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Research Article

Relationships Between Service Quality, Customer Loyalty and
Customer Repurchase Intention: The Example of Health and

Fitness Clubs

Ali Cagr1 GUCALY Biilent GURBUZ2
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2Department of Sports Management, Faculty of Sports Sciences, Ankara University, Ankara Tiirkiye

ABSTRACT

Keywords This study was conducted with the aim of testing the relationships between
Customer loyalty,
Health and fitness clubs, service quality perceptions, customer loyalty levels, and customer repurchase
Repurchase intention, intentions of customers in health and fitness clubs. The sample group for the
Service quality
study comprised 476 individuals (233 female, 243 male) exercising in health and
fitness clubs. Participants answered the Turkish version of the “Service Quality
Assessment Scale (T-SQAS)”, the Turkish version of the “Loyalty Scale in Sport
Services (T-LSSS)” and the Turkish version of the “Repurchase Intention Scale
Article History (T-RIS).” For the analysis, t-test, MANOVA, ANOVA, and Pearson correlation
Received 25 December 2023
Revised 29 June 2024 statistical methods were used. The most substantial gap between participant
Accepted 16 July 2024
Available Online 28 August 2024 expectations and perception scores concerning service quality was observed in
the “program” subscale, while conversely, the “locker room” subscale had the
smallest difference. The means subscale scores for the “(T-LSSS)” of female
participants were identified as being higher than those of male participants.
* Corresponding Author: There was a positive relationship between service quality, customer loyalty, and
Ali Cagr1 GUCAL

E-mail Address:

alicagri.gucal@nisantasi.edu.tr

repurchase intention. Finally, it was evident that members were dissatisfied with
the services offered, indicating an inconsistency between their expectations and
the actual service delivery. Managers of health and fitness clubs should make
the necessary effort to increase the service quality of their clubs to the highest
level. Positive effects of service quality on the formation of repurchase intention,
the first stage of creating loyal customers, will increase the competitive power of

health and fitness clubs in the market.
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Service Quality and Repurchase Intention Giical & Giirbiiz

INTRODUCTION

In recent years, industrialized and developing countries have consistently increased
the value placed on leisure activities (Haw et al., 2023; Tapps & Wells, 2019). Leisure activities
comprise an environment that increases the quality of life of individuals and ensures that they
gain new benefits (Giirbtiz & Henderson, 2014). Participation in leisure activities appears to
be an antidote to working life (Forde et al., 2014). In line with this, individuals have oriented
toward health and fitness clubs to enjoy leisure quality and healthily (Jones et al., 2020).
Activities in health and fitness clubs involve many benefits for individuals like weight control,
development of the cardiovascular system and protection from non-infectious diseases in
physical terms; development of self-esteem, motivation, acquiring self-confidence and
communicating with individuals in cognitive terms; and increased cohesion and solidarity in
social terms (Sheehan, 2015).

The interest and demand for participation in leisure activities have begun to increase
due to many things, like social and psychological reasons, led by the increase in health
awareness around the world worldwide (Li et al., 2020; Matic et al., 2020). The competitive
environment created by this increased demand has made it necessary for businesses offering
recreational activity services and their managers to make more intense and different efforts to
keep up with the competition (Alexandris et al., 2012). At this point, it is imperative for
businesses operating in the leisure sector to elevate customer satisfaction levels and cultivate
loyalty by enhancing the quality of their services (Yoshida, 2017). Increasing customer loyalty
brings concepts like service quality, customer loyalty, and customer repurchase intention to
the forefront.

As per the literature by Smith et al. (2014), health and fitness clubs have strived to create
a diverse range of strategies geared towards retaining customers, ensuring that individuals
receive services, and fostering long-term membership within the business. Much research
(Chiu et al., 2019; Theodorakis et al., 2019) indicates that the service quality factor plays a
critical crucial role in affecting customer intention to become a member of the business or to
repurchase services (Phonthanukitithaworn & Sellitto, 2018).

Numerous studies, particularly in the international literature, investigate the
relationships between service quality, customer loyalty, and customer repurchase intentions
(Guirbtiz et al., 2012). These studies concluded that there was a strong and positive relationship

between service quality, customer loyalty, and repurchase intentions (Chiu et al., 2019). A
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study titled “Perceived Service Quality and Customer Loyalty among Health and Fitness Club
Members” by Tsitskari et al. (2017) concluded that there was a positive and high degree of
relationship between service quality and customer loyalty. Another study investigated the
relationship between service quality and customer repurchase intention and identified a
positive relationship between the variables. As the business’s service quality increases,
customers’ repurchase intentions increase. In line with this, customer loyalty and satisfaction
will increase (Armbrecht, 2021).

Finally, the third concept for health and fitness clubs is repurchase intention. For
businesses to compete and make a profit, they must display the necessary effort in relation to
the repurchase intention concept (Lianopoulos et al.,, 2021). Entrepreneurs would like
customers to continue purchasing from them. Within this framework, higher quality
standards and customer loyalty are required. There is a clear and strong link between
repurchase intent and customer loyalty (Zopiatis et al., 2017).

In line with this, health and fitness clubs must increase service quality, develop
customer loyalty, and ensure customer repurchase intentions. For this, they must make long-
term strategic plans. For businesses to develop customer loyalty, it is necessary to measure
customer attitudes and expectations and to meet their demands in time. The final purpose of
businesses is to steadily increase service quality, develop customer loyalty, and ensure
repurchase behavior (Armbrecht, 2021).

In conclusion, there are many scientific studies in the international literature examining
the relationship between service quality, customer loyalty, and repurchase intention in health
and fitness clubs (Aizat et al., 2023; Wang & Chiu, 2023). However, it can be said that such an
important issue is rarely addressed in the national literature. In addition, Turkey also
determined the service quality, customer loyalty, and repurchase intention levels of customers
in health and fitness clubs. Therefore, this study aimed to test the relationship between the
perception of service quality, customer loyalty, and customer repurchase intention of health

and fitness clubs” members.

Theoretical Framework and Hypotheses

Service Quality

Service quality, defined as “activities creating value and ensuring benefit” for
consumers, is a concept with popularity increasing from the past to the present (Jeaheng et al.,

2020; Peitzika et al., 2020). Service quality plays vital role in businesses” ability to build
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customer loyalty and repurchase intent, as well as maintain a steady existence (Obeidat et al.,
2012). For this reason, service quality in association with different variables has been the topic
of many studies (Byon et al., 2013; Theodorakis et al., 2019). Among these variables, concepts
like customer loyalty, customer satisfaction, repurchase intention, and quality of life come to
the forefront (Leutwiler-Lee et al., 2023).

As outlined by Prentice et al. (2020), service quality encompasses multiple contributing
factors, with the foremost importance placed on the quality standard set by the firm. Quality
is a phenomenon that can be achieved with long-term strategic planning and transforms into
a behavioral effort among customers (Ma & Kaplanidou, 2018). Service quality is “the direction
and degree of difference between customer expectations and perceptions” (Parasuraman et
al., 1985). Service quality is an essential marker in terms of the sustainability and profitability
of businesses. It is important to identify the difference between customers” expectations about
a service and their perceptions after receiving it and to develop the necessary strategies to
increase satisfaction based on the emerging results (Zopiatis et al., 2017). Within this scope,
the following hypothesis was developed:

Hi: A statistically significant difference exists between the expectation and perception scores
for service quality among health and fitness club members.

A review of the literature reveals a substantial number of studies investigating the
interplay among service quality, customer loyalty, and the intention of customers to
repurchase (Tian et al., 2021). Moderate and high-level positive relationships were found
between service quality, customer loyalty, and customer repurchase intention. From this
perspective, it is possible to assert that as business service quality improves, so does customer
loyalty and repurchase intention. For businesses to maintain their existence, take their place
in the market, and increase profit rates, they should increase service quality to be in line with

customer expectations and create customer loyalty (Yoshida, 2017).

Customer Loyalty

Customer loyalty is a concept emphasized by businesses, a criterion in strategic
planning, and offers inferences about success (Lianopoulous et al., 2021). Customer loyalty is
the primary goal for businesses because of the positive outcomes in terms of customer
repurchase intention, long-term relationships, and profitability (Prentice et al., 2020).

Businesses aim to create a cognitive and affective bond with customers. The bond formed with
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customers also determines the life of the business. If a direct link is established, the business
will have a long life; if there is no proper link, the business will fail very quickly.

Customers’ bonds play an important role in businesses gaining an advantage (Baek et
al., 2020). Customers’ repurchase behavior is closely associated with their loyalty to the
business. Regarding attitudinal loyalty, loyal customers consistently repurchase from the
brand or business with which they have an emotional bond. As an emotional bond is created
with the business, loyal customers will not change their choice and will continue to display
repurchase behavior even if an attractive alternative emerges (Lianopoulos et al., 2021).

The effective management of customer loyalty is essential to developing long-term
customer relationships, and this is precisely what companies need to be doing. The definition
of customer loyalty is qualified as “customers having positive attitudes to the business and the
intention and non-coincidental desire to repurchase their services” (Pappu et al., 2005).
Businesses make extensive efforts to create customer loyalty and development of customer
loyalty takes a long time. For this reason, businesses must continuously renew, keep up with
technological developments, and steadily meet customer demands (Avourdiadou &
Theodorakis, 2014).

In conclusion, for the successful creation and continuation of customer loyalty,
customers must trust the business. Creating and maintaining a sense of trust between the
company and its target audience are very important (Tian et al., 2021). For the creation of a
feeling of trust, it is necessary for the business to fulfill their commitments made to customers,
offer missing or promised services in time, continuously increase the quality of services, and

meet demands by accurately analyzing the target audience (Leutwiler-Lee et al., 2023).

Repurchase Intention

With the growth of the sports industry, the concept of repurchase intention plays an
important role in businesses being able to take their place in the market, preserve their place,
and compete with other businesses (Um & Yoon, 2020). Repurchase intention is a positive
marker of customer loyalty. A situation involving behavior related to the quality of services
or products received by customers from a business or related to the loyalty levels resulting
from this quality is referred to as repurchase intention. One of the most pronounced features
of repurchase behavior status is individuals making recommendations and publicizing the
business (Li et al., 2020). The concepts of loyalty and repurchase are highly interdependent
elements (Shukla, 2009).
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Repurchase intention occurs within the framework of business strategies as a result of
strong customer loyalty created with customers (Ma & Kaplanidou, 2018). For customers to
repurchase, businesses must improve service quality, accurately manage strategic action
plans, continuously monitor the agenda, and build the business image and loyalty (Ferrand et
al., 2010).

Within this framework, customers display repurchase behavior from the same
business. There are many reasons for the creation of repurchase intention. These include the
business responding to expectations in time, keeping promises, offering quality service, and
creating long-term action plans (Li et al., 2020). When the international literature is examined,
it is possible to see the positive effect of the importance businesses give to strategic planning
and their success in practice (Vieira & Ferreira, 2017).

Communication with customers is another important factor that businesses must pay
attention, and this is an element emerging in repurchase behavior (Tian et al., 2021).
Communication can form strong bonds between the business and the target audience. This
situation will lead to profitability for the business in the long term and increase company’s
image. If communication is disrupted between business and customer, this will negatively
affect the institution and customers may not display repurchase behavior (Gronroos, 2004).
Strengthening of communication between business and customers plays an effective role in
public relations activities within the institution. For compatibility of staff and customers, a
variety of leisure activities should be planned and completed. Outside the institution,
customers should be drawn to the institution using advertising and media channels and then
made permanent customers. Communication with the customer and public relations
programs play important roles in terms of repurchase behavior. As a result, necessary effort
must be displayed to create a strong bond between the customer and business and to offer

quality services (Leutwiler-Lee et al., 2023).

Relationship Between Service Quality, Customer Loyalty, and Customer Repurchase Intention
Service quality, customer loyalty, and repurchase intentions comprise businesses’
strategic framework (Shulman & Bullock, 2019). Recreational businesses target increasing the
value of and respect for the business by developing these variables (Um & Yoon, 2020).
Furthermore, to successfully manage service quality, health and fitness clubs must respond to

customer expectations and actively listen to and analyze their audience continuously. A
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feeling of trust must be created between customers and management and this trust should not
be lost (Jasinskas et al., 2013).

Establishing a cognitive and affective connection is crucial for fostering customer
loyalty, representing another critical aspect. The bond with customers also determines the
longevity of health and fitness clubs. If the correct bond is created, it will continue to exist,
while a mistaken bond will lead to closure in a short duration. Businesses must improve
service quality, accurately manage strategic action plans, consistently follow the agenda, and
create a business image and loyalty for customers to repurchase (Ferrand et al., 2010). Some
variables affect service quality, customer loyalty, and customer repurchase intentions for
health and fitness clubs. Many researchers have drawn attention to the importance of these
variables (Armbrecht, 2021; Baek et al., 2020).

