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Abstract: Regular physical activity (PA) plays an important role in the prevention of several nonin-
fectious chronic diseases, partly due to its positive effects on body composition. The relationship
between the amount of weekly PA and body composition in premenopausal women, however,
remains unclear. The objective of the study is to assess the relationship between body composition
and the volume of PA in full-time employed premenopausal women. The study included 136 women
(aged 41.07 & 2.77 years). The women were divided into tertiles (T1-T3) according to the level of
total reported weekly PA. T1 were women with the lowest volume of PA, T2 were women with
a medium volume, and T3 were women with the highest PA volume. DXA was used to measure
body mass (BM), body fat (BF), visceral fat (VFA), and fat-free mass (FFM). For the comparison of
means, we used one-way ANOVA and a ¢ test. Practical significance was verified with effect of size.
Significant differences were found between women in T1 vs. T2 and T1 vs. T3. When compared
with T2, T1 women had a higher BM (+6.10 kg), BF (+5.98 kg), BF (+5.42%), and VF (+17.49 cm?).
When compared with T3, T1 women had a higher BM (+5.99 kg), BF (+6.42 kg), BF (+5.89%), and
VFA (+20.71 cm?). We can conclude that a higher volume of weekly PA is associated with lower BF,
but appears to have no effect on FFM.

Keywords: physical activity; body composition; whole body analysis; segmental analysis; appendic-
ular index; weight status

1. Introduction

Between 2013 and 2018, the prevalence of physical inactivity (PIA) in middle-aged
women increased substantially in the countries of the European Union (EU) [1]. Moreover,
the World Health Organization (WHO) reported a 15% prevalence of obesity in women [2].
Middle-aged women approaching menopause often see body fat increase and fat-free
mass decrease [3]. Adipose tissue considerably contributes to maintaining the energy
homeostasis of a healthy human body. A dysfunction in the formation of endocrine
mediators (such as adipokines) may lead to the occurrence of serious metabolic diseases
besides obesity, including metabolic syndrome, lipodystrophy, and cachexia [4]. Current
study has indicated a strong relation between adipose and muscle tissue [5]. Unlike that
in healthy and slim individuals, adipose tissue in obese people creates proinflammatory
adipokines that induce and exacerbate the weakening of muscle mass and strength. This
results in the ectopic accumulation of fat in the skeletal muscles and in creating a positive
feedback on adipose tissue [6]. Increased weight (overweight and obesity) usually leads
to a reduction in the overall amount of physical activity. Consequently, muscles that are
not used decrease in mass. Individuals who do not perform physical activity experience
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a regular loss of FFM and, thus, muscle mass of 0.34-1.28% per year, starting at the age
of 30 [7]. This reduction rapidly increases in women about two years before their final
menstrual period (FMP) [3]. Muscles infiltrated with fat tissue inhibit the muscle cross-
section from corresponding with their produced strength [4]. Such changes can lead to
an early stage of sarcopenia. Sarcopenia is a serious muscle disease, characterized by
low levels of three parameters: muscle strength, quality /quantity of muscle tissue, and
physical performance [8]. Sarcopenia limits everyday function and contributes to invalidity,
decreasing one’s independence and self-reliance [9,10]. The risk of sarcopenia increases
with age, and it is most prevalent in individuals 60+ years of age [11,12]. Nonetheless,
study data from Bijlsma et al. [13] illustrated a prevalence in women younger than 60
of 1.6-15.6%, depending on age and the diagnostic criteria used. Considering that an
early diagnosis of sarcopenia is essential for successful treatment [14], it is important to
gather data on the quality of muscle tissue and the level of physical activity of women
approaching menopause. Evidence indicates that sarcopenia can be prevented, delayed, or
even reversed with suitable intervention of exercise [15]. One of the options for assessing
sarcopenia is using body composition to calculate the appendicular index, based on the
DXA measurement [16].

