling and chronic
low-grade inflammation. Hormones such as testosterone, growth hormone, and insu-
lin-like growth factor-1 (IGF-1) play vital roles in muscle growth and maintenance [7,16].
In addition, mitochondrial and neuromuscular dysfunctions are frequently observed in
individuals with sarcopenia. The decline in muscle energy production and motor unit
connections leads to impaired muscle function, which further contributes to muscle loss
and weakness [7,16]. Therefore, these age-related factors significantly impact muscle
health and function, emphasizing the importance of maintaining an active lifestyle and
engaging in regular physical exercise to counteract the effects of sarcopenia. In addition,
obesity and sarcopenia conditions coupled with low rates of physical activity and exer-
cise are associated with balance loss, risk of falling, and fractures [29]. It is epidemiolog-
ically a major risk for mortality in aged people [13,18,24]. Moreover, the triggered effect
the impact of the binomial adipose tissue and insulin sensitivity impairment on the onset
of oncological and neurodegenerative pathologies cannot be ignored [9,15]. For the fol-
lowing 10 years, it was predicted that both diseases will have the highest incidence,
morbidity, and mortality rates [13]. Thus, researchers and practitioners should consider
multi-component exercise program as a valid, affordable, and accessible strategy to
maintain a proper relative body composition by avoiding chronic non-communicable
diseases using this training mode as a primary exercise-based prevention [31]. However,
maintaining physical exercise programs are a challenge for institutions and governments,
since detraining periods in the aged population have particularly adverse effects on body
composition with an increase in fat mass and a decrease in lean mass to values below the
baseline [6]. However, it is important consider that individual variability in fitness level,
health status, and personal preferences can impact the effectiveness and safety of the ex-
ercise program [7]. In addition, personalized physical exercise can be an effective ap-
proach for managing sarcopenia and obesity, including a regular monitoring, an ade-
quate feedback, and a continuous nutritional support [16]. Consistency and adherence to
an exercise program are crucial for achieving and maintaining the desired effects on
sarcopenia and obesity [16,17].

The current evidence supports the beneficial effects of exercise on body composition.
However, the study also shows that the improvements in body composition resulting
from exercise programs are not maintained in the long term. This underscores the im-
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portance of continued physical activity throughout the lifespan, especially in aged indi-
viduals. Maintaining a healthy body composition is crucial for overall health, as it has
direct effects on the immune system. Obesity is a well-established risk factor for a wide
range of chronic diseases including type 2 diabetes, cardiovascular disease, and cancer. In
contrast, a healthy body composition can help to reduce the risk of these diseases and
improve overall health and well-being. When exercise is absent, individuals tend to lose
all the benefits obtained thanks to the exercise. Sarcopenia age-related factors, such as
alterations in hormonal signaling and chronic low-grade inflammation, can cause reduc-
tions in muscle protein production, mitochondrial and neuromuscular dysfunction, and
declines in muscle energy production and motor unit connections. This can lead to im-
paired muscle function, which in turn can have negative effects on overall health. Over-
all, the evidence suggests that exercise is a crucial component of a healthy lifestyle, espe-
cially for maintaining a healthy body composition and reducing the risk of chronic dis-
eases. People should strive to remain physically active throughout their lives, as even
small amounts of regular physical activity can have significant health benefits.