In this sense, the “gender” variable is one of the critical independent variables
frequently used in the literature (Jeaheng et al., 2020; Phonthanukitithaworn & Sellitto, 2018).
Measurement of the service quality, customer loyalty, and repurchase intention concepts, as
well as the identification of the differences and associations of these concepts with the gender
variable, play important roles in business planning (Theodorakis et al., 2019). As a result,
identifying the expected and perceived service quality levels of men and women, and the
associated customer loyalty and repurchase behaviors was deemed an important variable in
this study. In light of this knowledge, the following hypothesis was created:

Hb»: There is a statistically significant difference in the service quality perceptions, customer
loyalty levels, and customer repurchase intentions of health and fitness club customers
according to the gender variable.

Another independent variable in the study is “facility usage frequency.” This variable
was assessed as an important parameter in many studies about measuring service quality
expectations of customers and the development of loyalty (Matic et al., 2020). Additionally,
the facility usage frequency of customers is a factor affecting the emergence of repurchase
intentions. Identification of results related to the facility usage frequency variable is an
important marker for health and fitness clubs displaying successful and effective management
approaches (Vieira & Ferreira, 2017). In the study, an attempt was made to identify the
expectations and perceived service quality levels and link customer loyalty and repurchase
behavior of customers with low or high facility usage frequency. In accordance with this, the

following hypothesis was developed:
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Hs: There is a statistically significant difference in the service quality perceptions,
customer loyalty levels, and customer repurchase intentions of health and fitness club
customers according to the facility usage frequency variable.

Our study includes concepts like service quality, customer loyalty, and repurchase
intentions. Several studies observed a positive relationship between these concepts (Chiu et
al., 2019). Businesses were observed to attach much importance to the service quality,
customer loyalty and repurchase intention concepts (Tian et al., 2021). Service quality is the
first element requiring attention for the business’s reputation and customer satisfaction
(Peitzika et al., 2020). Along with creating a strategic framework, businesses increase service
quality with long-term strategic plans (Vieira & Ferreira, 2017).

Businesses must improve service quality, increase customer loyalty, and develop
repurchase intentions to achieve competitive superiority. In this way, they will follow a
successful strategic policy (Um & Yoon, 2020). Additionally, businesses must create programs
adopting a continuous development policy related to service quality, customer loyalty and
repurchase intention to create a brand identity and strengthen corporate image (Armbrecht,
2021).

Examining the connection between service quality and the intention to return, it
becomes evident that both factors are crucial for health and fitness clubs (Peitzika et al., 2020).
For these factors to have a positive effect on businesses, customer loyalty is necessary (Gtirbiiz
& Giical, 2020). Adequate service quality is likely to lead to higher repurchase intention. In
this situation, individuals will display a tendency not to change their business, price
sensitivity, or complain (Phonthanukitithaworn & Sellitto, 2018). When the other two elements
of customer loyalty, and repurchase intention are investigated, loyalty and repurchase
intention are two associated concepts. For businesses to sustain their existence in the long
term, it is necessary to create customer loyalty and customer repurchase intention (Barshan et
al., 2017). Customers’ intent to repurchase is strongly related to their loyalty to the company.
Several researchers emphasized that the elements determining the repurchase intention of
customers involved service quality and customer loyalty (Alexandris et al., 2012; Guirbiiz et
al., 2012). This led to our hypothesis with the aim of determining the direction and intensity
of the relationship between these three concepts;

Hy: There is a statistically significant relationship between the service quality
perceptions, customer loyalty levels, and customer repurchase intentions of health and fitness

club customers.
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METHODS

Participants

The study employed a quantitative research approach, specifically utilizing the
correlation method. Individuals in the sample group were determined using the ‘quota
sampling method’, one of the non-probability sampling methods. In this method, some basic
characteristics of the study population are determined. Then, quotas are determined to include
these features in the sample and data collection continues until the determined quotas are
filled (Creswell 2017). The sample group in the study was created from customers who have
been members of the same club for at least one year in five different private health and fitness
clubs located in Ankara with at least 1000 members and have been operating regularly for the
last five years. The sample group comprised a total of 476 (Mage = 28.13+ 8.21) participants with
233 female (Mage = 27.81+ 8.32) and 243 male (Mage = 28.44+ 8.10).

This research complies with the Declaration of Helsinki. The research, permission was
obtained from the Ethics Committee Chair (Ankara University Ethics Committee, Issue
Number: 56786525-050.04.04/21643, Date: 21/03/2019) about the ethical suitability of the
study. Additionally, necessary permissions were obtained from the corresponding authors to
use the scale tools in the research. After receiving ethics committee permission and scale use
permission, informed consent forms and data collection tools were applied to participants by

paying attention to principals of volunteerism and privacy.

Procedures

Before beginning the research, permission was obtained from the Ethics Committee
Chair about the ethical suitability of the study. Additionally, necessary permissions were
obtained from the corresponding authors to use the scale tools in the research. After receiving
ethics committee permission and scale use permission, informed consent forms and data
collection tools were applied to participants by paying attention to the principles of
volunteerism and privacy.

The research included members of health and fitness clubs in Ankara who were older
than 18 years. Data were obtained face-to-face by the researcher before and after exercise in
the health and fitness clubs with the consent of the members. It took approximately three
months (March-April-May 2019) to access all the data. The study participants were requested

to complete a survey form comprising two sections. The first section included a variety of
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questions about the participants’ personel information. The second section included three

different scales, which were explained in detail below.

Service Quality Assessment Scale

The Turkish version of the “Service Quality Assessment Scale (T-SQAS)” was used to
assess the service quality expectations and perceptions of health and fitness club members. It
was developed by Lam et al. (2005) and adapted to Turkish by Giirbiiz et al. (2005). Cronbach's
Alpha internal consistency coefficients were calculated to test the reliability of the scale. The
Cronbach's Alpha internal consistency coefficients ranged from 0.75 to 0.92 for the sub-
dimensions. The scale comprises 34 items and has a 4-factor structure. The factors on the scale
are “staff,” “program,” “locker room,” and “facility.” Items on the scale are ranked from ‘not

at all important (1)" to ‘extremely important (7)" and organized on a 7-point Likert scale.

Loyalty Scale in Sport Services

The Turkish version of the “Loyalty Scale in Sport Services (T-LSSS)” developed by
Bodet (2012) and adapted to Turkish by Cimen et al. (2016) was used to measure the loyalty of
customers participating in the research to their health and fitness clubs. Cronbach's Alpha
internal consistency coefficients were calculated to test the reliability of the scale. The
Cronbach's Alpha internal consistency coefficients ranged from 0.52 to 0.86 for the sub-

dimensions. The scale comprises 23 items with 8-factor structure. The scale factors are

s aar T

“behavioral intentions,” “resistance to change,” “overall satisfaction,” “perceived value,”

/Al

informational complexity,” “importance-hedonism,” and “sign.”

ai

“position involvement,
The scale items have 5-point Likert rating. The Likert choices are ranked from ‘definitely

disagree (1)" to ‘definitely agree (5)" and scores are given accordingly.

Repurchase Intention Scale

In this study, the items on the “Repurchase Intention Scale (T-RIS)” developed by
Ozcan and Argan (2014) were adapted for use. To test the validity and reliability of the scale,
the data collection phase was carried out with a total of 211 participants, 91 (43.1%) women
and 120 men (56.9%). To determine the suitability of the data for factor analysis, Kaiser-Meyer-
Olkin (KMO), and Bartlett Sphericity test, exploratory factor analysis (EFA) were performed
to determine the factor structure of the scale, and confirmatory factor analysis (CFA) was
performed to confirm the factor structure. Cronbach's Alpha internal consistency coefficients

were calculated to test the reliability of the scale. The Cronbach's Alpha internal consistency
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coefficient 0.82 for the factor. The scale comprises four items and a single factor. Participants
rate the items on the scale from 1-definitely disagree to 7-definitely agree with assessments

requested on a 7-point Likert scale.

Data Analysis

The SPSS 20.0 statistical program was used for statistical analysis of data collected for
the research. For the analysis of data, first, the normal distribution was examined with
skewness and kurtosis values, and data were between -3 and +3, indicating normal
distribution (Byrne, 2010). As a result, the skewness and kurtosis values for all items supported
normality for parametric tests. Analysis of data used descriptive statistics, paired samples t-
test for determination of differences between variables, independent samples t-test,
multivariate analysis of variance (MANOVA), one-way analysis of variance (ANOVA), and
simple linear Pearson correlation analysis. Cronbach Alpha internal consistency coefficients
were calculated to test the reliability of scales. The internal consistency coefficients for the T-
SQAS found that all subscale scores were highly reliable, with scores varying from 0.75 to 0.92.
The internal consistency coefficient for the T-RIS identified a high level of reliability (0.82).
Finally, the internal consistency coefficients for the T-LSSS calculated that all subscale scores

were moderately and highly reliable, with scores identified to vary from 0.52 to 0.86.

RESULTS

According to the results of analyses performed to test whether there was a statistically
significant difference between the expectation and perception scores of participants about
service quality offered by facilities to members, there were statistically significant differences
between the mean difference scores of participants for all subscales of the T-SQAS. The
greatest difference between the mean scores for expectation and perception of service quality
was for the ‘program’ (0.64) subscale, with the lowest difference identified for the ‘locker
rooms’ (0.42) subscale (Table 1).

Table 1
Descriptive Statistics and Mean Differential Scores Among the T-SQAS Subscales

Subscales N Mean SD Differential Score t P

Staff - Expectation 476 6.87 0.23

-0.520 23.359 0.000***
Staff - Perception 476 6.35 0.54
Program - Expectation 476 6.87 0.24

-0.635 22.818 0.000%***
Program - Perception 476 6.23 0.63
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Table 1 (Continues)

Subscales N Mean SD Differential Score t P
Locker Room- Expectation 476 6.87 0.26

-0.41 17. .000%***
Locker Room- Perception 476 6.45 0.58 0419 988 0000
Facility - Expectation 476 6.54 0.46

-0.445 21.156 0.000%***
Facility - Perception 476 6.09 0.56

Note. *p<0.05, **p<0.01, ***p<0.001

MANOVA results indicated the main effect of the gender variable on the T-LSSS [\ =
0,844, F(8, 467) = 10.814, p<0.01] and T-SQAS [\ = 0.950, F(4, 471) = 6.141, p<0.01] subscales
was significant. ANOVA analysis results found the subscale mean scores for the T-LSS
position involvement [F(1, 474) = 77.370, p<0.01] and T-SQAS program-difference [F(1,474) =
13.445, p<0.01] subscales statistically significantly differed in terms of the main effect of
gender.

For both scales, the mean scores of female participants were higher than the mean
scores for male (Table 2). According to the results of an independent samples t-test analysis
(Table 3), the T-RIS (ts7a = -0.551; p>0.05) mean scores of participants did not differ statistically
significantly by gender. The facility usage frequency variable had no significant main effect on
the T-LSSS [\ = 0.975, F(16, 932) = 0.750, p>0.05] subscales but had a significant main effect on
the T-SQAS [\ = 0.951, F(8, 940) = 2.964, p<0.01] subscale mean scores. Analyses found that the
T-LSSS (p>0.05) subscale scores of participants did not statistically significantly differ. The T-
SQAS scores of participants were identified to be statistically significantly different for the
staff-difference [F(2, 473) = 6.241, p<0.01], locker room-difference [F(2, 473) = 4.423, p<0.05]
and facility-difference [F(2, 473) = 3.275, p<0.05] subscales. Participants using the facility three
days, or more were found to have higher mean scores compared to other participants (Table

4).

