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Summary
Background. The study aimed at examining the effects of body composition on respiratory
function, muscle endurance, functional capacity, and sleep quality in healthy young adults.
Material and methods. The study involved 59 participants, with body composition measured
using Tanita DC-360, respiratory function and muscle endurance assessed via a digital
spirometer, functional capacity evaluated through the 6-minute walk test, and sleep quality
assessed with the Pittsburgh Sleep Quality Index.
Results. A moderate correlation was found between the body mass index with forced vital
capacity (r=0.395; p=0.002). A moderate relationship was also observed between respiratory
muscle endurance and muscle mass (=0.310; p=0.017), lean body mass (r=0.308; p=0.018),
and total body water (r=0.285; p=0.045). Positive moderate correlations were found between
forced vital capacity, forced expiratory volume in one second, between respiratory muscle
endurance and muscle mass, lean body mass. There was a moderate relationship between body
composition and functional capacity.
Conclusions. Respiratory muscle endurance is linked to lean body mass, muscle mass, and total
body water, while other respiratory functions relate to lean body mass and muscle mass.

Increased fat mass and decreased muscle mass can negatively impact functional capacity. As
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muscle mass increases with exercise, our findings may guide future research on respiratory
muscle endurance and exercise.
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Introduction

Human anatomy and physiology comprise peripheral and visceral muscles, bones,
adipose tissue, water, and various inorganic substances stored primarily in the bones. Body
composition is a broad and inclusive term that encompasses all of the structures. Body
composition parameters are important predictors for cardiovascular diseases, among other
comorbid conditions [1]. Spirometric values, such as forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), FEV1/FVC ratio, and peak expiratory flow (PEF) are
long-term predictors of mortality caused by cardiovascular diseases [2]. Performance of
respiratory muscles can be measured by assessing respiratory muscle strength and endurance.
Maximum voluntary ventilation (MVV), used to evaluate respiratory muscle endurance,
provides information primarily about the endurance of respiratory muscles and reserve of
respiration, offering comprehensive data on the mechanics of the pulmonary system. MVV is
also an indirect indicator of respiratory muscle strength and maximal exercise capacity [3].
Accumulation of visceral and subcutaneous fat, combined with a decrease in lean body mass,
higher body mass index (BMI), and elevated waist-to-hip ratio indicative of abdominal obesity,
can negatively affect lung function and respiratory mechanics. The buildup of adipose tissue in
the mediastinum and thoracic cavity limits diaphragmatic movement and raises pleural
pressure. Additionally, adipose tissue promotes the production of pro-inflammatory cytokines,

which may adversely affect pulmonary function [4].
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Functional capacity is a measurement of the effort required to perform daily activities
at a submaximal level. It is a factor influenced by pulmonary functions. Moreover, it has been
demonstrated that obesity and increased BMI values reduce functional capacity [5].

Sleep is essential for sustaining physical, mental, and cognitive well-being. Numerous
factors, such as age, gender, socio-economic status, dietary habits, mental and physical health,
as well as genetic and environmental influences, can affect sleep quality [6]. Evidence indicates
that sleep quality is associated with obesity, body fat percentage, and weight gain [7]. Especially
reduced lean body mass affects sleep duration and quality; high body fat percentage is
associated with reduced sleep duration and lower sleep quality. Coexistence of poor sleep
quality and obesity-related respiratory problems can be explained by the presence of
bidirectional mechanisms in the pathophysiology of the relationship [8].

In literature, there are reports on the relationship between body composition and
respiratory functions in healthy young adults [8,9]. Assessment of respiratory muscle endurance
is considered an indicator of both respiratory muscle performance and pulmonary capacity.
However, knowledge about the connection between body composition and respiratory muscle

endurance is still limited.

Aim of the work

The study primarily aimed at evaluating the relationship between body composition and

respiratory muscle endurance in healthy young adults. The secondary aim was to explore the

impact of body composition on respiratory functions, functional capacity, and sleep quality.
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Material and methods

The study was conducted between August 2024 and October 2024 at the Department of
Physiotherapy and Rehabilitation, Faculty of Health Sciences, Istanbul Kent University,
Tirkiye.

The study included male and female young adults aged 18-30 years who had no
cognitive or mental disorders, no chronic comorbidities, were able to walk independently, could
read and write in Turkish. Participants with insufficient cooperation, pregnant women, smokers
and those with cardiac, pulmonary, neurological, major musculoskeletal or rheumatic diseases
were excluded from the study.