Limitations, Practical Applications, and Research Agenda

This research adds useful information to the evidence base about multi-component
exercise effects on body composition; however, some limitations should be considered
when interpreting their results. Primary, the sample was selected by convenience and has
a lack of randomization in the single-arm quasi-experimental approach. In addition, the
6-month multi-component exercise intervention is an acceptable evaluation period to
measure exercise-based effects; however, it is still shorter than some previous studies. In
fact, multi-component exercise can require a significant time commitment. Over time,
multi-component training programs can develop a plateau in physiological and immu-
nological effects, requiring necessary adjustments to the exercise program periodically or
incorporate new exercises or techniques [17,22]. This may be challenging for individuals
with busy schedules or limited time to devote to exercise [17,31]. Although the training
program followed the FITT-VP guidelines [23,24], there was no individualization of the
training stimulus over time, something that should be explored in future research. Fur-
thermore, this research controls only for variables related to body composition, excluding
other health-related dimensions, such as functional fitness in the forms of strength, bal-
ance, flexibility, and aerobic capacity [18,22,36]. Indeed, when the exercise stimuli are
sustained over time, multi-component exercise regimens with strength training appear to
increase upper and lower limb strength [18,22,36]. Future prospects should add these
variables to the analysis and emphasize the analysis in the follow up, something that
remains little explored in the literature. In addition, improvements in body composition
should also be monitored through the potential increase in physical activity and im-
provement in eating habits that tend to occur in parallel with exercise programs [15].
Furthermore, well-being, psychological, and quality of life variables should be added to
understand if there is any interdependence with improvements and declines over the
different intervention phases [37]. Future research to evaluate the effects of a mul-
ti-component training program should use a multifactorial approach; nevertheless, the
practical applicability of this procedure was mostly limited to the primary risk factor of
obesity and being overweight. Although we discussed TNF-alpha as a potential mediator
in the relationship between body fat and the immune system, it was not measured in the
current study. Future studies should consider measuring TNF-alpha to further examine
its implications in this relationship. In the present study, food intake was not measured,
and thus, its role in this relationship could not be examined. Future studies should aim to
measure food intake to provide a more comprehensive understanding of the relationship
between body fat and the immune system.
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5. Conclusions

The community-dwelling aged women showed significant improvements in body
composition indicators after a 6-month exercise intervention, indicating that the multi-
component exercise program had a positive impact. Nonetheless, the relative improve-
ments in body fat and muscle mass were not sustained after the exercise program ended,
highlighting the importance of regular exercise to prevent detraining and declines in
body composition measures. Overall, the multicomponent exercise program is beneficial
for maintaining proper body composition, but consistent practice is critical for avoiding
reductions in indexes below the baseline.

In practical terms, the findings of this study suggest that a six-month multicompo-
nent exercise program can be an effective intervention to improve body composition in
community-dwelling aged women. However, maintaining the benefits of the program
requires regular practice, even after the program ends. This implies that long-term
commitment and adherence to a regular exercise routine are crucial in achieving and
maintaining optimal body composition levels. The results of this study also highlight the
importance of ongoing monitoring and support to help individuals maintain their pro-
gress and prevent relapse. This information can be useful for researchers and practition-
ers involved in designing exercise interventions for older adults, particularly women,
who may be at higher risk of developing age-related body composition changes.

Author Contributions: Conceptualization, F.R. and P.F.; data curation, P.F.; formal analysis, F.R.
and P.F.; funding acquisition, P.F.; investigation, P.F. and J.E.T.; methodology, F.R. and P.F.; re-
sources, P.F.; supervision, F.R. and P.F.; validation, F.R.,, AM.M. and P.F.; writing —original draft,
F.R. and J.E.T.; writing—review and editing, F.R.,, AM.M. and P.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by national funds through the Portuguese Foundation for
Science and Technology, I.P., grant number UID/04748/2020.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Scientific Board of the Higher Institute of Educa-
tional Sciences of the Douro (n® = 2.576 approved on the 21 September of 2018).

Informed Consent Statement: Informed Consent Statement was obtained from all participants
involved in the current investigation.

Data Availability Statement: Data are available upon reasonable request to the corresponding
author.

Acknowledgments: We would like to express our sincere gratitude to all the participants for their
valuable contributions to this research study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Warburton, D.E.R;; Bredin, S.5.D. Health Benefits of Physical Activity: A Strengths-Based Approach. . Clin. Med. 2019, 8, 2044.
https://doi.org/10.3390/jcm8122044.

2. Franceschi, C.; Garagnani, P.; Parini, P.; Giuliani, C.; Santoro, A. Inflammaging: A New Immune-Metabolic Viewpoint for
Age-Related Diseases. Nat. Rev. Endocrinol. 2018, 14, 576-590. https://doi.org/10.1038/s41574-018-0059-4.

3. Brauer, L.; Kriiger, K.; Weyh, C.; Alack, K. The Effects of Physical Activity on the Aging of Circulating Immune Cells in Hu-
mans: A Systematic Review. Immuno 2021, 1, 132-159. https://doi.org/10.3390/immuno1030009.