Table 2
Descriptive Statistics and MANOVA by Gender Results Among the T-LSSS and the T-SQAS
Subscales

Subscales Gender N Mean SD F P

Behavioral Intentions (T-LSSS) Female 233 453 047
0.009 0.925

Male 243 4.54 0.44

Resistance to Change (T-LSSS) Female 233 442 047
0.860 0.354

Male 243 4.38 0.44

Overall Satisfaction (T-LSSS) Female 233 442 0.45
1.144 0.285

Male 243 4.38 0.40

Perceived Value (T-LSSS) Female 233 432 0.50
0.053 0.818

Male 243 4.33 0.45

Position Involvement (T-LSSS) Female 233 4.13 0.64

77.370 0.000%***
Male 243 3.44 1.01
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Table 2 (Continues)
Subscales Gender N Mean SD F p
Informational Complexity (T-LSSS) Female 233 4.26 0.56
Male 243 4.21 0.44 1.069 0302
Importance-Hedonism (T-LSSS) Female 233 4.27 0.52
Male 243 423 0.49 0744 0389
Sign (T-LSSS) Female 233 4.07 0.65
Male 243 4.00 0.67 1.083 0310
Staff - Difference (T-SQAS) Female 233 -0.55 0.51
Male 243 -0.48 0.45 2000 0.158
Program - Difference (T-SQAS) Female 233 -0.73 0.63 -
Male 243 -0.53 0.56 13445 0000
Locker Room - Difference (T-SQAS) Female 233 -0.40 0.53
237 .62
Male 243 -0.43 0.48 023 0626
Facility - Difference (T-SQAS) Female 233 -0.41 0.46
Male 243 -0.47 0.44 2606 0.107
Note. ***p<0.001
Table 3
Descriptive Statistics and T-test by Gender Results for Independent Groups Among the T-RIS
Scale Gender N Mean SD t p
Female 233 6.30 0.48
T-RIS -0.551 0.451
Male 243 6.33 0.47
Table 4

Descriptive Statistics and MANOV A Results of Frequency of Facility Usage Among the T-
LSSS and the T-SQAS Subscales

Subscales Frequency N Mean SD F P
Behavioral I i - . .
ehavioral Intentions 1-2 days 88 4.56 0.45 0.340 0.560
(T-LSSS) 3 days or more 388 4.53 0.46
Resistance to Change 1-2 days 88 437 0.50
0.271 0.603
(T-LSSS) 3 days or more 388 4.40 0.45
Overall Satisfaction 1-2 days 88 4.38 0.39 0189 0.664
(T-LSSS) 3 days or more 388 4.40 043
Perceived Val 1-2 431 4
erceived Value days 88 3 0.49 0106 0.745
(T-LSSS) 3 days or more 388 4.32 047
Position Involvement 1-2 days 88 3.65 0.90
2.128 0.145
(T-LSSS) 3 days or more 388 3.81 0.92
Inf ional lexi - . .
ormational Complexity 1-2 days 88 4.21 0.51 0.196 0.659
(T-LSSS) 3 days or more 388 4.24 0.50
Importance-Hedonism 1-2 days 88 4.26 0.49
0.004 0.952
(T-LSSS) 3 days or more 388 4.25 0.51
Sign 1-2 days 88 4.03 0.65
0.000 0.992
(T-LSSS) 3 days or more 388 4.03 0.66
Staff - Difference 1-2 days 88 -0.37 0.43
10.030 0.002**
(T-SQAS) 3 days or more 388 -0.55 0.49
P - Diff - -0. .
rogram - Difference 1-2 days 88 0.56 0.68 1.430 0.232
(T-SQAS) 3 days or more 388 -0.65 0.58
Locker Room - Difference 1-2 days 88 -0.32 0.48
4107 0.043*
(T-SQAS) 3 days or more 388 -0.44 0.51
Facility - Difference 1-2 days 88 -0.34 0.48
5.667 0.018*
(T-SQAS) 3 days or more 388 -0.46 0.45

Note. *p<0.05, **p<0.01, **p<0.001
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According to independent samples t-test analysis results, the weekly facility usage
frequency was identified not to cause a statistically significant difference in mean T-RIS [F(2,

473) = 0.082, p>0.05] scores of participants in terms of the main effect (Table 5).

Table 5
Descriptive Statistics and T-test Results of Frequency of Facility Usage for Independent
Groups Among the T-RIS

Scale Frequency N Mean SD t P
1-2 days 88 6.32 0.44
T-RIS 0.220 0.826
3 days or more 388 6.31 0.49

According to Pearson correlation analysis, there were positive statistically significant
correlations between the T-RIS with all subscales of the T-LSSS (p<0.01). Similarly, there were
positive, low-moderate level, statistically significant correlations found between the T-RIS
with the 4 subscales of the T-SQAS (p<0.01). In general, there were low-level significant
correlations between the T-LSSS subscales and the T-SQAS subscales (Table 6).

Table 6
Scale Scores Correlation Among the T-RIS, the T-LSSS, and the T-SQAS Subscales
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13
F1 1
F2 0.29** 1
F3 031% 038 1
F4 0.24** 0.30** 0.22%* 1
F5 025% 031%™  035% 037 1
F6 010 017 031%™  012% 019 1
F7 021%  026% 022 030% 0327 013 1
F8 0.23%  021% 024"  028% 028" 012 028 1
F9 018%  019%  025%  014% 016" 023  020% 042 1
F10 0.48** 0.16** 0.11** 0.24** 0.14** 0.01 0.09* 0.19** 0.08 1
Fl11 0.46** 0.19** 0.14** 0.15** 0.21** -0.02 0.05 0.12%* 0.05 0.49** 1
FI2  035%  0.08 008  011*  012% 001  019%  015% 008  040%  031% 1
FI3 031  010*  0.05 005  -001 002 0.00 0.07 008 035 033 031 1

Note. F1: T-RIS, F2: Behavioral Intentions (T-LSSS), F3: Resistance to Change (T-LSSS), F4: Overall Satisfaction (T-LSSS), F5:
Perceived Value (T-LSSS), F6: Position Involvement (T-LSSS), F7: Informational Complexity (T-LSSS), F8: Importance-Hedonism
(T-LSSS), F9: Sign (T-LSSS), F10: Staff-Difference (T-SQAS), F11: Program-Difference (T-SQAS), F12: Locker Room-Difference (T-
SQAS), F13: Facility-Difference (T-SQAS)
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DISCUSSION

This research aimed to identify the relationships between the service quality
perception, customer loyalty level, and customer repurchase intention of customers in health
and fitness clubs located in Ankara. The study analyzed the variables by associating service
quality, customer loyalty, and customer repurchase intention perceptions with facility usage

frequency of health and fitness clubs and the gender of participants.

Difference Between Expected and Perceived Service Quality

The service quality levels of health and fitness clubs were analyzed. This study
included 303 customers from eight health and fitness clubs. In conclusion, the service quality
of health and fitness clubs was below expectations. It is necessary to improve service quality
and respond to customer expectations (Ying, 2015). Another study investigated the service
quality of health and fitness clubs in Tiirkiye. The research findings revealed a negative gap
between sports and fitness club members” expectations and perceptions, as well as a failure to
meet customer expectations. In conclusion, the service quality offered by health and fitness
clubs in Ankara did not meet customer expectations. Customers found the service they
received inadequate and lacking quality. Businesses should keep service quality high and
meet customer expectations to develop customer loyalty and to ensure they display

repurchase behavior (Gurbtiz et al., 2012).

Gender, Service Quality, Customer Loyalty, and Repurchasing Intentions

When research findings are investigated according to the gender variable, the
subscale scores for the T-LSSS showed that mean scores for female participants were higher
than mean scores for male participants. Female customers can be said to develop and display
loyalty due to the health and fitness clubs they are members of being close to their lifestyle or
due to strong communication between business and customers. Customers see businesses that
are close to their lifestyles, with dynamic and energetic appearance and value shown by staff,
as important, and this plays a key role in terms of customer loyalty. Accordingly, when studies
in the literature are investigated, similar results are seen. For example, Tsitskari et al. (2017)
used a service quality and customer loyalty scale in their study. The research results found a
difference between individuals for the environment, interaction, and output quality offered
within service quality and a statistically significant difference in the subscales for service

quality and customer loyalty according to the gender variable. Females were concluded to
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have higher mean scores for service quality perceptions and customer loyalty levels compared
to males.

The T-SQAS subscale mean scores for female participants were found to be greater
than those for male participants when the research findings are examined with respect to
gender. Females attached importance to the ‘program’ quality of health and fitness clubs and
found the content, quality, and suitability of the programs not to be adequate. To increase the
service quality standards, health and fitness clubs need to display the necessary care for
diversity, suitability, and quality of programs. Customers attach much importance to care in
program preparation and implementation and this is a factor with a large share in the service
quality perceptions of a business.

A study about the service quality perception of a health and fitness club indicated
significant differences in T-SQAS subscale mean scores based on the gender variable when the
literature is examined. Female participants were concluded to have higher mean expectation
and perception scores compared to male participants. It was observed that the mean
expectation scores were higher than the mean perceived scores for all subscales of service
quality. There were negative differences, especially for the ‘program’ subscale, and customers
were identified as not finding the program quality of businesses adequate and as not satisfied.
Female customers had higher expectations about the service offered by businesses and can be
said to attach more importance to service quality. The study results appear to support our

research findings (Glirbuiz et al., 2012).

Facility Usage Frequency, Service Quality, Customer Loyalty, and Repurchasing Intentions

According to the weekly facility usage frequency of health and fitness club customers,
the mean scores of participants using the facilities three days or more per week were higher
compared to those using the facilities oneto two days for the T-SQAS subscale scores (Table
4). Tsitskari et al. (2017) separated exercise participants into sections according to participation
frequency in a study entitled The Perceived Service Quality and Customer Loyalty of Health
and Fitness Club Members. The motivation for participation in the exercise scale and service
quality assessment scale were used. They identified a positive relationship between exercise
participation frequency and service quality. As the participation frequency of participants
increased, customer satisfaction levels increased.

Another study included in the literature investigated the strategic framework based

on quality dimensions for health and fitness clubs. There was a positive relationship between

268

Pamukkale J Sport Sci, 15(2), 253-276, 2024



Service Quality and Repurchase Intention Giical & Giirbiiz

the participation frequency variable and service quality, and participants were concluded to
give more importance to facility and program quality. Businesses should pay attention to and
develop facility quality and program quality (Vieira & Ferreira, 2017). Studies in the literature
support our findings. Another study by Giirbiiz et al. (2012) involved research on measuring
service quality levels and developing solution proposals.

Similar outcomes were observed in our research findings. Participants using the
facility three days or more were identified to have higher scores for the program and locker
room subscales compared to participants using the facility one or two days. Participants felt
program content, suitability and quality were important and saw them as deficient.
Additionally, the presence of locker rooms, distance, hygiene and safety were effective
elements for participants using the facilities three days or more per week. It appears that

studies in the relevant literature support our findings (Gtirbtiz & Giical, 2020).

Relationship Between Service Quality, Customer Loyalty, and Repurchase Intentions

Based on the correlation analysis results for mean scores of T-SQAS, T-LSSS and T-
RIS (Table 6), it can be inferred that there exists a positive statistical relationship. Service
quality, customer loyalty and repurchase intentions comprise the basic qualities when
businesses create strategic plans. With the increase in service quality, customer loyalty is
developed (Giirbiiz & Gtical, 2020) and customers display the intention to repurchase the same
service. As a result, businesses make a profit, and the corporate image is enhanced. In the
literature, several studies and researchers support this result. For example, a study of a health
and fitness club identified a positive and high degree relationship between service quality and
customer loyalty (Jeaheng et al., 2020).

Ma and Kaplanidou (2018) investigated the relationships between quality of life,
service quality, and behavioral intentions in a study about recreational runners. In this study,
the service quality, quality of life, and behavioral intention scales were used. In conclusion,
service quality was found to positively affect the behavioral intentions of individuals. The
effect of service providers’ perceptions on customer loyalty as perceived by customers of
health and wellness clubs was investigated. The aim of the research was to test how important
the empathy factor was for the personal presentation of services and the effect on customer
loyalty. It was accepted that empathy, one of the five components of the SERVQUAL model,

represented service quality. They found a significant relationship between empathy and
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customer loyalty. Empathy was revealed to be one of the elements increasing service quality
and developing customer loyalty (Marandi & Harris, 2010).

With the increase in service quality, there is increased participation by individuals in
exercise in the future. Individuals participating in regular exercise appear to have increased
quality of life. We can say that regular exercise positively affects quality of life. Another study
investigated the relationship between quality, satisfaction, and repurchase intention. The
results of the research identified a positive relationship between service quality and
repurchase intention. With the increase in service quality, customer satisfaction increased, and
customers had increased repurchase intentions (Zopiatis et al., 2017).

Another study in the literature investigated the effect of service quality of health and
fitness clubs on satisfaction, loyalty, and repurchase intentions. The study included 361
customers. It was identified that attitudinal and behavioral loyalty had an impact on customer
repurchase intentions. They concluded that there was a strong and positive relationship
between customer loyalty and repurchase intent. Customers’ intent to repurchase increased
as customer loyalty increased (Barshan et al., 2017). Several studies in the literature revealed
similar results. Alexandris et al. (2001) used service quality and behavioral intention scales in
a study with the participation of 300 individuals. The results showed a significant and strong
relationship between service quality and repurchase intention. As the service quality of
businesses increased, repurchase intentions increased. Service quality and repurchase
intention play key roles in businesses making a profit and sustaining a permanent presence.
Businesses should have high-quality standards and should ensure customers display
repurchase intention. In this way, they will be successful and the corporate image will increase.