Regular physical activity (PA) is important in the prevention of many noninfectious
chronic diseases, such as cardiovascular diseases, cancer, type 2 diabetes, obesity, bone
health degradation, and increased disability. Physical activity is a fundamental life need
and its lack influences the individual’s basic morphology, state of health, well-being, and
physical performance [17-19]. Importantly, PA is a modifiable, controllable parameter that
considerably influences the individual’s condition [20]. In contrast, physical inactivity,
in combination with inappropriate nutrition and increased stress, increases the risk of
occurrence of the abovementioned diseases. There is strong research evidence that a
sedentary lifestyle is more common in obese individuals than in individuals with normal
weight [21]. Middle-aged women should follow the recommendations of WHO for PA,
designed for a healthy adult population (18-64 years old). The recommendation is for
a minimum of 150 min of moderate-intensity aerobic PA, or at least a minimum of 75 min
of vigorous-intensity aerobic PA per week [22]. Unfortunately, available population data
confirm the failure to follow the recommendations, resulting in insufficient physical activity,
especially in populations in Latin America and the Caribbean, south Asia, and high-income
Western countries [23]. In total, 42.3% of women undertake insufficient PA, 11.1% more
than men. Studies dealing with PA patterns in healthy middle-aged women have found
that as many as 74.1% of women do not follow the PA recommendations in the case of
leisure activities. When multiple domains are included in the total PA, 26.6% of middle-
aged women do not meet the PA recommendations [24]. There are currently no studies
in the Czech Republic that assess the relation between the volume of performed weekly
physical activity and body composition in premenopausal women.

Based on the aforementioned findings, the following working hypothesis can be
defined: an increasing amount of weekly physical activity of premenopausal women leads
to improved body composition parameter values, a lower ratio of body fat and visceral
fat, and a higher ratio of fat-free mass. The amount of physical load in active women
leads to changes in FFM and BF in lower limbs that are preferentially exposed to load
during exercise. Since the literature indicates a protective effect of physical activity on
body composition, we set out to test the relationship between the amount of implemented
weekly leisure physical activity and the volume of body fat and fat-free mass in full-time
employed premenopausal women.

2. Materials and Methods
2.1. Participants
The study participants included 145 women, aged between 36 and 45 years, who

met all the criteria for inclusion in the Healthy Ageing in Industrial Environment Study—
Program 4 (4HAIE). The study participants were recruited via a stratified recruitment
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strategy, with the assistance of a professional marketing and social science research com-
pany in the regions of North Moravia and South Bohemia, each with a different influence
of external environmental factors due to long-term industrial activity. The input criteria for
inclusion in the basic study set were: aged between 18 and 65 years; non-smoking; able to
perform normal physical activity including running (i.e., no medical restrictions on physical
activity mandated by a physician); residing in the region for the past five years, without any
plans to move in the following year; having a smart phone and access to the Internet (Wi-Fi
or data). The common exclusion criteria included: acute (in the past six weeks) medical
issues (pain, injury, surgery) preventing normal physical activity, other acute illnesses;
pregnancy; radiological examination in the past seven days; factors that would exclude a
graded exercise test or magnetic resonance examination (such as a pacemaker, radioactive
or surgical devices/implants, insulin pump); being menopausal or having strong menstrual
irregularities that may indicate early menopause. We introduced a subset from the basic
selection for further assessment that respected the regular physical activity of women. The
classification criteria were the following: a group of active “runners” (regular running in
the last six weeks, at least 10 km per week) and a group of “inactive” individuals who
did not meet the public recommendations on physical activity (i.e., who performed fewer
than 150 min of physical activity at moderate or vigorous intensity) were recruited in
each region [22]. A detailed protocol of functional and morphological measurements was
described in Cipryan et al. [25]. Nine women were excluded due to incomplete data or
outlying values, resulting in a sample of n = 136.