4. Kamper, RS.; Alcazar, J.; Andersen, L.L.; Haddock, B.; Jergensen, N.R.; Hovind, P.; Suetta, C. Associations between Inflam-
matory Markers, Body Composition, and Physical Function: The Copenhagen Sarcopenia Study. J. Cachexia Sarcopenia Muscle
2021, 12, 1641-1652. https://doi.org/10.1002/jcsm.12832.

5. Ferrucci, L.; Fabbri, E. Inflammageing: Chronic Inflammation in Ageing, Cardiovascular Disease, and Frailty. Nat. Rev. Cardiol.
2018, 15, 505-522. https://doi.org/10.1038/s41569-018-0064-2.

6. Jyvakorpi, SK.; Ramel, A,; Strandberg, T.E.; Piotrowicz, K.; Blaszczyk-Bebenek, E.; Urtamo, A.; Rempe, H.M.; Geirsdoéttir, 0,

Végnerova, T.; Billot, M.; et al. The Sarcopenia and Physical Frailty in Older People: Multi-Component Treatment Strategies
(SPRINTT) Project: Description and Feasibility of a Nutrition Intervention in Community-Dwelling Older Europeans. Eur.
Geriatr. Med. 2021, 12, 303-312. https://doi.org/10.1007/s41999-020-00438-4.



Appl. Sci. 2023, 13, 6163 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Frasca, D.; Blomberg, B.B.; Paganelli, R. Aging, Obesity, and Inflammatory Age-Related Diseases. Front. Immunol. 2017, 8, 1745.
https://doi.org/10.3389/fimmu.2017.01745.

Lei, X.; Qiu, S.; Yang, G.; Wu, Q. Adiponectin and Metabolic Cardiovascular Diseases: Therapeutic Opportunities and Chal-
lenges. Genes Dis. 2022, in press. https://doi.org/10.1016/j.gendis.2022.10.018.

He, X,; Li, Z,; Tang, X.; Zhang, L.; Wang, L.; He, Y.; Jin, T.; Yuan, D. Age- and Sex-Related Differences in Body Composition in
Healthy Subjects Aged 18 to 82 Years. Medcine 2018, 97, e11152. https://doi.org/10.1097/MD.0000000000011152.

Beavers, K.M.; Ambrosius, W.T.; Rejeski, W.].; Burdette, ].H.; Walkup, M.P.; Sheedy, J.L.; Nesbit, B.A.; Gaukstern, J.E.; Nicklas,
B.J.; Marsh, A.P. Effect of Exercise Type During Intentional Weight Loss on Body Composition in Older Adults with Obesity.
Obesity 2017, 25, 1823-1829. https://doi.org/10.1002/oby.21977.

You, T.; Arsenis, N.C.; Disanzo, B.L.; LaMonte, M.]. Effects of Exercise Training on Chronic Inflammation in Obesity. Sports Med
2013, 43, 243-256. https://doi.org/10.1007/s40279-013-0023-3.

Buford, T.W.; Anton, S.D.; Judge, A.R.; Marzetti, E.; Wohlgemuth, S.E.; Carter, C.S.; Leeuwenburgh, C.; Pahor, M.; Manini, T.M.
Models of Accelerated Sarcopenia: Critical Pieces for Solving the Puzzle of Age-Related Muscle Atrophy. Ageing Res. Rev. 2010,
9, 369-383. https://doi.org/10.1016/j.arr.2010.04.004.

Santanasto, A.]J.; Goodpaster, B.H.; Kritchevsky, S.B.; Miljkovic, L; Satterfield, S.; Schwartz, A.V.; Cummings, S.R.; Boudreau,
R.M.; Harris, T.B.; Newman, A.B. Body Composition Remodeling and Mortality: The Health Aging and Body Composition
Study. J. Gerontol. Ser. A 2017, 72, 513-519. https://doi.org/10.1093/gerona/glw163.

Furuhashi, M.; Fucho, R.; Gorgiin, C.Z.; Tuncman, G.; Cao, H.; Hotamisligil, G.S. Adipocyte/Macrophage Fatty Acid-Binding
Proteins Contribute to Metabolic Deterioration through Actions in Both Macrophages and Adipocytes in Mice. |. Clin. Investig.
2008, 118, 2640-2650. https://doi.org/10.1172/JCI34750.