This situation appears to support our research results.

Limitations

This study has some limitations, such as the fact that it only included members of
private health and fitness facilities in Ankara that have served 1000 individuals on a regular
basis over the course of five years. To increase the generalizability of the study, larger
populations and samples may be used. Comparisons may be performed for businesses in
different service sectors. It may be advised to employ qualitative research methodologies to
investigate the reasons behind the study’s findings. Future studies may ensure the

participation of individuals with different socioeconomic statuses.
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CONCLUSION

The study identified differences at a negative level between the service quality
expectations and perceptions of health and fitness club members. According to this result, the
participants” service quality expectations were not met. Females had higher mean scores for
service quality and customer loyalty compared to males. In conclusion, females were
identified to have higher loyalty to the business and higher service quality received from
businesses compared to males.

As the frequency of usage of health and fitness clubs increased, customer loyalty scores
of participants increased; however, this did not create a statistically significant difference.
Contrary to this, individuals using facilities more frequently had higher expectations related
to service quality and repurchase intention. When generally assessed, when the service quality
expectations of participants were met, their loyalty to health and fitness clubs and repurchase
intention increased.

Our research addresses several theoretical gaps. For example, it aids in the
identification of gaps to improve services in recreational and sports enterprises (Aizat et al.,
2023). Furthermore, our research contributes by grounding consumer service quality
perceptions in health and fitness clubs using the gap model, one of the main theories of service
quality, and assisting in the formulation of customer acquisition and retention strategies for
businesses (Wang & Chiu, 2023).

The recent study not only contributes to our understanding of the subject matter but
also carries profound theoretical implications. Above all, the research adds to the existing body
of understanding regarding service quality, customer loyalty, and repurchase intention. The
current study, revealing the relationship between service quality, customer loyalty, and
repurchase intention, provides theoretical implications for addressing the concept and its

meaning in a changing and transforming service sector.

PRACTICAL IMPLICATIONS

It is necessary for health and fitness clubs to create long-term strategic plans. Policies
should be determined to increase service quality and customer loyalty and to create and
sustain the corporate image so customers display repurchase behavior. To sustain the
existence of health and fitness clubs, customer expectations should be identified by performing

research and measuring customer satisfaction with the business at certain periods.
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For the long-term success of health and fitness clubs, they should adopt a customer-
focused understanding of quality and determine policies accordingly. Public relations
activities should be organized to attract customers to the business from within and outside the
business or to ensure permanence, and good intention and understanding should be created
between the organization and the target audience. Activities related to customer satisfaction,
company image, communication tools, and public relations that affect service quality should
be prepared in advance to foster and enhance customer loyalty, and alternate solution

suggestions should be made for times of crisis.
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ABSTRACT
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Idealizati . ..
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Intellect, unique nature is competitiveness and result-driven organization. The
I;/Iifr:lzttligrr? purpose of this study was to assess the impact of transformational
leadership practices on the organizational performance of some
Ethiopian sports federations. Cross-sectional design was used to collect
transformational leadership and organizational performance variables.
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organizations effectiveness. SPSS version 26 was used to process the
data; robust method of multiple regression analysis was used to analyze
the data p < 0.05. The result of the study shows that idealized influence
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organizational performance. The finding of the study shows that
transformational leadership idealized influence enhanced the
performance of selected Ethiopian sports federations through inspiring
trust, fostering commitment, promoting excellence, and cultivating a
positive organizational culture. Ethiopian Sports Federation managers
were advised to consider transformational leadership style dimensions
such as inspirational motivation, intellectual simulations and individual
considerations in their leadership.
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INTRODUCTION

Transformational leadership style has positive and significant impact on enhancing
individual, group and team performance (Mach et al., 2021), employee performance (Gary,
2017; Grace, 2015), organizational performance (Akparep et al., 2019; Djoko, et al., 2017; Islami
& Mulolli, 2020), organizational commitment (Mohamed, 2012), job satisfaction (Kili¢ &
Uludag, 2021), financial performance (Devie et al., 2015) and overall performance (Bandana et
al., 2018; Roger, 2008).

In sporting scenario, most of sports organizations which exercised transformational
leadership style reduces athletes turnover and enhance coaches-athletes relationship (Hu &
Wang, 2017), job satisfaction (Aminuddin, 2002), values opinion of athletes and enhancing
athletes sense of pride in their national and international sporting achievements (Oh & Yang,
2023), enhance team effectiveness within sporting environments (Cotterill & Fransen, 2021),
positively predict the well-being of athletes (Liu, et al.,, 2022), the performance of sports
organizations (Petrus & Hedvig, 2017; Yaqub, et al., 2021) and improved overall performance
Bandung City Youth and Sports Office (Oh & Yang, 2023).

Transformational leadership dimensions including idealized influence, inspirational
motivation, intellectual simulation and individualized consideration registers different
outcomes on performance of sport organizations. Individual consideration alone promotes
teamwork, fostering acceptance of group goals, setting high performance expectations (Callow
et al., Hardy, 2009)

Sports leaders can enhance organizational performance by demonstrating individual
consideration towards their employees (Saima et al., 2021). This involves addressing their
needs and concerns, providing coaching and guidance, actively listening to their perspectives,
and offering mentorship. Additionally, leaders can contribute to organizational performance
by exhibiting idealized influence. This entails serving as a role model, upholding ethical
standards, fostering trust, and showing respect. Furthermore, leaders can further elevate
organizational performance by employing inspirational motivation. This includes displaying
confidence, having a visionary mind-set, being receptive to thoughts and ideas, demonstrating
commitment to goals, and fostering team cohesion. While leaders can also achieve some level
of organizational performance by employing intellectual stimulation, such as encouraging
creativity and innovation, fostering good relationships, promoting critical thinking, problem-

solving, and involving employees in decision-making processes, and the impact may be
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relatively modest (Modeste, 2020). Measuring organizational performance is different across
the countries and organizational context. The measurement of sports organizational
performance of National Australian Sports Association may be different from the context
Ethiopian Sports organizational performance.

Numerous articles have been published on the topic of transformational leadership
and its impact on organizational performance in the sports environment (Gang et al., 2011;
Kao & Tsai, 2016; Mach et al., 2021; Namrata et al., 2019; Sadia & Aman, 2018). Ethiopia has a
notable track record of success in athletics and football on the global stage. The nation has
produced a multitude of exceptional athletes and has achieved significant milestones in both
sports (Hizkiyas, 2018).

The leadership provided by the Ethiopian government, Ethiopian Athletics Federation,
Ethiopian Football Federation, coaches, and athletes has played a pivotal role in these
international accomplishments. In the context of Ethiopian sports, there were very few
leadership theories and leadership styles were investigated few sports discipline, either
leadership theories or leadership styles were conducted independently or together, few
researches were also conducted in private and government offices, transformational
leadership relation with employee performance in sport industry in Ethiopian scenario makes
this research different from other previous research works. Therefore, this study was focused
to investigate the impact of transformational leadership on organizational performance of
selected Ethiopian Sports federations. This research specifically focused to test the below
mentioned research hypothesis.

o Ho: Idealized influence did not significantly predict performance of
Selected Ethiopian Sport Federations.

o Ho: Inspirational motivation did not significantly predict
performance of Selected Ethiopian Sport Federations.

o Ho: Intellectual simulation did not significantly predict performance
of Selected Ethiopian Sport Federations.

o Ho: Individual consideration did not significantly predict

performance of Selected Ethiopian Sport Federations.
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METHODS

Participant
The participants of the study demographic information such as age, gender, marital
status, monthly income, educational level, work experience, coaching certificate and referee

or officiating certificate was taken from Ethiopian Football and Athletics Federation.

Procedure

The research employed a cross-sectional research design, wherein the participants
were approached and administered the questionnaire only once. The utilization of cross-
sectional research designs in this study holds significant importance as it allows for a
momentary depiction of the characteristics and dynamics within a population during the year
2022. This design offers valuable insights into the prevailing traits and associations between
variables, such as transformational leadership and organizational effectiveness. However, it is
imperative for the researchers to conscientiously acknowledge the limitations associated with
this design when interpreting the findings and drawing conclusions.

The two organizations chosen for the study were the Ethiopian Football Federation (N
= 59) and the Ethiopian Athletics Federation (N = 67). N = 126 people were the total number
of target subjects. Referees, coaches, and other support staff from sporting organizations were
included in this study. A stratified sampling strategy was used to choose the study's
population. The snowball sampling method was used to select the higher officials of the
Ethiopian Athletics Federation (N = 3) and the Ethiopian Football Federation (N = 3).

The formula for estimating sample size (n) when population size (N) is known was
used to determine the sample size. A simpler formula to calculate sample sizes is provided by
the Taro Yamane formula (1967:886). Using a 95% confidence interval and a population
attribute variability maximum of 5% (0.05), the sample size was calculated (Kizito &
Schumacher, 2021). As shown in Table 1, the required sample size determination has been
determined and accepted.

Table 1
Sample Size Determination of Studied Population

S.n Sport Federations Population Sample
1 Ethiopian Football Federation 59 44
2 Ethiopian Athletics Federation 67 51
Total 126 95
280
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Data Collection Tools

The outcome variable of the study was selected Ethiopian Sports federation
organizational effectiveness. A psychometric property of organizational effectiveness subscale
includes flexibility, resources, planning, productivity, information, stability, and skilled labor.
This questionnaire was used in Australian national Olympic sporting organizations. The
psychometric properties of the subscales developed within each of the four quadrants
composing the competing values approach, seven subscales and 56-items. A 5-likert scale
questionnaire was used to measure the perception of employees on effectiveness of selected
Ethiopian Sports federation (Shilbury & Moore, 2016).

The standardized multifactorial leadership questionnaire developed in Germany was
used the Transformational leadership subscale individualized influence, inspirational
motivation, intellectual simulations, and individual considerations. The primary component
of the transformational scales is Inspirational Motivation, wherein the leader articulates and
embodies a vision, fostering followers' motivation through a positive outlook on the future.
Idealized Influence involves attributing charisma to the leader, leading followers to form
strong emotional bonds based on the leader's positive traits, thus cultivating trust and
confidence. This element underscores a shared sense of purpose and principles, along with the
translation of these principles into action. Moreover, Intellectual Stimulation involves
questioning followers' beliefs, analysing the problems they encounter, and evaluating the
solutions they propose. Lastly, Individualized Consideration entails acknowledging the
unique needs of followers and nurturing their individual capabilities (Jens, 2005). The
construct validity was checked. The measurement of this behavior was done using a 5-point
Likert scale and the respondents were urged to provide honest and conscientious responses
to ensure the significance of the research. Oromia Football Federation and Oromia Athletics
Federation (n = 20) were subjected to a pilot test. Customizing the standardized questionnaire
to fit the existing contextualization was a crucial justification for the pilot test.

Employees of the Oromia Football Federation and Athletics Federation received the
standardized surveys. This aids in evaluating the questionnaire response's internal
consistency. Within a one-week period, the questionnaire was distributed twice at the same
time on the same day. This helps the researcher comprehend how consistently things have
been over a longer length of time. Before the final questionnaire was modified, the consistency

was determined using the Cronbatch alpha method (Table 2). Due to the uniformity of the
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participant responses, the researcher was able to understand the how, why, and to-whom the

questions were directed.

Table 2
Pilot Test Preparation
. Cronbach's No of .
Sn Variables Alpha Items No of participant

1. Individualized Influence 70 3 20

2. Inspirational Motivation .78 3 20

3. Intellectual Simulations .67 3 20

4. Individual Considerations .69 3 20

5. Organizational Performance 81 56 20

Data Analysis

The data was entered and processed using SPSS version 26. The demographic
information of the study was crosstab with types of sports participation including athletic and
football participation. In addition to cross-tabulation, chi-square test of association was used
to test the association between demographic information of participants and types of sports
participation. The data normality assumptions were checked using Kolmogorov-Smirnov
normality tests (KS) and the results revealed that individual influence (KS = .23, P = .00),
inspirational motivation (KS = .22, P = .00), intellectual simulation (KS = .21, P = .00),
individualized considerations (KS = .19, P = .00) and organizational performance (KS = .24, P
= .00). In addition to this, mean, median, variance, standard deviation, Skewedness and
kurtosis was visually checked and the data were not normally distributed. In order to reverse
the normality assumptions, data were normal distribution was transformed using log10 data.
Transforming data using the log10 function helps normalize skewed distributions and reduces
the impact of extreme values on analysis. These benefits make it an essential tool for
researchers to analyze the data and interpret the result. As a result, Generalized Linear Model,
Univariate statistics, Robust Regression Method, robust standard error was used to identify
the impact of transformational leadership on performance of Selected Ethiopian Sports

Federation.