The main objective of the 4HAIE study was to assess the effect of air pollution on
health, physical activity, and aging. The study focused on the adult population in two
regions of the Czech Republic. The Moravian-Silesian Region is a region with heightened
air pollution, and the South Bohemian Region is a control region with relatively low levels
of air pollution [22].

2.2. Procedures

Participation in the study was voluntary, and all the participants signed informed
consent agreements that they received during the initial measurements in the laboratory.
Details about the 4HAIE study design, methods, and measurement protocol are available
in previous publications. The physiological and anthropometric protocol was presented
in the publication by [25]; the behavioral, psychological, and neuroimaging protocol was
presented in the publication by [26]; the biomechanical and musculoskeletal protocol was
presented in the publication by [27]. The study was approved by the ethics committee
of the University of Ostrava (protocol code OU-87674/90-2018 and date of approval 29
November 2018), and was in compliance with the Helsinki Declaration.

2.3. Physical Activity Assessment

Physical activity after joining the 4HAIE study was assessed using The Leisure-Time
Exercise Questionnaire (LTEQ) [28], administered online via the Qualtrics platform within
a longer baseline questionnaire. The wording was modified to reflect leisure-time physical
activity (not only physical exercise). The LTEQ is a self-report questionnaire that records
the amount of average weekly PA in the previous month at three intensity levels (strenuous,
moderate, light). Participants specifically state the weekly frequency and duration of the
activity (for activities of a minimum duration of 10 min) that they performed in the previous
month in their leisure time outside work. The LTEQ score thus reflects the total average
level of leisure-time PA (also called Leisure Score Index; LSI), calculated by multiplying the
number of reported PA episodes by 3, 5, and 9 metabolic equivalents (MET) and adding
them up. The questionnaire is considered a valid and reliable instrument for measuring PA
in the adult population [29]. The results of the LTEQ questionnaire are presented in Table 1.
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Table 1. Reported level of physical activity under LTEQ.
Group
Variabl
ariable Total (1 = 136) T1 (n = 47) T2 (1 = 45) T3 (1 = 44)
*LTEQ-M + SD 41.90 + 23.06 18.81 £ 8.14 40.42 +4.26 68.09 +17.11
Min 5 5 32 48
Max 119 30 47 119

LTEQ—Leisure-time exercise questionnaire, * the values in the table represent LSI before log transformation, M—
Mean, SD—standard deviation, Min—minimum values, Max—maximum values, T1—lowest tertile, T2—medium
tertile, T3—highest tertile, n—frequency.

2.4. Somatic Measurements

To ensure standard conditions of measurement, the participants were admitted to
the research center 15 h prior to the measurement (they slept in the sleep laboratory).
Measurements started at 8:30 a.m. All measurements were taken in the following order:
body height (BH), body mass (BM), body composition. BH and BM, which are the input
parameters for the bone densitometer software, were measured using the InBody BSM
370 stadiometer (Biospace, South Korea). The measured body composition parameters
included: body mass (BM), body fat (BF), fat-free mass (FFM), and visceral fat (VF).
Furthermore, the segmental distribution of BM and BF was measured. To measure body
composition, the DXA method was used, with a Hologic QDR Horizon A bone densitometer
(Hologic, Waltham, MA, USA). The positions during the measurement and the measured
segments were presented in the protocol article [25]. The appendicular index was calculated
to assess the risk of the occurrence of sarcopenia [16]. Weight status was assessed with BMI
(kg/ m?) according to WHO: <18.49 (kg/ mz)—underweight, 18.50-24.99 (kg/ m?)—normal
weight, 25.00-29.99 (kg/m?)—overweight (pre-obesity), 30.00-34.99 (kg/m?)—obesity class
I, >35.00 (kg/m?)—obesity class II.

2.5. Statistics Analysis

For the analysis, the study sample was divided into three groups according to the level
of reported leisure-time physical activity (PA) by division into tertiles: (1) lowest tertile—
lowest PA volume (T1); (2) medium tertile—medium PA volume (T2), (3) highest tertile—
high PA volume (T3). The classification into tertiles was made using log-transformed data
in view of abnormal distribution.