Participants' body composition was assessed using the Tanita DC-360 (Tanita
Corporation, Tokyo, Japan) and waist/hip circumference measurements. Respiratory functions
and respiratory muscle endurance were measured using a digital spirometer (Pony FX,
COSMED Inc., Italy). Functional capacity was evaluated by the 6-minute walk test (6MWT),

and sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI).

Evaluation of body composition

Body composition was evaluated using the multi-frequency analysis device Tanita DC-
360. Body composition analysis was conducted by the researcher in accordance with the
instructions of the Tanita DC-360 (Tanita Corporation, Tokyo, Japan) device. After entering the
participant's age, height, gender, and body type into the device, measurements were taken. Body
weight (kg), BMI (kg/m?), body fat percentage (%), body fat mass (kg), lean body mass (kg),
muscle mass (kg), body fluid percentage (%), body fluid mass (kg), bone mass (kg) values were

recorded.
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To assess waist-to-hip circumference, participants were positioned in an upright stance,
and measurements were obtained using a tape measure. Waist circumference was measured at
the level of the umbilicus, while hip circumference was measured at the level of the greater
trochanter, with both values recorded in centimeters. The waist-to-hip ratio was then derived

from the measurements obtained.

Evaluation of respiratory function and respiratory muscle endurance

Respiratory functions were assessed using a digital spirometer in compliance with the
American Thoracic Society (ATS) and European Respiratory Society (ERS) criteria [10]. The
test was performed while participants sat upright in a chair. FVC, FEV 1, FEV1/FVC ratio, PEF,
and their predicted values (%) were obtained. Three measurements were taken, and the result
closest to the predicted value was recorded [10].

Respiratory muscle endurance was evaluated by measuring the MVV value using a
digital spirometer. Participants were asked to perform rapid, deep inhalation and exhalation for
12 seconds while sitting upright on a chair. At the end of the test, the MVV value and its

predicted value (%) were recorded [10].

Evaluation of functional capacity

In our study, the 6MWT was used to evaluate functional capacity. Liu et al. demonstrated
that the 6GMWT is a suitable test for assessing functional capacity in healthy young adults [11].
Blood pressure, heart rate, and oxygen saturation levels were recorded both pre- and post-test.
Blood pressure and oxygen saturation were assessed using a fingertip pulse oximeter (Havanna,

Fingertip Pulse Oximeter, Blood Oxygen and Pulse Rate Monitor, Turkey). Blood pressure
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monitoring was evaluated using a digital blood pressure monitor (Omron M1 Basic, Japan)
based on the upper arm measurement method. The participants' perceived fatigue was evaluated
using the Modified Borg Fatigue Scale and perceived dyspnea was evaluated with the Modified
Borg Dyspnea Scale. The distance walked by each participant was recorded in meters. The
predicted 6-minute walking distance (6MWD) for each participant was determined using the

reference equation by Enright et al. [12].

Evaluation of sleep quality

To evaluate sleep quality, the PSQI developed by Buysse et al. was used [13]. The index
consists of 24 questions that evaluate seven components: sleep duration, subjective sleep
quality, sleep latency, sleep efficiency, presence of sleep disturbances, use of sleep medication,
and daytime dysfunction. Each question is scored between 0 and 3. The total score is obtained
by summing the scores from all seven components. The total score ranges from a minimum of

0 to a maximum of 21, with a score above 5 indicating poor sleep quality [13].

Sample size calculation

Previous studies in young males found moderate correlations (r=0.3-0.4) between lean
body mass and FVC [8]. The sample size for the study was determined using the G*Power
3.1.9.6 power analysis software (University of Kiel) based on the study results. With 95%
power, a 0.05 margin of error, and a moderate effect size of 0.4, the sample size was calculated

as 59 healthy subjects.
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Statistical analysis

The data was analyzed using the Statistical Package for Social Sciences (SPSS) version
20.0 (SPSS Inc., Chicago, Illinois). The Shapiro-Wilk test was applied to assess normality of
the data. Quantitative variables were expressed as mean and standard deviation, while
qualitative variables were reported as frequencies and percentages. Spearman correlation
coefficient was used for correlation analysis, and a p-value <0.05 was considered statistically

significant.

Results

Participants’ demographic and clinical characteristics are presented in Table 1.The study
was completed with 59 healthy young adults, consisting of 36 women and 23 men, with a mean

age of 24.5+3.2 years (Table 1).