RESULTS

The demographic information study sample of categorical variable shows (age, gender.
Marital status, monthly income, educational level, work experience, coaching certificate and

referee or officiating certificate) and types of sport participation categorical data (football and
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athletics) crosstab analysis were found in the Table 3. The predictor variable of the study
transformational Leadership subscale such as idealized influence, inspirational motivation,
intellectual simulation and individual consideration impact on the outcome variable of the
study performance of Selected Ethiopian Sport Federations was regressed using robust

method of multiple regressions in the Table 2.

Table 3
Crosstab of Samples of Demographic Information Across Types of Sports Participations
Variables Choices Football Athletics Total X2 df p
n % n % n %
Age 18-24 9 176 9 20.5 18 18.9
25-34 20 39.2 22 50.0 42 442
35-44 10 19.6 6 13.6 16 16.8 190 3 0.59
45-54 12 235 7 15.9 19 20.0
Gender Male 44 86.3 42 95.5 86 90.5
Female 7 137 2 4.50 9 9.50 232 1 0.12
Marital Single 15 294 23 52.3 38 40.0 514 1 0.02
status Married 36 70.6 21 47.7 57 60.0 ) )
Monthly 2500 ETB 6 118 2 45 8 8.4
Income 2501-5000 11 216 18 409 29 30.5
5001-7500 10 19.6 3 6.8 13 13.7 1351 4 0.00
7501-1000 17 333 7 159 24 25.3
»10001 7 137 14 31.8 21 221
Educational Certificate 4 7.8 0 0.0 4 4.2
Level Diploma 15 294 8 182 23 242
First degree 23 451 23 523 46 48.4 637 3 009
Master’s degree 9 176 13 295 22 23.2
Work <5year 9 176 11 250 20 21.1
Experience 6-10years 11 21.6 8 182 19 20.0
11-15years 15 294 13 29.5 28 29.5 531 4 0.25
16-20years 9 176 2 4.50 11 11.60
>21years 7 137 10 227 17 17.9
Coaching Level One 5 98 3 6.8 8 8.4
Certificate Level Two 30 58.8 36 81.8 66 69.5
Level Three 8 157 1 2.3 9 9.5 7.50 4 0.11
Level Four 5 9.8 2 45 7 7.4
Level Five 3 59 2 4.5 5 5.3
Referee Level One 8 157 11 25.0 19 20.0

(Officiating) Level Two 22 431 21 47.7 43 45.3
certificate Level Three 10 19.6 8 182 18 18.9 1528 4 0.00

Level Four 11 21.6 0 0.0 11 11.6

Level Five 0 0.0 4 9.1 4 4.2

Note. Df = Degree of freedom. n = number. X2 = chi-square

The result of the study indicates that the majority of participants in this study were
adults, male, married, first degree holders, experienced, second level coaching certificate and
second level referee certificate for both football and athletics participant demographic

information. However, the income of football participants” income level was greater than
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athletics participants. Moreover, marital status, monthly income and referee certification level
of athletics participants have an association with football participants.

Robust regression was run to predict selected Ethiopian Sport Federation
organizational performance from transformational leadership behaviour subscale such
individual influence, inspirational motivation, intellectual simulation and individualized
considerations (Table 4). This resulted in a significant model, F (3, 284) = 8.45, p < .05, adjusted
R2 = 095. Individual influence was statistically significantly predicted organizational
performance ($ = .26, p = .00). Therefore, the null hypothesis was rejected and there was
evidence that idealized influence significantly predict organizational performance of selected
Ethiopian Sports Federation. The Ethiopian sport federation’s leaders make employees felt
good to be around him/her. Ethiopian sports federation employees were proud to work in the
association with their leaders and the leaders providing appealing images about the works to
be done in the sports federation.

It was found that inspirational motivation did not significantly predicted
organizational performance (3 = .03, p = .54), therefore, the null hypothesis was accepted that
inspirational motivation did not significantly predict organizational performance of selected
Ethiopian Sports Federation. This indicates that employees did not have a complete faith on
their supervisors, supervisors did not express what to be done in t = a few words and couldn’t
find a way to help employees. These could not improve the performance of selected
federations.

It was found that intellectual simulation did not significantly predicted organizational
performance (f = .11, p = .12), therefore, the null hypothesis was accepted that intellectual
simulation did not significantly predict organizational performance of selected Ethiopian
Sports Federation. Moreover, the supervisors unable provide employees to think about old
problems in another way, new way of looking into things and rethink ideas that had never
questioned before. Probability, these negatively impacted the sport federation performance.

It was found that individualized considerations did not significantly predicted
organizational performance (3 = -.05, p = .49) therefore, the null hypothesis was accepted that
individual consideration did not significantly predict organizational performance of selected
Ethiopian Sports Federation. Furthermore, supervisors couldn’t help others to develop
themselves, lets others develop know what organization was doing and provide attentions for

employees seems rejected.
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Table 4

Robust Regression Summary of Predictor Variables on Outcome Variable
Predictor Variables B Robust Std. Error2 t p 95% CI
Intercept 22 .04 5.49 .00 [.14, .30]
Idealized Influence 26 .07 3.54 .00 [.11, 41]
Inspirational Motivation .03 .06 .60 .54 [-.08, .15]
Intellectual Simulation A1 .07 1.52 12 [-.03, .26]
Individualized -.05 .07 -.68 49 [-.19, .09]
Consideration

Note. Adjusted R2 = .095. CI = Confidence Interval. b = beta coefficient. t = t-value. Df = 284. F-test = 8.45

Nevertheless, several factors hindered the successful implementation of
transformational leadership within the context. These factors include a shortage of investors
willing to contribute to the necessary expansion of athletic facilities, a lack of robust
monitoring, evaluation, and support systems for sport training and competition, limited
utilization of modern technology and information systems, the impact of the global economic
downturn, and the failure to adequately meet the demands of athletes, coaches, and officials
in delivering sports services. In light of these challenges, the study proposes that selected
Ethiopian sports federations and stakeholders take proactive measures to alleviate the
obstacles impeding sport organizational performance.

One of the respondents said that there were major barrier to such as employees’
resistance to change, lack of financial resource, weak performance management system,
political influence, political instability, and rapid technology development which affected the

performance of Ethiopian Football Federation.

DISCUSSION

In the present research setting, the implementation of transformational leadership
specifically idealized influence has been found to have a positive impact on the performance
of the chosen Ethiopian Sports Federation. In agreement to this, there were previous studies
supported this study. For instance, in Nigeria and Kenya idealized influence predicted both
organizational performance and commitment (Angela et al., 2017; Murage et al., 2017; Victor
& Ogbulu, 2022). In congruent to this study, individual consideration, inspirational
motivation, and idealized influence significantly and positively influence the Organizational
Performance in the Ministry of Sports, Ministry of Youth and Culture, and the Ministry of
Gender and Family Promotion (Merriman et al., 2013; Modeste, 2020). In addition to this, study
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conducted in Nigeria reveals that inspirational motivation has insignificant effect on project
success (Al Shanqaiti & Farea, 2021). This implies that idealised influential leadership practices
fostered teamwork and a collective sense of mission and made employees feel valued. It was
further found that the character of the leader was a very important attribute, as this considered
their moral and ethical conduct (Mdletshe & Nzimakwe, 2023).

In contrast to this study, previous study conducted in Jordan, Saudi Arabia and
Indonesia suggested that idealized influence, inspirational motivation, intellectual stimulation
and individual based consideration enhance organizational learning (Rabia et al., 2010),
influencing progress (Al Shangqaiti & Farea, 2021), organizational effectiveness (Linda et al.,
2021) and enhance employee’s performance (Arafat et al., 2021). In contrary to this study, there
were studies in Nigeria, Kenya and Ethiopia reported that Inspirational motivation
significantly predicted the performance of senior managers (Murage et al., 2017), predicted
employ performance (Benta et al., 2018) and performance of the organization (Haymanot,
2019). The various dimensions of transformational leadership, including idealized influence,
inspirational motivation, intellectual stimulation, and individualized consideration, have a
positive impact on team communication, cohesion, and conflict management (Dionne et al.,

2004).

Limitations

In Ethiopia, currently there are 35 Ethiopian national federations among them only
Ethiopian Football federation and Ethiopian Athletics Federation was part of this study. This
study was used cross-sectional design during data collection and it is preferred if it will use
longitudinal research design. The study used survey method and it will be advisable if it will
be experimental. The study used small sample size, large sample size will be preferred.

The application transformational leadership theories and principles at international
level improve organizational effectiveness. Before applying transformational leadership
principles the Ethiopian sport federation leaders better to consider Ethiopian cultural context,
sport federation norms, staffs resistance to change, resource constraints, change management
processes, political interference affecting governance structures, inadequate training for
current leaders on transformational principles and resistance from stakeholders accustomed

to traditional methods.
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CONCLUSION

The study suggests that among transformational leadership style only idealized
influence positively contributes in in shaping the performance of selected Ethiopian sports
federations by inspiring trust, fostering commitment, promoting excellence, and cultivating a
positive organizational culture. Nevertheless, transformational leadership style constructs
such as inspirational motivation, intellectual simulations and individual considerations could
not enhance the performance of selected Ethiopian sports federations. To this effect,
individuals within the organization unable to develop unity, confidence, growth mind-set,
accountability, professionalism, excellence, inspires and motivates athletes to unleash their
full potential can lead to outstanding achievements on the field as well as personal growth off
the field. As well as unable to providing valuable insights, optimizing strategies, and enabling
data-driven decision-making. In addition to this lack of considering individuals affects
individual in the organizations motivation, communication, teamwork, and talent
development individuals in the selected Ethiopian Sports Federation. To this effect, selected
Ethiopian Sports Federation managers were advised to consider in their leadership
implementation transformational leadership style constructs such as inspirational motivation,

intellectual simulations and individual considerations.

PRACTICAL IMPLICATIONS

Practical implications of transformational leadership within selected Ethiopian sport
federations, organizations can foster a culture of excellence, teamwork, innovation, and
continuous improvement leading to enhanced performance outcomes of Ethiopian Football
and Athletics Federations across all levels. Both Sports federations were advised to exercise in
their daily activity transformational leadership constructs such as inspirational motivation,
Intellectual simulation and individualized consideration, since it has significant contribution

for enhancement of both sport federations.
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 Corresponding Author: iron were examined. Measuring mid-upper arm circumference (MUAC)
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MUAC was 28.9+3.8 cm and men’s MUAC was 30.7+7.0 cm, respectively.
When the reference values recommended for healthy athletes are met, it

has been observed that protein, carbohydrate, iron, and calcium didn’t

meet the recommendations. Carbohydrate, dietary vitamin D, calcium

and magnesium values were found to be higher on the training day than

on the non-training day (p<0.05). There was no difference between

spesific gravity, fluid intake during exercise or the amount of sweating
of the athletes (p>0.05). The hydration status of the athletes was found to
be inadequate in all conditions of gender, branch and the presence or

absence of training.

292

Citation: Kahvecioglu, T. and Aktag, S. (2024). Body Composition, Nutrition and Hydration Profile of Paralympic Athletes.
Pamukkale Journal of Sport Sciences, 15(2), 292-315. https:/ /doi.org/10.54141/psbd.1433152 © 2024 The Author(s) available online
at https://dergipark.org.tr/en/pub/psbd. This is an Open Access article distributed under the terms of the Creative Commons

Attribution 4.0 International License, CC BY 4.0 (https:/ /creativecommons.org/licenses/by/4.0/)



https://doi.org/10.54141/psbd.1433152
https://dergipark.org.tr/en/pub/psbd
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.54141/psbd.1433152
mailto:tkahve@gmail.com
https://orcid.org/0000-0003-0864-7506
https://orcid.org/0000-0002-2158-5015

Body & Nutrition Composition of Paralympic Athlete Kahvecioglu & Aktag

INTRODUCTION

The word "Paralympic" was originally a combination of the words "Paraplegic" and
"Olympic", but with the closer association of the Paralympic Movement with the Olympic
Movement, it was formed from the combination of the Greek preposition "Para" (parallel) and
"Olympic" (Tweedy & Howe, 2011). Paralympic athletes have less muscle tissue in energy
expenditure during activity than healthy athletes (Goosey-Tolfrey et al., 2014). As there is
reduced nutrient intake, nutrient-dense foods should be included in the athlete's diet to meet
macro and micronutrient intake. Gastric emptying is slower in athletes with spinal cord injury
than in healthy individuals. This should be considered when planning the number and
frequency of meals. When planning the nutrition of Paralympic athletes, it is necessary to
consider the time spent with the athlete and coaches, the energy spent by the athletes in
training, and the health problems of the athlete (Goosey-Tolfrey et al., 2014).