One-way ANOVA was used to compare differences in the means of whole-body
and segmental analyses. The post hoc test was used to determine statistically significant
differences between the groups. The t test was used to analyze the symmetry of BM and
BF distribution in the upper and lower extremities. The level of statistical significance for
all used tests was set at o = 0.05.

Practical significance was verified for values that indicated a statistically significant
difference. Practical significance was assessed using the effect of size (ES) by Cohen
(Cohen’s d). The d value at the level of 0.2 indicated a minor difference, 0.5 an intermediate
difference, and 0.8 a major difference [30]. We considered the value of Cohen’s d > 0.5 to
be practically significant.

The statistical processing of the results was performed using IBM SPSS Statistics
(Version 24; IBM, Armonk, NY, USA).

3. Results
3.1. Sample Characteristics

The demographic values of the sample are presented in Table 2. The majority of
women were married, highly educated, with an average self-reported economic family
standing.
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Table 2. Demographic characteristics of the sample.
. Total T1 T2 T3
Variable (n =136) (n =47) (n = 45) (n = 44)
Age (years) M + SD M + SD M + SD M + SD
ge lyears 4107 £277 4077 £2.60 4129281 41.16 +2.93
n (%) n (%) n (%) n (%)
Single 10 (7%) 7 (15%) 2 (4%) 1(2%)
Marital Married 90 (66%) 31 (66%) 26 (58%) 33 (75%)
arital status Cohabitation 13 (10%) 4 (9%) 8 (18%) 1(2%)
Divorced 22 (16%) 5 (11%) 8 (18%) 9 (21%)
Widow 1 (0.7%) 0 (0%) 1 (2%) 0 (0%)
Trained, high school without o o o o
school leaving certificate 8 (6%) 2 (4%) 2 (4%) 4 %)
Education High school with school 56 (41%) 20 (43%) 21 (47%) 15 (34%)
leaving certificate
Higher vocational 7 (5%) 0 (0%) 4 (9%) 3 (7%)
University 65 (48%) 25 (53%) 18 (40%) 22 (50%)
L . . Below average 4 (3%) 1(2%) 2 (4%) 1(2%)
I?;;";;)Snelslzes;tgatiﬁz Oi rtﬂilfa;rg?)’ Average 110 (81%) 37 (79%) 35 (78%) 38 (91%)
y the particip Above average 22 (16%) 9 (19%) 8 (18%) 5 (7%)

Tl—women in the lowest tertile, T2—women in the medium tertile, T3—women in the highest tertile, n—frequency in individual tertiles,
M—mean, SD—standard deviation.

In terms of sociodemographic differences across the tertiles, there were no differences
in age between the T1, T2, and T3 groups. However, the individual groups of women
differed in marital status, education, or the economic situation of the family. T1 had the
most single women; T3 had the most married and divorced women; T2 had the most
women living in cohabitation. T3 had the most women without a high school education
certificate; T2 had the most women with a high school certificate and higher vocational
education; T1 had the most women with a university education. T2 had the most women
who assessed the economic situation in their families as below average; T3 women reported
an average economic situation, and T1 women were above average economically.

3.2. Whole-Body Analysis

Table 3 presents the mean values of the whole-body analysis of body composition.
The comparison of differences in the mean values of the whole-body analysis between
the monitored groups is presented in Table 4. The whole-body analysis also included the
assessment of weight status by BMI (Table 5).

Table 3. Mean values of whole-body analysis of body composition in monitored women in the
individual tertiles and differences determined by ANOVA (* statistically significant difference, N> no
significant difference).