Teixeira, J.E.; Bragada, J.A.; Bragada, J.P.; Coelho, ].P.; Pinto, I.G.; Reis, L.P.; Fernandes, P.O.; Morais, J.E.; Magalhaes, P.M.
Structural Equation Modelling for Predicting the Relative Contribution of Each Component in the Metabolic Syndrome Status
Change. Int. |. Environ. Res. Public Health 2022, 19, 3384. https://doi.org/10.3390/ijerph19063384.

Forte, P.; Pinto, P.; Barbosa, T.M.; Morais, ].E.; Monteiro, A.M. The Effect of a Six Months Multicomponent Training in Elderly’s
Body Composition and Functional Fitness—A  before-after = Analysis. = Motricidade 2021, 17, 34-41.
https://doi.org/10.6063/motricidade.20221.

Monteiro, A.M.; Rodrigues, S.; Matos, S.; Teixeira, J.E.; Barbosa, T.M.; Forte, P. The Effects of 32 Weeks of Multicomponent
Training with Different Exercises Order in Elderly Women'’s Functional Fitness and Body Composition. Medicina 2022, 58, 628.
https://doi.org/10.3390/medicina58050628.

Kemmler, W.; von Stengel, S.; Engelke, K.; Héberle, L.; Mayhew, J.L.; Kalender, W.A. Exercise, Body Composition, and Func-
tional Ability: A Randomized Controlled Trial. Am. J. Prev. Med. 2010, 38, 279-287. https://doi.org/10.1016/j.amepre.2009.10.042.
Padilla Colén, C.J.; Molina-Vicenty, L.L.; Frontera-Rodriguez, M.; Garcia-Ferré, A.; Rivera, B.P.; Cintrén-Vélez, G.; Fronte-
ra-Rodriguez, S. Muscle and Bone Mass Loss in the Elderly Population: Advances in Diagnosis and Treatment. ]. Biomed. 2018, 3,
40-49. https://doi.org/10.7150/jbm.23390.

Bird, S.R.; Hawley, ].A. Update on the Effects of Physical Activity on Insulin Sensitivity in Humans. BM] Open Sport Exerc. Med.
2017, 2, e000143. https://doi.org/10.1136/bmjsem-2016-000143.

Kendall, K.L.; Fairman, CM. Women and Exercise in Aging. ] Sport Health Sci. 2014, 3, 170-178.
https://doi.org/10.1016/j.jshs.2014.02.001.

Rodrigues, F.; Jacinto, M.; Figueiredo, N.; Monteiro, A.M.; Forte, P. Effects of a 24-Week Low-Cost Multicomponent Exercise
Program on Health-Related Functional Fitness in the Community-Dwelling Aged and Older Adults. Medicina 2023, 59, 371.
https://doi.org/10.3390/medicina59020371.

Fragala, M.S.; Cadore, E.L.; Dorgo, S.; Izquierdo, M.; Kraemer, W.].; Peterson, M.D.; Ryan, E.D. Resistance Training for Older
Adults: Position Statement from the National Strength and Conditioning Association. J. Strength Cond. Res. 2019, 33, 2019.
https://doi.org/10.1519/JSC.0000000000003230.

Izquierdo, M.; Merchant, R.A.; Morley, J.E.; Anker, S.D.; Aprahamian, I.; Arai, H.; Aubertin-Leheudre, M.; Bernabei, R.; Cadore,
E.L.; Cesari, M.; et al. International Exercise Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines. J. Nutr.
Health Aging 2021, 25, 824-853. https://doi.org/10.1007/s12603-021-1665-8.

Reed, J.L.; Pipe, A.L. The Talk Test: A Useful Tool for Prescribing and Monitoring Exercise Intensity. Curr. Opin. Cardiol. 2014, 29,
475. https://doi.org/10.1097/HCO.0000000000000097.

Borg, G. Borg’s Perceived Exertion and Pain Scales; Borg’s perceived exertion and pain scales; Human Kinetics: Champaign, IL,
USA, 1998; pp. viii, 104, ISBN 978-0-88011-623-7.