Nutrition assessment is necessary to ensure adequate nutrition and hydration intake
(Kesari & Noel, 2023). The primary purpose of nutritional assessment in Paralympic athletes
is to define energy and nutrient intake, identify nutrition errors, and make the necessary
changes to design the most appropriate nutrition plan. Hydration status, muscle fuel, and
energy utilization should be considered when creating a nutritional strategy for Paralympic
athletes (Das et al., 2019). The energy and nutrient needs of Paralympic athletes differ
according to the region and type of physical disability (Crosland & Broad, 2011). In athletes
with spinal cord injuries, changes in serum insulin and cholesterol levels as a result of
overwork of the cardiovascular system and changes in nervous system responses can cause
changes in the utilization of fats and carbohydrates (Das et al., 2019; Flueck & Perret, 2017).
The importance of these two nutrients as fuel sources in disabled athletes is the same as in
healthy athletes (Van de Vliet et al., 2011). An athlete's hydration status plays an important
role in determining sports performance. Hydration status depends on factors such as the type
of exercise, the athlete's muscle and fat mass, gender, age, and climatic factors such as
temperature and humidity (Baysal, 2018). The hydration requirements of Paralympic athletes
are similar to those of healthy athletes (Van de Vliet et al., 2011). When hydration is not
provided, not only sports performance but also the life of the athlete can be jeopardized due
to heat-related diseases (Ersoy, 2016; Ozdemir & Ersoy, 2009). For example, in athletes with

spinal cord injuries, hypothermia or hyperthermia can be seen in moderate body temperature
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changes. With appropriate hydration, athletes can be protected from this situation (Buchholz
et al. et al., 2003).

Anthropometry is the measurement of weight, body size, and proportions, and it is a
precious adjunct in assessing nutritional status (Citar Daziroglu & Koksal, 2023; Lee &
Nieman, 2012). However, there are some difficulties in measuring the height and body weight
within the scope of the evaluation of nutritional status in these individuals (Citar Daziroglu &
Koksal, 2023). When it is impossible or difficult to take a patient’s body weight directly, body
weight can be estimated using various anthropometric measurements such as mid-upper arm
circumference (MUAC), knee height, subscapular skinfold thickness, and calf circumference
(Lee & Nieman, 2012). Waist circumference is also an indicator of visceral abdominal adiposity
and is more related to the cardiovascular disease (CVD) risk than body mass index (BMI). It
was stated that the relationship between CVD and waist circumference is higher in individuals
with spinal cord injuries individuals compared to BMI (Buchholz & Bugaresti, 2005).

This study aimed to determine the body composition, nutritional status and hydration
status of professional Paralympic athletes affiliated with the Turkish Sports Federation of the
Physically Disabled and to evaluate the results obtained. For this purpose, a comparison of
branches, sex, and nutritional habits on training day and non-training day was examined. In
the literature, no study has been found that evaluates the body composition, nutritional, and
hydration status of Turkish paralympic athletes together. The data obtained will be vital as it’s

the first study to be conducted on this subject.

METHODS

Participant

The professional athletes in Istanbul reached 25 swimmers, 4 archers, 20 amputee
footballers, and 17 wheelchair basketballers due to the COVID-19 pandemic and the
cancellation of the leagues. The sample of the study consisted of 66 participants. All
participants were informed about the study and asked to sign a Voluntary Consent Form.
Athletes over the age of 18 who agreed to volunteer with the consent form and who were not
hearing impaired, licensed, or affiliated with the Turkish Sports Federation for the Physically
Disabled were included in the study. Individuals who did not meet the inclusion criteria and
had missing data in the food consumption record and physical activity record were excluded

from the study.
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Ethical approval for this study was obtained from the Marmara University Faculty of
Medicine Clinical Research Ethics Committee on November 1, 2019, with protocol code
09.2019.956. Written informed consent to participate in this study was provided by the

participants. The study was conducted in accordance with the Declaration of Helsinki.

Procedure

The study is a cross-sectional study planned to determine the nutrition and hydration
status of Paralympic athletes. Study permission was obtained from the Turkish Physically
Disabled Sports Federation for its execution. This study was conducted between November
2020 and June 2021 with licensed athletes affiliated with the Turkish Sports Federation for the
Physically Disabled.

The study's data were collected through a structured questionnaire via the face-to-face
interview method. The questionnaire consisted of open-ended and multiple-choice questions
prepared by the researchers based on the literature review. In the general information part of
the questionnaire, players were asked about their ages, clubs, educational level, and marital

status.

Data Collection Tools

Determination of Nutritional Status

In the continuation of the questionnaire, various questions measuring the level of
nutrition knowledge and nutritional habits were asked. Food consumption data were
analyzed with the Nutrition Information System (BeBis version 8.1). This program examined
energy, carbohydrate, protein, fat, water, vitamin D, vitamin B12, calcium, magnesium, and

iron in detail.

Determination of Physical Activity

The researchers took physical activity and 24-hour food consumption records on the
teams' training and non-training days. The participants' daily energy expenditure was
calculated by multiplying the recorded activity times by the Physical Activity Ratio (PAR)

values and basal metabolic rate-min (BMR) values determined for physical activity.

Determination of Hydration Status
To determine the hydration status, the Water Balance Scale (Sen & Aktag, 2021) was
applied and urine samples were collected. The Water Balance Scale has been used as a non-

invasive screening tool to determine the amount of water lost through sweating, urine, and
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defecation and the amount of water intake through drinking water, beverages, and food
(Malisova et al., 2012). It was aimed at evaluating the water balance, water intake, water loss,
and fluid consumption habits of athletes with the Water Balance Scale, urine sample, and food
consumption record. Urine samples were collected from the participants in disposable sterile
urine containers before training. After sampling, the sample was allowed to reach room
temperature (15-30 degrees). The results were evaluated according to the color scale indicated
on the urine strip box. If the urine pH was seven or above, a value of 0.005 was added when

reading the density.

Determination of Body Composition

Anthropometric measurements (knee height, MUAC, waist, and hip circumference) of
the players were taken. Knee height was measured with the participant sitting on a stool
suitable for his/her height, with his/her feet 25-30 cm apart and the knee in 90° flexion. The
heights of the players were calculated by using the demi-span lengths with the help of the

formulas in Table 1.

Table 1
Estimated Height and Weight Calculation via Knee Height and Mid-Upper Arm
Circumference (Chumlea et al., 1994; Lee & Nieman, 2013)

Gender Estimated Height (cm)

Male (NH x 1.88) +70.85 (7.9 cm)
Female (NH x 1.87) - (Age x 0.06) +70.25 (£7.2 cm)
Gender Estimated Weight (kg)

Male (NHx1.19)+(MUACx3.21)-86.82(+11.42 kg)
Female (NHx1.01)+(MUACx2.81)-66.04 (£10.60 kg)

Note. NH: Knee Height, MUAC: Mid-upper arm circumference

Skinfold thickness measurement, which is an important method in determining body
fat ratio, is performed using a caliper, and the accuracy and reliability of the results are
negatively affected because of compliance issues in mentally disabled individuals (Casey,
2013). There are some errors in estimating body density when various anthropometric
measurements are used, and these errors can be minimized when the equation that requires
more variables (four instead of two) is used, and more attention is paid to measurement
techniques (Lee & Niemann, 2012). Determination of the body density skinfold thickness

measurements are taken from four regions (abdomen, triceps, suprailiac, and thigh) with a
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caliper, and the Siri equation (% Body Fat = (495 / Body Density) - 450) was used to determine
body fat percentage.

Due to the COVID-19 outbreak, uniforms, gloves, masks, and visors were used while
taking measurements, and the instruments to be measured were sprayed with disinfectant
between measurements. The following conditions were observed during the measurements:

o Taking measurements before training

o The person being measured should be wearing as little clothing and no shoes as

possible

o Flat surfaces to stand, support, and sit on during measurement

o Taking measurements from the same side of the body whenever possible

o Care was taken not to take measurements from the limb-deficient side.

Data Analysis

The data were evaluated statistically using the SPSS (Statistical Package for the Social
Sciences) 22.0 package program. While evaluating the study data, the conformity of the
parameters to normal distribution was evaluated by the Shapiro-Wilks test. In addition to
descriptive statistical methods (mean, standard deviation, and frequency), the one-way
ANOVA test was used for comparisons of parameters with a normal distribution between
groups, and the Tukey HDS test was used to determine the group causing the difference. The
Kruskal-Wallis test was used for intergroup comparisons of parameters that did not show a
normal distribution, and Dunn's test was used to determine the group causing the difference.

Significance was evaluated at the p<0.05 level.

RESULTS

The research involved 66 paralympic athletes, 50 of them (75.8%) men and 16 (24.2%)
women, aged 18 to 54 (mean 27.5+9.4). The branch distribution of the athletes in the research
is as follows: 37.9% (n = 25) to swimming, 30.3% (n=20) to amputee football, 25.7% (n =17) to
wheelchair basketball, and 6.1% (n = 4) archery. Limb deficiency in 48.5%, muscle strength,
and coordination disorders in 18.2%, spinal cord paralysis in 16.7 %, mental disability in 9.1%,
spina bifida in 3%, ataxia, short stature, and mental disability in 1.5% of athletes are observed.
Anthropometric measurements of athletes are shown in Table 2. Comparison of

anthropometric measurements by branches of athletes are shown in Table 3.
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Table 2
Anthropometric Measurements of Athletes by Gender (n = 66)
Parameters Female Male
MeantSD Min Max MeantSD Min Max
Estimated Body 62.2411.9 49.0 86.9 72.0+15.1 50.6 125.0
Weight* (kg)
Fat Mass (kg) 13.543.7 6.0 20.8 12.649.4 15 61.4
Fat Free Mass (kg) 49.6+10.2 35.7 69.9 59.3+12.1 255 102.2
Fat Percentage (%) 21.7£5.6 9.4 29.4 16.7£9.9 2.8 70.6
Estimated Body 166.3+153 125 185 170.1+15.8 95 205
Height (cm)
Knee Height (cm) 50.9+5.4 42 60 49.748.6 0 62
Wai
aist 77.6£11.0 62 99 86.3+12.70 64 121

Circumferance (cm)

Hip Circumferance

91.749.9 79 112 96.5+10.6 72 122

(cm)
Waist/Hip Ratio 0.8+0.08 0.75 1.01 0.90.07 0.78 11
Mid-Upper Arm 28.9+3.8 23.0 35.0 30.747.0 0.0 420

Circumference (cm)

Note. *Body weight calculation via knee height and mid-upper arm circumferance

Table 3
Comparison of Anthropometric Measuraments by Branches (n = 66)
Branch
Swimming Wheelchair Archery Amputee Football
Parameters (n=25) Basketball (n=4) (n=20) P
(n=17)
Mean+SD Mean+SD Mean+SD Mean+SD
Estimated Body Height (cm) 148.3£34.2 178+10.8 174.3£7.8 164.7417.1 10.000*
Waist Circumferance (cm) 76.6+9.2 94.5+12.2 101.3£2.9 81.54£9.3 20.000*
Hip Circumferance (cm) 89.617.6 102.449.9 10616.1 94.61£10.2 20.000*
Waist/Hip Ratio 0.85+0.06 0.92+0.09 0.96+0.08 0.86%0.05 10.001*
Mid-upper arm 26.8+6.8 36.3+4.1 33.25+1.0 28.9+4.1 20.000*

circumferance (cm)