Parameters T1 (n = 47) T2 (n = 45) T3 (n = 44)
M + SD M + SD M + SD

BH (cm) NS 167.30 + 6.23 168.85 + 5.78 168.29 + 6.39

BM (kg) * 72.38 + 13.44 66.28 4 10.55 66.39 4 9.20

BMI (kg/m2) * 25.29 4 4.59 22.60 + 3.29 22.76 + 2.60

BF (kg) * 27.22 + 8.88 21.24 + 6.68 20.80 + 5.51

BF (%) * 36.81 +5.73 31.39 +5.28 30.92 + 4.52

FFM (kg) NS 45.16 + 5.72 45.04 +4.92 45.59 +4.76

FFM (%) * 63.19 + 5.73 68.61 + 5.28 69.08 + 4.52

VFA (cm2) * 70.35 4 36.21 52.86 + 31.79 49.64 +18.31
App. index (kg/m2) NS 6.53 &+ 0.79 6.45 + 0.60 6.60 £ 0.57

BH—body height, BM—body mass, BMI—body mass index, BE—body fat, FFM—fat-free mass, VFA—visceral fat
area, App. index—Appendicular fat-free mass/body height2, M—mean, SD—standard deviation, n—frequency.
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Table 4. Results of the post hoc tests of the whole-body analysis of the monitored women.

T1vs. T2 T1vs. T3 T2 vs. T3
Parameters diff d diff d diff d
BM (kg) +6.10 % 0.50 +5.99 * 0.52 +0.23 18 -
BMI (kg/m?2) +2.69 ** 0.67 +2.53 ** 0.67 —0.071s -
BF (kg) +5.98 *** 0.76 +6.42 *** 0.86 +0.58 1S -
BF (%) 45,40 0.98 +5.89 *+* 1.14 +0.54 18 -
FFM (%) 5, 4D * 0.98 —5.89 *** 1.14 —0.54 18 -
VFA (cm?) +17.49 * 0.51 +20.71 ** 0.71 +3.8 1 -

diff—difference, -—Cohen s d, "™—not significant, * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 5. Weight status assessment by BMI (kg/m?) according to WHO.

Grou <18:49 18.50-24.99  25.00-29.99  30.00-34.99 >35.00
P 1 (%) 1 (%) 1 (%) 1 (%) 1 (%)
T1 (n = 47) 26 (55.3) 13 (27.7) 6 (12.8) 2(4.2)
T2 (n = 45) 3(6.7) 34 (75.5) 7 (15.6) 1(2.2)
T3 (n = 44) 36 (81.8) 8(18.2)

n—frequency.

Statistically significant differences were detected in the parameters of BM, BMI, BE,
FFM (%), and VFA. The post hoc test was performed with these parameters, and the results
are presented in Table 4.

Table 4 presents only the parameters that the ANOVA showed to be statistically signif-
icant (Table 3). The average values of all monitored parameters in T1 women presented in
Table 4 differed significantly when compared with the mean values of T2 and T3 women.
Moreover, practical significance was proven in all parameters (d > 0.5). When compared
with T2 and T3 women, T1 women had a higher body weight, given the higher value of
body fat, which was also manifested in their higher fat ratio percentage and lower fat-free
mass ratio percentage. T1 women also had a significantly higher amount of visceral fat.

When comparing the mean values of T2 and T3 women, we found higher body
mass, body fat, and visceral fat in T2 women, and lower values of the fat-free mass ratio
percentage. However, the differences between T2 and T3 women were not statistically
significant.

We assessed the weight status based on a detailed BMI analysis of the individual
participants and their classification in BMI assessment categories according to the World
Health Organization [31] (Table 5).

The differences found in body height between the groups of women were not signifi-
cant. T1 women had a significantly higher body mass than T2 and T3 women (Tables 3 and 4).
This significant difference was reflected in the significantly higher mean value of BMI in
T1 women when compared with the mean values of women in T2 and T3 (Table 4). The
differences in BMI were also apparent across the tertiles. Normal weight was found in
55.3% of T1 women; overweight and obesity in 44.7%. A total of 17% of the women in T1
were obese.