Table 1. Demographic and clinical characteristics of the participants (n=59)

Anthropometric and physiological variables (n=59) Mean+SD
Age (year) 24.52+3.24

BMI (kg/cm?) 23.43+5.95

Body fat mass (kg) 16.12+11.6
Body fat percentage (%) 22.28+8.94
Muscle mass (kg) 49.63+12.53
Lean body mass (kg) 52.23+13.14
Body fluid mass (kg) 37.31+8.88
Body fluid percentage (%) 55.71+5.85
Waist circumference (cm) 74.33+15.92
Hip circumference (cm) 93.58+11.14
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Waist-hip ratio (cm) 0.78+0.09
Respiratory functions Mean+SD
FVC (L) 4.10+0.98
FVC (%) 93.44+11.1
FEVL1 (L) 3.32+0.85
FEV1 (%) 88.83+17
FEV1/FVC (%) 81.44 +10.62
PEF (L/sn) 4.9742
PEF (%) 59.06+20.76
MVV (L/min) 119.57+£28.9
MVV (%) 89.19£16.12
Functional capacity Mean+SD
6MWT (m) 646.16+76.38
6MWD (pre%) 85.534£9.45
Sleep quality Mean+SD
Pittsburg total score 5.86+2.45

Notes: All measurements were given as mean £ SD. SD — standard deviation, FVC — forced vital
capacity, FEV1 — forced expiratory volume in the 1st second, PEF — peak expiratory flow rate, MVV
— maximum voluntary ventilation, BMI — body mass index, 6MWT — 6-minute walk test, 6t MWD — 6-

minute walking distance, pre% — predicted %.

The participants' average heart rate before the 6MWT was measured at 84 beats per
minute, blood pressure at 112/62 mmHg, and oxygen saturation at 98.8%. Following the
6MWT, the average heart rate increased to 120.4 beats per minute, blood pressure to 120/65
mmHg, and oxygen saturation to 99.2%. Mean levels of perceived dyspnea and fatigue,
assessed using the Modified Borg Scale, were 0/10 before the test. Post-test measurements
indicated an average fatigue level of 5.5/10 and a dyspnea level of 0.4/10.

The relationship between participants’ body composition and respiratory parameters is

given in Table 2. A moderate correlation was found between the BMI and FVC (%FVC)
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(r=0.395; p=0.002), and between fat mass and FVC (%FVC) (1=0.308; p=0.018). A moderate
correlation was found between lean body mass (r=0.308; p=0.018), total body fluid (=0.285;
p=0.045), respiratory muscle endurance and muscle mass (r=0.310; p=0.017). There were
moderate-high significant positive correlations between FVC(L), FEV1(L), PEF(L/sec),
MVV(L/min) and muscle mass, lean body mass and total body fluid. There were moderate
positive correlations between the BMI and respiratory parameters; and moderate negative

correlations between fat percentage and respiratory muscle endurance (Table 2).
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Body FVC (pre%) FVC (L) FEV1(pre%) FEV1(L) | FEVIFVC (%) | PEF (pre%) PEF (L) MVV (pre%) MWV (L)
composition
r p r p r p r p r p r p r p r p r p
BMI (kg/cm?) | 0.395 | 0.002 | 0.479 | 0.000 | 0.230 | 0.080 | 0.411 | 0.001 | -0.135 | 0.309 | 0.181 | 0.170 | 0.275 | 0.035 | 0.240 | 0.067 | 0.321 | 0.014
Fat mass (kg) | 0.308 | 0.018 | 0.151 | 0.254 | 0.175 | 0.185 | 0.117 | 0.117 | -0.084 | 0.526 | 0.060 | 0.653 | 0.036 | 0.784 | 0.080 | 0.546 | -0.030 | 0.825
Fat p‘zg/‘(’)‘;”tage 0.181 | 0.170 | -0.271 | 0.066 | 0.111 | 0.403 | -0.237 | 0.071 | 0.001 | 0.993 | -0.064 | 0.629 | -0.225 | 0.087 | -0.058 | 0.662 | -0.334 | 0.010
M”sa'(‘;)mass 0191 | 0.147 | 0.822 | 0.000 | 0.087 | 0514 | 0.731 | 0.000 | -0.207 | 0.116 | 0.218 | 0.098 | 0.514 | 0.000 | 0.310 | 0.017 | 0.724 | 0.000
Ll ?ﬁgi’ Mass | 4197 | 0.134 | 0.821 | 0.000 | 0086 | 0517 | 0.729 | 0.000 | -0.207 | 0.116 | 0.207 | 0.116 | 0.511 | 0.000 | 0.308 | 0.018 | 0.725 | 0.000
Bty f;t')d Mass | 45191 | 0183 | 0.815 | 0.000 | 0.041 | 0.779 | 0.709 | 0.000 | -0.217 | 0.098 | 0.169 | 0.240 | 0.503 | 0.000 | 0.285 | 0.045 | 0.709 | 0.000
Body fluid
-0.288 | 0,027 | 0015 | 0915 | -0.137 | 0299 | 0.032 | 0.808 | 0.073 | 0.584 | -0.003 | 0.980 | 0.096 | 0.468 | -0.032 | 0.813 | 0.162 | 0.224
percentage (%)
Wa'St('Chr:f)’ ratio | ;514 | 0103 | 0.604 | 0,000 | 0.191 | 0.146 | 0.595 | 0.000 | 0.019 | 0.885 | 0.333 | 0.010 | 0.533 | 0.000 | 0.265 | 0.043 | 0.522 | 0.000