Note. 1Oneway Anova Test; ZKruskal Wallis Test; *p<0.05

The answers given by the athletes in the study to the questions about measuring their

nutritional knowledge levels and nutritional habits are shown in Table 4.
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Table 4
Nutritional Knowledge and Nutritional Habits of Athletes (n = 66)
Branch
. Swimmin Wheelchair Arche Amputee
Questions/Answers (n=25) 8 Basketball (n= 4;'y Football p
(n=17) (n=20)
MeantSD MeantSD MeantSD MeantSD
Meal skipping Not skipped 15 (%60) 11 (%64.7) 1 (%25) 15 (%75) 10.309
situation
Skipped 10 (%40) 6 (%35.3) 3 (%75) 5 (%25)
Meals usually Breakfast 6 (%60) 1(%16.7) 1 (%33.3) 2 (%40) 20.565
skipped (n=24)
Lunch 2 (%20) 2 (%33.3) 1 (%33.3) 3 (%60)
Snack 2 (%20) 2 (%33.3) 1 (%33.3) 0 (%0)
Dinner 0 (%0) 1(%16.7) 0 (%0) 0 (%0)
Reason for Lack of time 4 (%44.4) 3 (%50) 1 (%33.3) 2 (%40) 30.825
skipping (n=24)
Be late 2 (%22.2) 1(%16.7) 1 (%33.3) 2 (%40)
Other 1(%11.2) 1 (%16.6) 1 (%33.3) 0 (%0)
Lack of habit 1(%11.1) 0 (%0) 0 (%0) 1 (%20)
Anorexia 1(%11.1) 1(%16.7) 0 (%0) 0 (%0)
Eating speed Fast 14 (%56) 12 (%70.6) 2 (%50) 14 (%70) 10.677
Slow 11 (%44) 5 (%29.4) 2 (%50) 6 (%30)
Macronutrient Consume 24 (%96) 16 (%94.1) 2 (%50) 16 (%80) 10.043*
consumption
status
Not consume 1 (%4) 1 (%5.9) 2 (%50) 4 (%20)
Paying attention Paying attention 17 (%68) 14 (%82.4) 1 (%25) 19 (%95) 10.012*
to nutrition
status
Not paying attention 8 (%32) 3 (%17.6) 3 (%75) 1 (%5)
Relationship Very close 16 (%64) 15 (%88.2) 4 (%100) 18 (%90) 30.208
between eating relationship
habits and

success in sports
Note. Correct answers are indicated in bold. Fisher Freeman Halton Test, 2Fisher’s Exact Test, 3Ki-Kare Test. *p<0.05
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Table 4 (Continued)
Branch
Swimmin Wheelchair Archer Amputee
Questions/Answers (n=25) & Basketball (n= 4)y Football P
(n=17) (n=20)
MeantSD Mean+SD MeantSD Mean+SD
No idea 8 (%32) 2 (%11.8) 0 (%0) 1 (%5) 30.038*
Hours stop eating
before competition
No 1 (%4) 0 (%0) 0 (%0) 1 (%5)
relationship
1-2 hours 17 (%68) 4 (%23.5) 4 (%100) 10 (%50)
3-4 hours 6 (%24) 12 (%70.6) 0 (%0) 8 (%40)
Not paying 2 (%8) 1 (%5.9) 0 (%0) 2 (%10)
attention
Type of food Rich in 8 (%32) 4 (%23.5) 0 (%0) 7 (%35) 30.015*
consumed before carbohydrates
training/competition
Not paying 9 (%36) 4 (%23.5) 2 (%50) 3 (%15)
attention
Rich in 5 (%20) 4 (%23.5) 0 (%0) 8 (%40)
protein
Rich in 0 (%0) 2 (%11.8) 1 (%25) 0 (%0)
carbohydrates
and protein
Rich in 1 (%4) 0 (%0) 0 (%0) 2 (%10)
carbohydrates
and vitamins
Rich in 1 (%4) 1 (%5.9) 0 (%0) 0 (%0)
carbohydrates,
protein and
vitamins
Rich in 0 (%0) 2 (%11.8) 0 (%0) 0 (%0)
vitamins
Rich in 1 (%4) 0 (%0) 0 (%0) 0 (%0)
protein and
vitamins
Rich in 0 (%0) 0 (%0) 1 (%25) 0 (%0)
carbohydrates,
protein and fat
Hours start eating 1-2 hours 18 (%72) 8 (%47.1) 2 (%50) 8 (%40) 30.027+
after competition
3-4 hours 5 (%20) 9 (%52.9) 2 (%50) 6 (%30)
Not paying 2 (%8) 0 (%0) 0 (%0) 6 (%30)
attention

Note. Correct answers are indicated in bold. Fisher Freeman Halton Test, 2Fisher’s Exact Test, 3Ki-Kare Test. *p<0.05
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Table 4 (Continued)
Branch
Swimmin Wheelchair Archer Amputee
Questions/Answers (n=25) & Basketball (n= 4)y Football P
(n=17) (n=20)
Mean+SD Mean+SD Mean+SD Mean+SD
Type of food L .
consumed after Rich in protein 13 (%52) 4(%23.5) 1 (%25) 10 (%50) 30298
training/competition Not pavi
0 paylng 0, 0 0, 0y
attention 9 (%36) 3 (%17.6) 2 (%50) 4 (%20)
Rich in
carbohydrates 2 (%8) 3 (%17.6) 0 (%0) 2 (%10)
and protein
Rich in protein = .1 2 (%118) 0 (%0) 2 (%10)
and vitamins ’
Rich in o o o o
carbohydrates 1 (%4) 2 (%11.8) 0 (%0) 1 (%5)
Rich in
carbohydrates, 0 (%0) 1 (%5.9) 1 (%25) 0 (%0)
protein and fat
Rich in
carbohydrates, o o o o
protein and 0 (%0) 1 (%5.9) 0 (%0) 0 (%0)
vitamins
Rich in o o o o
vitamins 0 (%0) 1 (%5.9) 0 (%0) 0 (%0)
Rich in fat 0 (%0) 0 (%0) 0 (%0) 1 (%5)

Note. Correct answers are indicated in bold. 1Fisher Freeman Halton Test, 2Fisher’s Exact Test, 3Ki-Kare Test. *p<0.05

While 21.2% of athletes use nutritional supplements, 78.8% do not use any product.

7.1% of athletes use supplements to build muscle, 28.6% to improve performance, and 64.3%

to improve health. 71.4% of athletes who use supplements believe that the supplements are

useful. (Not shown in the table.) The hydration status of athletes is shown in Table 5.

Table 5
Hydration Status of Athletes (n = 66)
Questions MeantSD Min-Max
Sweat score when physically active 6.7+2.3 2-10
Sweat score when not physically active 42426 1-10
Density (g/mL) 1016.946.7 1005-1030
Amount of water drink during training (mL) 892.8+539.4 180-3000
Amount of sports drink during training (mL) (n=11) 490.9430.2 400-500
n %
Paying attention to fluid intake before and after Paying atte'nt'lon %6 848
. . s Not paying
training or competition attention 10 15.2
0-500 15 22.7
Fluid intake before training or competition (mL) 501-1000 31 47.0
>1001 20 30.3
0-500 10 15.2
Fluid intake after training or competition (mL) 501-1000 34 51.5
>1001 22 33.3
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The amount of sweat excreted from the body, obtained from the Water Balance Scale,
and fluid losses through urine output and fecal output were calculated. The sweat score lost
with physical activity was 6.7 out of 10. The calculated sweat amount is 1666 ml. While the
sweat score during the period when not physically active was 4.2 out of 10, the calculated
sweat amount dropped to 501 ml. The amount of water lost through urine and feces was
calculated as 925 ml and 150 ml, respectively. As a result of the analysis of the athletes' 24-
hour food consumption records, the daily energy, nutrient intakes, and comparison with

International Society of Sports Nutrition (ISSN) Recommendations are shown in Table 6.

Table 6
Energy and Nutrient Intakes Meet ISSN Recommendations by Gender (n = 66)
Numbers Percentage of Numbers
ISSN» meeting ISSN analyzed on
Parameters Gender analyzed on . . .. p
s Recommendations recommendations non-training
training day (%) day
Energy (kcal) Female 1395.5 -b - 1302.7 10.400
Male 1579.5 - - 1487.4 10.380
Water (ml) Female 2191.5 - - 1605.4 10.139
Male 2759.6 - - 1957.9 10.566
Protein (g) Female 73.5(1.15 14-2g/bw 68 61.6 )
0.110
8/bw?)
Male 71.4(1.02 14-2g/bw 60 70.1 20,544
8/bw)
Protein (%) Female %22 - - %19 10.654
Male %19 - - %19 10.602
Fat (g) Female 66.9 - - 63.9 10.977
Male 74.1 - - 69.0 10.227
Fat (%) Female %43 %20-35 125 %44 20.373
Male %42 %20-35 117 %41 20.525
CHO¢4 (g) Female 1222 (2 8-12 g/bw 20 116.7
20.637
g/bw)
Male 153.1(2.13 8-12 g/bw 21 142.4 20164
g/bw)
CHO (%) Female %36 - - %37 20.834
Male %40 - - %39 20.554
Vitamin B12 Female 44 - - 4.6 20.940
(mcg)
Male 5.2 - - 4.8 20.708
Vitamin D Female 51 - - 21 10.785
(mcg)
Male 2.7 - - 1.8 10.554
Iron (mg) Female 9.6 18 53 8.6 10.397
Male 9.8 8 122.5 9.4 10.677
Calcium (mg) Female 749.2 1500 50 677.0 10.797
Male 766.8 1500 51 637.5 10.425
Magnesium Female 224.5 - - 207.5 10,568
(mg)
Male 251.0 - - 2245 10.960

Note. aISSN: International Society of Sports Nutrition, "No ISSN value, cbw: body weight, <CHO: Carbohydrate.
1Student t Test; 2Mann Whitney U Test

Protein intakes on training days for both genders are lower than ISSN

recommendations. Female athletes received 68% of the ISSN recommendations for protein,
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while male athletes received 60% of the protein. Fat intakes in both genders are approximately
1.2 times higher than ISSN recommendations. Carbohydrate intake on training days for both
genders is lower than ISSN recommendations. Female athletes received 20% of the ISSN
recommendations for carbohydrates, while male athletes received 21%. While the iron intake
of female athletes is 53% of the ISSN recommendations, this increases to 122.5% for male
athletes. Calcium intakes on training days for both genders are lower than ISSN
recommendations. Female athletes received 50% of the ISSN recommendations for calcium,
while male athletes received 51%. There is no statistically significant difference between men
and women regarding food consumption record data values on training days and non-training
days (p>0.05). While the athletes' PAL value was 2.3 on the training day, it was calculated as
1.5 on the non-training day. (not shown in the table) A comparison of energy, macro and micro

nutrient intakes by branches and whether it is a training day is given in Table 7.

Table 7
Comparison of Energy, Macro, and Micro Nutrient Intakes by Branches (n = 66)

Branch

Parameters Swimming (n=25) Wheelchair Basketball Archery  Amputee Football

(n=17) (n=4) (n=20)
MeantSD MeantSD MeantSD Mean+SD
Energy (kcal) Training 1611.0£566.3 1399.6£573.6 1489.3+418.1  1600.3+493.7 10.606
Not training ~ 1489.6+389.7 1400.0+616.5 1261.74502.2  1517.1¢509.6 10.747
Protein (g) Training 74.4423.1 77.4+34.8 63.5+39.9 67.8+24.8 10.652
Not training 68.3+18.7 77 4%32.0 70.943 65.4+22.0 10.507
Protein (%) Training 19.6+4.1 22.1£7.23 25.318.7 17.3+4.2 20.091
Not training 19.2+4.6 24.8+12.8 23454 18.0+4.5 20,089
Fat (g) Training 80.2436.2 60.0+27.8 71.5+21.6 68.6+25.2 10.212
Not training 74.6+22.6 59.7427.3 60.9+23.6 63.4+22.8 10.199
Fat (%) Training 432485 38.749.2 428434 41.2¢6.8 10.368
Not training 452491 41.249.4 43429 40.147.7 10.230
CHO? (g) Training 144.4+57.8 136.8+87.5 118.6+50.8 164.1464.5 20.273
Not training 132.7+60.3 128.2493.4 103.4+45.9 152.8471.5 20.275
CHO (%) Training 37.3+8.2 42.0+15.5 32474 41.847.5 20.125
Not training 35.7+10.8 39.52416.94 33.7545.5 41.9548.64 20.210
Liquids (ml) Training 2621.5+1235.5 2556.0+1512.4 3084+1168.6 2287.24572.2 20.650
Not training ~ 2053.5+838.9 1649.8+1306.0 1934.5£717 1664.7£739.9 20.156
Vitamin D (mcg)  Training 5.047.5 23£1.9 1.5£1.0 1.7£1.3 20.425
Not training 1.841.2 2441.6 1.51.0 1.5+1.4 20.262
Iron (mg) Training 9.943.1 9.243.2 11.043.9 9.843.0 10.768
Not training 8.743.0 9.643.4 9.9+4.4 9.53.5 10.752
Vitamin B12 (ncg) Training 5.942.9 43424 5.8+2.3 4528 10.193
Not training 5.042.2 49426 5.8+2.3 41423 10.479
Ca (mg) Training 826.4+421.2 686262.3 706.1£172.7 762.24373.8 10.652
Not training 690.3+294.8 625.8+299.4 657.9+184.7 620.8+302.2 10.852
Mg (mg) Training 253.9483.8 222 .8476.7 249.1+64.4 253.8+63.5 10,555
Not training 221.6+70.8 216.6+68.8 222.9+83.4 233.6+87.6 10.918

Note. 'Oneway Anova Test, 2Kruskal Wallis Test, 3CHO: Carbonhydrate
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DISCUSSION

Body Composition

Paralympic athletes differ from healthy athletes by having various
diseases/ disabilities, the auxiliary equipment (crutches, wheelchairs, etc.), the muscle groups
used in the sport, and the prolongation of muscle glycogen regeneration (recovery) time. This
study aimed to determine the nutritional status, hydration status, and some anthropometric
measurements of professional-level disabled athletes affiliated with the Physically Disabled
Sports Federation and to evaluate the results obtained. When BMI was calculated by adjusting
for limb losses using the Amputees Coalition calculator, it was found to be inconsistent for
lean and muscular lower limb amputees, and the ratio of the body segments is different from
Osterkamp (Frost et al., 2017; Osterkamp, 1995). While BMI underestimates body weight in
individuals with unilateral amputations, it overestimates it in individuals with bilateral
amputations due to low height (Meyer & Edwards, 2014). In this study, the BMI of the athletes
was calculated at 23.9+4.1. Since the number of athletes with unilateral limb deficiency was
high and the number of athletes with bilateral amputation was low in the study, the average
BMI may have been underestimated.