Achamrah, N.; Colange, G.; Delay, J.; Rimbert, A.; Folope, V.; Petit, A.; Grigioni, S.; Déchelotte, P.; Coéffier, M. Comparison of
Body Composition Assessment by DXA and BIA according to the Body Mass Index: A Retrospective Study on 3655 Measures.
PLoS ONE 2018, 13, e0200465. https://doi.org/10.1371/journal.pone.0200465.

Teixeira, J.; Bragada, J.; Bragada, J.; Coelho, J.; Pinto, L; Reis, L.; Magalhaes, P. The Prevalence of Metabolic Syndrome and Its
Components in Braganca District, North-Eastern Portugal: A Retrospective Observational Cross-Sectional Study. Rev. Port.
Endocrinol. Diabetes E Metab. 2022, 17, 51-57. https://doi.org/10.26497/a0210038.

Hejazi, K.; Askari, R.; Hofmeister, M. Effects of Physical Exercise on Bone Mineral Density in Older Postmenopausal Women: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Arch. Osteoporos. 2022, 17, 102.
https://doi.org/10.1007/s11657-022-01140-7.



Appl. Sci. 2023, 13, 6163 12 of 12

30.

31.

32.

33.

34.

35.

36.

37.

Karinkanta, S.; Heinonen, A.; Sievanen, H.; Uusi-Rasi, K., Pasanen, M.; Ojala, K.; Fogelholm, M.; Kannus, P. A Mul-
ti-Component Exercise Regimen to Prevent Functional Decline and Bone Fragility in Home-Dwelling Elderly Women: Ran-
domized, Controlled Trial. Osteoporos. Int. 2007, 18, 453—462. https://doi.org/10.1007/s00198-006-0256-1.

Cantor, A.G.; Nelson, H.D.; Pappas, M.; Atchison, C. Preventing Obesity in Midlife Women: A Systematic Review for the
Women'’s Preventive Services Initiative. Ann. Intern. Med. 2022, 175, 1275-1284. https://doi.org/10.7326/M22-0160.
Theodorakopoulos, C.; Jones, ].; Bannerman, E.; Greig, C.A. Effectiveness of Nutritional and Exercise Interventions to Improve
Body Composition and Muscle Strength or Function in Sarcopenic Obese Older Adults: A Systematic Review. Nutr. Res. 2017,
43, 3-15. https://doi.org/10.1016/j.nutres.2017.05.002.

Monteiro, A.M,; Silva, P.; Forte, P.; Carvalho, J. The Effects of Daily Physical Activity on Functional Fitness, Isokinetic Strength
and Body  Composition in  Elderly = Community-Dwelling =~ Women.  JHSE 2019, 14, 385-389.
https://doi.org/10.14198/jhse.2019.142.11.

Normandin, E.; Chmelo, E.; Lyles, M.F.; Marsh, A.P.; Nicklas, B.J. Effect of Resistance Training and Caloric Restriction on the
Metabolic Syndrome. Med. Sci. Sports Exerc. 2017, 49, 413—-419. https://doi.org/10.1249/MSS.0000000000001122.

Cardinal, B.J. Toward a Greater Understanding of the Syndemic Nature of Hypokinetic Diseases. . Exerc. Sci. Fit. 2016, 14, 54—
59. https://doi.org/10.1016/.jesf.2016.07.001.

Seco, J.; Abecia, L.C.; Echevarria, E.; Barbero, I.; Torres-Unda, J.; Rodriguez, V.; Calvo, J.I. A Long-Term Physical Activity
Training Program Increases Strength and Flexibility, and Improves Balance in Older Adults. Rehabil. Nurs. 2013, 38, 37-47.
https://doi.org/10.1002/rnj.64.

Rodrigues, F.; Teixeira, D.S.; Neiva, H.P.; Cid, L.; Monteiro, D. The Bright and Dark Sides of Motivation as Predictors of En-
joyment, Intention, and Exercise Persistence. Scand. ]. Med. Sci. Sports 2020, 30, 787-800. https://doi.org/10.1111/sms.13617.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