Notes: The presence of a significant relationship is indicated in bold. FVC — forced vital capacity, FEV1 — forced expiratory volume in 1st second, PEF — peak

expiratory flow rate, MVV — maximum voluntary ventilation, BMI — body mass index, pre% — predicted %.
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The relationship between participants’ body composition, functional capacity and sleep

quality is given in Table 3. Moderate relationships were observed between body composition

components and functional capacity, whereas no significant relationships were observed

between body composition and the PSQI (Table 3).

Table 3. Relationship between participants’ body composition, functional capacity and sleep quality

6MWT (m) 6MWD (pre%o) Pittsburg total score
Body composition
r p r p r p
0.263

BMI (kg/cm?) -0.019 0.888 0.044 0.080 0.545
Fat mass (kg) -0.290 0.026 0.076 0.568 0.046 0.728

Fat percentage
-0.583 0.000 -0.177 0.181 0.016 0.905

(%0)

Muscle mass (kg) 0.442 0.000 0.390 0.002 -0.026 0.843
e ?ﬁg;’ mass 0.439 0.001 0.388 0.002 -0.027 0.841
283 'Z'lf;; Mass 0.434 0.001 0.403 0.002 0.003 0.984
Sy iiIe 0.432 0.001 0.030 0.821 -0.032 0.811

percentage (%)
Wa'St('Chr:; ratio 0.248 0.058 0.278 0.033 -0.069 0.606

Notes: The presence of a significant relationship is indicated in bold.

6MWD — 6-minute walking distance, pre% — predicted %.

Discussion

6MWT — 6-minute walk test,

In our study, in which we investigated the effect of body composition on respiratory

parameters, functional capacity and sleep quality in healthy young adults, the relationship

between FVC(L), FEVI(L), PEF (L/sec), MVV(L/min), MVV(%) and muscle mass, lean body

mass and total body fluid was shown.
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The relationships we discovered between respiratory functions and muscle mass, lean
body mass, and total body fluid align with the findings of previous research [14,15]. For
example, Pi et al. [15] evaluated body composition using bioelectrical impedance analysis and
respiratory functions by digital spirometry. In the experiment on 776 healthy adults, they found
that muscle mass and lean body mass were positively correlated with FEV1 and FVC [15].
Komici et al. [16] found similar results in a study conducted on 435 professional athletes
practicing strength and endurance sports.. An increase in muscle mass and lean body mass may
reduce abdominal adiposity, thereby improving lung capacity. Reduced muscle mass is
associated with an increase in adipose tissue. The increase in adipose tissue may elevate
mechanical pressure on the diaphragm, reduce the elasticity and mobility of the chest wall, and
negatively affect lung compliance. Furthermore, the accumulation of adipose tissue in the
thoracic region may increase airway resistance, trigger the release of proinflammatory
cytokines, and consequently alter pleural pressure [17].

The MVYV value used in the determination of respiratory muscle endurance provides
important information about respiratory muscle functions [18]. Previous reports suggest that it
should be included in lung capacity assessment in both healthy adults and those suffering
chronic lung disease. Bairapareddy et al. [19] evaluated the relationship between the MVV and
respiratory muscle strength with physical activity and the BMI in 165 healthy young adults aged
18-30 years with a mean BMI of 25.6 kg/m?. In conclusion, they found no relationship between
the BMI and MVV (%) [19]. Similarly, no significant relationship was found between the BMI
and MVV (%) in our study; however, MVV(L/min) value increases with increasing BMI. We
did not find any reports on the relationship between muscle mass, lean body mass and total
body fluid with respiratory muscle endurance. Our study demonstrated that an increase in
muscle mass, lean body mass, and total body fluid is associated with an improvement in