When comparing T2 and T3 women, although the differences in mean values were
statistically insignificant (Table 4), there were slight differences in the weight status assess-
ment. T3 showed a higher number of women in the normal weight category (81.8%) and
no woman was in the obese category. In the T2 group, there was one woman in the obese
category (2.2%) and three women in the underweight category (6.7%). Those differences
were reflected in a larger dispersion of values in T2 women than in T3 women (Table 3).

3.3. Segmental Analysis
The mean of the segmental body mass and body fat is presented in Figure 1.
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Figure 1. Mean values of segmental body mass and body fat distribution in the monitored women. (A) Distribution of BM
and BF in upper limbs, (B) Distribution of BM and BF in lower limbs, (C) Distribution of BM and BF in the trunk. ™ not
significant, * p < 0.05, ** p < 0.01, *** p < 0.001.

3.3.1. Limb Symmetry Assessment

The segmental analysis of symmetry was assessed based on the body mass and body
fat ratio in the upper and lower limbs (Figure 1A,B). The results of the analysis showed
that practically no meaningful asymmetries were found in the upper and lower limbs of
women in all monitored groups, although some statistically significant differences were
found (p < 0.05-0.001).

3.3.2. Segment Assessment

The differences in the BM and BF segmental analysis between the monitored groups
of women are presented in Figure 1. The analysis of the individual body segments (arm,
leg, trunk) suggested that the segment weight, as well as the BF ratio in the T1 group with
the lowest physical activity, were higher than in T2 and T3 (Figure 1). The differences were
both statistically significant and practically meaningful (d > 0.5). The comparison of the
mean values of body mass and body fat in limbs and trunk between T2 and T3 women
showed that T2 women had a higher segment weight, as well as a higher BF ratio in the
upper limbs and trunk; however, the differences were not statistically significant. The
found segmental differences mirrored the differences in total weight (as a percentage, as
well as in total).

4. Discussion

The essential outcome of the assessment of total body mass in the monitored women
was the finding that women with the lowest volume of leisure-time PA (T1) had the least
favorable body composition. Although the occurrence of overweight was lower and obesity
was higher in these women than the rates reported by the WHO [2], the values were within
the expected ranges of values reported in the Czech Republic. Eurostat data showed the
prevalence of overweight women at 30.1% and obesity at 18.3% [32]; similar values were
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also reported by the Czech Statistical Office [33]. The BMI values determined in women
with a medium (T2) and a high volume of PA (T3) were considerably lower.

The considerably lower body fat ratio found in women with a medium (T2) and a
high volume of PA (T3) when compared with the values of the women with the lowest
volume of PA (T1) corresponded to the differences in their weight status. The differences
found in body fat were not only significant, but also considerably higher than the stated
error of measurement in body fat assessment using the bone densitometer [34]. The lower
BF ratio in T2 and T3 women was also related to the higher fat-free mass ratio, which was
suggested by the weight differences. In general, lower body fat values and higher fat-free
mass values reduce the risk of cardiac metabolic diseases [35,36]. Based on our results, we
can conclude that the aforesaid also applies to the women in the study with a medium
(T2) and a high volume of PA (T3). This is important especially in view of the fact that
BF increases and FFM decreases in women as they age [37]. Distinct changes in women’s
body composition occur in relation to menopause [3]. The results of a study based on the
data from the Study of Women’s Health Across the Nation (SWAN) showed that there is
a considerable increase in BF, accompanied by a decrease in FFM about 2 years prior to
the final menstrual period (FMP) and these changes slow down about 1.5 years after the
FMP. After this period, the aforementioned changes (BF increase and FFM decrease) occur
evenly [3].