respiratory muscle endurance.
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Respiratory functions are affected by the BMI. In literature, it has been reported that
respiratory functions will be adversely affected in individuals with low and high BMI [20,21].
In obese individuals with high BMI and increased waist/hip ratio, adipose tissue accumulated
in the neck, abdomen and thorax prevents downward displacement of the diaphragm results in
increased pleural pressure. It basically affects functional residual capacity and impairs
respiratory mechanics [20]. In a cross-sectional study by Leone et al. [22], the relationship
between lung functions and metabolic syndrome showed that respiratory functions may be
adversely affected as the BMI increases.. Jones et al. [20] studied 373 subjects who were
classified as overweight, obese and morbidly obese. The researchers found that the decrease in
pulmonary function in morbidly obese individuals could reach up to 33% [20]. In individuals
with low BMI, decreased pulmonary functions were directly attributed to decreased mass of
skeletal muscle, diaphragm, abdominal and intercostal muscles. The condition results in a
decrease in pulmonary function by affecting respiratory muscle strength and mechanics [23].
In an experiment designed to show the relationship between low weight and pulmonary
functions, Do et al. [21] found decreases in FEV1, FVC and PEF values in Korean population
with low BMI (mean BMI 17.6 kg/m?). In a similar study conducted in Croatia, when 370
university students were evaluated, a greater decrease in the FVC value was once again shown
in students with low BMI [24]. Unlike results reported previously in the literature, we found
that respiratory functions increased as the BMI increased. The fact that our participants had a
mean BMI of 24.5 kg/m? and were in the normal weight class clarifies the situation.

Our results show that as the 6 MWD increases, body fat percentage and body fat mass
will decrease, while body muscle mass, lean body mass and total body fluid will increase.
Increased fat mass is associated with decreased muscle mass. It may affect physical fitness and
may adversely affect the 6MWD used to evaluate aerobic and functional capacity. In literature,

the relationship between functional capacity and body composition was investigated in the
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elderly population and obese individuals [25,26]. In a study exploring the relationship between
the 6BMWT and body composition parameters in seventy-seven elderly individuals, decreased
walking distance was reported in participants with high BMI and fat mass [25]. Similar results
were shown in another study on obese young girls [26]. Makni et al. [26] found relationships
between the 6MWT, BMI and lean body mass in 190 obese young girls with a mean age of 12
years and a mean BMI of 26.4 kg/m?.

Our results demonstrate the relationship between fat mass, fat percentage, muscle mass
and functional capacity in healthy young adults. Enright et al. [12] stated that there would be
decreases in 6MWD results when the BMI was above 30 kg/m?.. The fact that our participants
had normal BMI values may be the reason why we could not demonstrate a relationship
between the BMI and 6MWD. However, we found a positive correlation between the BMI and
the predicted value of 6MWD. Gender, age, height and weight values are used in calculation of
the predicted value of the 6MWD. It may have influenced the relationship between the BMI
and 6MWD (pre%) rather than 6MWD.

We could not demonstrate a relationship between Pittsburg total score and any
component of body composition. Studies exploring the relationship between sleep quality, the
BMI, lean tissue, and muscle mass have shown inconsistent outcomes. Babu et al. [27]
investigated the association between sleep quality and the BMI, waist-to-hip ratio, and fat
percentage using the PSQI in a sample of 100 university students with an average BMI of 21
kg/m?. They found that Pittsburg total score was not related to body composition [27].
Kristicevic et al. [28] categorized 2,100 university students aged 18-24 years as having the BMI
lower and higher than 25 kg/m?. Their results indicate the presence of poor sleep quality in
obese subjects [28]. Poor sleep quality results in insufficient sleep, which increases the need for
energy, therefore affecting hunger and satiety hormones. The condition drives weight gain, and

high fat rates may result. Poor sleep quality in obese individuals can be explained by the
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situation [29]. Kahlhofer et al. [30] evaluated sleep quality in 132 young adults by wrist
actigraphy and found that inadequate sleep quality was linked to increased fat mass.. The fact

that the Pittsburg sleep quality scale is a subjective questionnaire may have affected our results.

Limitations

The current study has some limitations. The fact that we did not use objective methods
such as polysomnography or actigraphy to evaluate sleep quality in our study could have
impacted our inability to demonstrate the relationship between sleep quality and body
composition. The fact that we did not use an objective method to evaluate the sleep quality of
our participants may have been effective in our inability to reveal the relationship between sleep

quality and body composition.

Conclusions

In our study, primarily designed to examine the relationship between respiratory muscle
endurance and body composition, a significant positive correlation was found between lean
body mass, muscle mass, total body fluid, and waist-to-hip ratio with the MVV. Other
parameters of the respiratory function are also related to the MVV, particularly lean body mass,
muscle mass, and total body fluid. Increased fat mass and decreased muscle mass directly affect
functional capacity. It is known that greater muscle mass can be achieved through exercise.
Therefore, we believe that the results of our study may provide guidance for future research on

respiratory muscle endurance and physical fitness.
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