To confirm the total weight status based on BMI, we also compared the percentage
ratios of body mass and body fat weight in the whole-body and segmental analyses
between the groups of monitored women. The ratio of total weight and body fat weight
was preserved even in the ratio in the limb segments (upper and lower). Differences in
the ratios of total weight and body fat weight in the trunk were higher than in the limbs
between T1 and T2, and between T1 and T3. The only difference in the ratio in the trunk
and in the limbs between T2 and T3 was found in the body fat weight. The differences
in the visceral fat values, expressed as an area in this study (VFA), were caused by the
different values for the amount of fat in the trunk. The significantly higher VFA values
in women with the lowest volume of PA (T1) indicated an increased risk of overweight,
obesity, cardiovascular and metabolic complications, as shown by studies confirming links
between visceral fat, cardiovascular complications, obesity, and type 2 diabetes [38-40].
The risk of visceral fat is determined by its higher metabolic activity than the activity of
subcutaneous fat [41].

Overweight and obesity usually act as demotivational factors for regular physical
activity. The evidence for this lies in the increasing number of people who are overweight
or obese [2]. Muscles not exposed to load have a clear tendency to atrophy, the muscle
cross-section decreases, and sarcopenia starts to develop, which can be assessed using the
appendicular index, based on the DXA measurement. This process develops consider-
ably from the onset of middle age and becomes more significant with increasing age [7].
Another consequence is the reduced ability of the organism to produce strength, which
may influence the independence and self-care of individuals, together with a reduction in
regeneration after workload. Our appendicular index results did not show any significant
differences in the mean values between the individual groups of women. The mean value
of the appendicular index did not drop below its limit value of 5.67 kg/m? in any of the
monitored groups of women [16]. However, we did find differences in results during the
detailed analysis. We determined the index value < 5.67 kg/m? in six women (12.66%)
with the lowest volume of PA (T1), in four women (8.89%) with the medium volume of PA
(T2), and none in the group with the highest volume of PA (T3). Therefore, less physically
active women are potentially at a higher risk of sarcopenia during their aging.

We did not find any significant differences in the values of body fat and fat-free mass
between women with the medium (T2) and the highest volumes of PA (T3). Nevertheless,
the differences found were higher than the average typical error of measurement (TE)
and upper limit confidence interval [34]. The results thus indicated that even a medium
level of weekly PA has a considerable impact on the distribution and size of the adipose
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tissue, and, thus, on cardiac metabolic risk, as well as the risk of sarcopenia assessed by the
appendicular index.

The higher volumes of performed PA in the T2 and T3 groups of women were de-
termined by the preference for running in these groups. These women met the inclusion
criteria for runners in Program 4HAIE. We can thus presume that running has a positive
effect on the risk of obesity and sarcopenia in premenopausal women. This presumption
was also confirmed by the results of studies on the impact of running on the state of health.
Research has suggested that running has a positive effect on the cardiovascular, metabolic,
musculoskeletal, and neurocognitive system, reducing premature mortality in runners by
25-40%, and increasing their life expectancy by up to three years when compared with
nonrunners [42,43]. A similar effect can be achieved by activities that put a load on large
muscle groups.

Our presumption of a relationship between the volume of implemented weekly leisure-
time physical activity and the quantity of body fat and fat-free mass in premenopausal
women was only confirmed for body fat. Furthermore, the study showed that the volume
of performed weekly PA was essential in the reduction of body fat in full-time employed
premenopausal women, but it did not affect fat-free mass and, thus, the quantity of muscle
tissue. The question that needs to be answered is, ‘what is the minimum amount of physical
activity that induces significant changes?’, which is important for women at this age. For
example, the results of one systematic review stated that no significant changes in the
values of visceral fat (VF) were found at a volume of exercise of around 150 min per week,
which is the current, generally recommended volume. The effective amount of exercise
to lower VF in this review was 30-60 min of high-intensity interval training three times a
week [44].

The aforementioned results and the data that we collected only enabled us to partially
accept the set working hypothesis. Only the values of the T1 women differed significantly
(lowest volume of PA). No significant differences were found between the T2 (medium
volume of PA) and T3 (highest volume of PA) women.

The effects of energy metabolism as well as adipose and muscle tissue metabolism
count among other factors that may affect the results obtained by us. The way of covering
energy requirements, which varies depending on the current state of health, intensity of
strain, current level of fitness and age, is the basic metabolic function. This is also affected
by the availability of nutrients, which are primarily used to ensure movement. People with
higher physical activity also have a higher positive nitrogen balance, with a consequent
effect on the volume of muscle tissue. Movement control (the technique of carrying out
movement), including hormonal control, constitutes another variable that affects energy
metabolism. Increased weight, which affects the onset of fatigue, is an important factor
as well. Therefore, weight reduction is vital for rehabilitation. Weight reduction is also
important in view of the fact that obesity gives rise to hypertrophy, hyperplasia and in-
flammatory activation of adipose tissue, leading to the accumulation of macrophages and
lymphocytes that produce proinflammatory cytokines [4]. These changes subsequently
not only lead to a negative effect on muscle tissue, but also have a significant effect on the
development of insulin resistance [45]. We consider primary and secondary prevention, as
well as non-pharmacological interventions, to be of key importance. The overall physical
regime, spontaneous and controlled physical activities, achieved education and the nature
of one’s work, play a substantial role. More detailed information and outcomes could be
provided by multiple regression, where the components of body composition would be
the dependent variable, while the types of physical activity, its intensity, weight status,
education and the nature of work activity of the monitored individuals would be the
independent variables. Year-round (long-term) monitoring is required to eliminate any
seasonal fluctuations in physical activity, diet and related changes in body composition
components. Furthermore, the object of the physical activity monitoring should be in-
creased as a self-reporting check. The findings from monitoring ontogenetic changes would
also be an important contribution.
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5. Limitations

This study has several limitations. The first limitation is the fact that it was a cross-
sectional study that indicated a relation between the monitored variables, but did not
provide evidence of causal relations. The study also did not allow for an unambiguous
assessment of the effect of age and season of the year. These facts limit the generalization of
results. The second limitation is the composition of the monitored groups. The monitored
groups of women differed in demographic characteristics. At the same time, all groups
had a significantly higher ratio of women with university education than was the national
average, which is 30% of women in the 35-44 year age category [46]. The third limitation
involves not having assessed the influence of diet or caloric intake. We are aware that diet
is an important factor that may influence body composition, namely, its fat component.
However, the 4HAIE project protocol did not include a validated assessment of diet. The
fourth limitation is the assessment of physical activity via self-report, which is subject to
various forms of distortion. The 4HAIE study included an objective assessment of physical
activity via Fitbit Charge 3 monitors. Subsequent analysis of the entire 4HAIE cohort will
include this parameter. Another limitation that prevents the generalization of results is the
size of the group.

6. Conclusions

The study results indicated that the volume of weekly leisure-time physical activity
is reflected in the body composition of premenopausal women. The increased volume
of performed weekly physical activity in women led to lower values of body mass and
body fat ratio and a higher fat-free mass ratio without a significant increase in the total
weight. The reduced body fat was most obvious in the trunk. Obesity contributes to the
development of sarcopenia as early as middle age, which may affect the pursuit of physical
activities, as well as independence and self-care, together with reduced regeneration after
workload.

An increase in physical activity above the recommended weekly amount [22] has an
insignificant effect on body composition. The physical activity of premenopausal women
that meets the recommended weekly volume should lead, above all, to a reduction in the
body ratio in the trunk, without a significant increase in the weight of fat-free mass. This
suggests supplementing physical activity with activities aimed at maintaining or increasing
muscle mass (e.g., weight or resistance training).

Although the majority of the physical activities comprised lower limb activities, this
training did not affect the body composition of the lower limbs. For significant changes
in lean mass and muscle mass and reduction in the amount of BF, it will be necessary to
include resistance training involving the relevant limbs in movement training.
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