In athletes with disabilities, 23.5-32 ccn MUAC is classified as usual, MUAC >32 cm is
classified as overweight (Bhurosy & Jeewon, 2013). In this study, the participants' MUAC
value found was 30.3£6.4 cm, and according to classification, the athletes were normal.
Wheelchair basketball athletes had higher MUAC values than swimming and amputee soccer
athletes. This may occur when these athletes perform exercises such as pull-ups to increase
arm muscle strength. It is known that although stroke length does not change with age, it is
closely related to height (Yarasir et al., 2011). The results of the study support this relationship
between height and stroke range. Swimming athletes had a lower stroke range than
wheelchair basketballers.

While 27.3% of the athletes did not pay attention to the food consumed before training
or competition, 28.8% consumed carbohydrate-rich foods, and 25.8% consumed protein-rich
foods. In the literature, 300-400 grams of carbohydrate intake (ACSM, 2016) or 1-2 g/kg/day
carbohydrate intake (Kreider et al., 2010) approximately 3-4 hours before
training/competition is recommended for healthy athletes. While no protein-rich foods are
consumed before training or competition at the archers, this rate is 40% in amputee footballers.
It was observed that the athletes' level of knowledge about how to eat before training or

competition was low.
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The rate of paying attention to nutrition in amputee footballers (95%) was higher than
the swimmers (68 %) and archers (25%). There is no statistically significant difference between
other branches in terms of paying attention to nutrition. It can be thought that football is more
prominent in the Turkish sports culture, and athletes are more careful about their nutrition to

meet the expectations of the public and maintain their success.

Energy and Macronutrients

Wheelchair athletes have reduced muscle mass and sympathetic nervous system
compared to healthy athletes. Therefore, they are expected to have lower energy requirements
(Price, 2010). In this study, training day energy intakes by branch were 1399.6+573.6 kcal for
wheelchair basketball and 1489.3+418.1 kcal for archery. Compared to other studies in the
literature, the energy intake of wheelchair basketball athletes in this study was found to be
low 4284 kcal (Bescos-Garcia & Rodriguez-Guisado, 2011), 2497+362 kcal (Ferro et al., 2017),
2060 kcal (Goosey-Tolfrey & Crosland, 2010). Egger and Flueck (2020) found that the energy
intake of female wheelchair athletes was 1377+337 kcal/day. Therefore, they suggested that
wheelchair athletes and possibly other para-athletes may be at risk for low energy availability.
In this study, the daily energy intake of men on training day (1577.6+£549.8 kcal) was higher
than that of women (1447.1+492.5 kcal). On a non-training day, the energy intake of men was
1491.3+£523.6 kcal, and that of women was 1366.3+374.3 kcal, and the energy intake of men was
higher than that of women. The findings suggest that female athletes are in a more risky
position regarding low energy availability as in the literature.

The mean energy intake of the athletes on training day was 1545.9+535.7 kcal, and the
non-training day was 1461.0£491.8 kcal. Energy intake on the training day was found to be
higher compared to the non-training day, but it was lower than the literature (Madden et al.,
2017: 2092 kcal; Penggalih et al., 2019: 1627 kcal; Sasaki & Da-Costa, 2021: 2128 kcal). In the
literature, energy expenditure of 1500-2900 kcal/day was higher (3990.9+£1247.7 kcal) than all
other studies involving wheelchair athletes (Eskici & Ersoy, 2016, Grams et al., 2016;
Innocencio da Silva Gomes et al., 2006). However, it should be interpreted by considering the
calculation errors that may occur if the energy expenditure of Paralympic athletes is calculated
from formulas. Shaw et al. (2021) compared the energy intake of disabled athletes before (male
2819 kcal, female 2034 kcal) and during (male 2878 kcal, female 1760 kcal) the COVID-19
pandemic. When the data taken during the COVID-19 pandemic were compared with the
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research findings, the energy intake of the athletes in this study (male 1579 kcal, female 1395.5
kcal) was lower than the literature.

An optimal carbohydrate intake maintains body weight, replenishes glycogen stores,
repairs muscle tissue through protein synthesis, and provides fat, essential fatty acids, and fat-
soluble vitamins (Kreider et al., 2010; Rodriguez et al., 2009; Thomas et al., 2016). Inadequate
carbohydrate intake decreases oxygen transport and concentration, resulting in negative
effects such as muscle cramps, fatigue, and an increased risk of injury (Skolnik & Chernus,
2010). In this study, carbohydrate intake on training day in all branches was found to be higher
than on non-training day but lower than in the literature (Shaw et al., 2021: men: 387 g, women:
247 g men; Madden et al., 2017: 252 g, women: 209 g). A higher carbohydrate intake on the
training day may positively affect the replenishment of muscle glycogen stores and recovery
time. The carbohydrate intake of men on training day (152.6+71.3 g) was higher than that of
women (128.9+54.6 g). When the training day carbohydrate intake data obtained from food
consumption records were compared with the ISSN recommendations, men met 21% of the
recommendations, while this rate decreased to 20% in women.

Standardization of nutrient recommendations for athletes with physical disabilities is
difficult as the athlete's nutritional needs vary depending on their disability. Carbohydrate
recommendations for healthy athletes suggest that nutrient intake should be based on body
weight and is typically recommended between 3-12 g/kg/day depending on exercise type,
volume, etc. (Burke et al., 2011). In the study, the carbohydrate intake of women (2 g/kg/ day)
was lower than that of men (2.1 g/kg/day). Carbohydrate intake in both genders was lower
than the recommendations for healthy athletes.

Protein intake is important to produce enzymes and hormones, repair damaged tissue
and compensate for protein breakdown due to increased protein catabolism during exercise
(Knuiman et al., 2018). Inboth genders, protein intake on the non-training day (man: 69.6+24.6
g, women: 66.8+25.5 g) was lower than on the training day (man: 70.9+25.4 g, women: 81.5+35.1
g) and protein intakes in both genders were lower than the literature (man: 121 g, women: 81.7
g Madden et al., 2017; man: 136 g, woman: 86 g Shaw et al., 2021). When training day protein
intake from food consumption records is compared with ISSN recommendations, men meet
60% of the recommended level, while women meet 68%. Protein recommendations for healthy
athletes range from 1.2-2.0 g/kg/day depending on the type, duration, and intensity of
physical activity (Thomas et al., 2016). In the present study, the protein intake of women (1.2
g/kg/day) was higher than that of men (1 g/kg/day). Protein intake in both genders was
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lower than the recommendations for healthy athletes. When the data taken from Shaw et al.
during the COVID-19 pandemic were compared with the research findings, the protein intake
of the athletes in this study (man 71.4 g, woman 73.5 g) was lower than the literature (man 136
g, women 86 g, Shaw et al., 2021).

Dietary fats are important for health and athletics as they provide the body with
energy, aid in the absorption of fat-soluble vitamins, and are a component of cell membranes
(Thomas et al.,2016). Fat recommendations for healthy athletes are that 20-35% of daily energy
intake and less than 10% should come from saturated fats (IOM, 2017; Thomas et al., 2016). In
this study, the daily energy coming from fats was 42%, which is above the recommendations
for healthy athletes. Men’s fat intake was higher on the training day (71.9+31.13 g) than on the
non-training day (65.6£25.1 g), while it was the opposite for women (67.9+£30.5 g on training
day, 69.3+22.2 g on non-training day). When the results of the study were compared with the
literature, it was found that men's fat intake was lower than the literature while women's fat
intake was higher than the literature (Men: 75.7 g women: 57.4 g Madden et al., 2017). When
training day fat intake from food consumption records is compared with ISSN
recommendations, men meet 117% of the recommended, while women meet 125%. When the
data taken from Shaw et al. during the COVID-19 pandemic were compared with the research
findings, men’s fat intake (71.9 g) was lower than the literature, while women’s fat intake (67.9
g) remained higher than the literature (man 89 g, women 52 g, Shaw et al., 2021). Lower fat
intake was found in the literature than in the study results (51g, Penggalih et al., 2019).
According to the ISSN, 10-20% of the daily energy requirement of healthy athletes should
come from proteins, 20-35% from fats and 45-60% from carbohydrates (Kreider et al., 2010). In
the study, 19% of the daily energy requirement on the non-training day came from proteins,

43% from fats, and 38% from carbohydrates.

Micronutrients

Iron indirectly plays a role in antioxidant activity and oxidative metabolism (Sasaki &
Da-costa, 2021). Iron intake of men on training day (9.7+3.2 mg) was lower than that of women
(9.94£3.0 mg). Iron intake of men and women on the training day was higher compared to the
non-training day. When the training day iron intake obtained from food consumption records
was compared with the ISSN recommendations, men met 122.5% of the recommended rate,
while the rate decreased to 53% in women. When the data taken from Shaw et al. during the

COVID-19 pandemic were compared with the research findings, the iron intake of the athletes
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(man 9.4 mg, women 8.6 mg) in this study was low (Shaw et al., 2021: man 28 mg, women 18
mg). Athletes have lower iron intakes than other studies in the literature (Eskici & Ersoy, 2016:
15.7 £ 4.2 mg; Krempien & Barr, 2011: man: 14.5 + 4.2 mg, women: 15.2 + 7.1 mg). Iron
deficiency can increase anemia, which can cause weakness, fatigue, poor concentration, and
limit physical performance (Longo & Camaschella, 2015; Rowland, 2012). In this study,
women were more prone to anemia than men. Female athletes have a higher risk of iron
deficiency than men due to losses from menstruation and lower energy intake (Parnell et al.,
2015; Sasaki & Da-costa, 2021; Sandstrom et al., 2012).

Vitamin D deficiency can decrease neuromuscular function (Flueck & Perret, 2017).
Furthermore, individuals with spinal cord injuries are at increased risk for sublesional
osteoporosis, characterized by excessive bone resorption and reduced bone formation
(Doubelt et al., 2015). The vitamin D intake of men on training day (2.8+4.4 mcg) was lower
than that of women (4.2+6.6 mcg). Although men's and women's vitamin D intakes on training
day were higher than on non-training day, they are lower than in the literature (Madden et al.,
2017; Shaw et al., 2021). Similar to the study results, women had lower intakes of vitamin B12,
vitamin D, and iron compared to men in the literature (Shaw et al., 2021).

Vitamin D deficiency causes a decrease in calcium (Ca) absorption (Rakicioglu, 2008).
Disabled athletes are at higher risk of stress fractures when they train intensely and experience
loss of bone mineral density (Blauvet et al., 2017). On the training day, the calcium intake of
men (770.0£379.8 mg) was higher than that of women (743.2+287.4 mg). When the training day
Ca intake obtained from food consumption records is compared with the ISSN
recommendations, men meet 51% of the recommended rate, while the rate decreases to 50%
in women. When the data taken from Shaw et al. (2021) during the COVID-19 pandemic were
compared with the research findings, the Ca intake of the athletes in this study (man 749.2 mg,
women 766.8 mg) was lower than the literattire (man 1447 mg, women 1081 mg, Shaw et al.,
2021). Increasing dietary Ca intake may not replace the deficiency, as 30-40% of dietary
calcium can be absorbed (Rakicioglu, 2008; Sasaki & Da-costa, 2021). Low levels of
micronutrients involved in bone health, such as calcium, magnesium, and vitamin D, may
negatively affect wheelchair athletes susceptible to osteoporosis (Calvo & Tucker, 2013;
Miyahara et al., 2008). It is important to note that these values only come from dietary sources,
and supplement use can improve them.

Pre-exercise dehydration and vigorous post-exercise fluid replacement are vital to

ensuring timely recovery (Jepson et al., 2012). In the study, 84.8% of the athletes paid attention
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to fluid intake before/after training or competition. It was observed that the participants
generally had 500-1000 ml of fluid intake before and after training. While 51.5% of them used
bottles, 48.5% used glasses. In amputee athletes, the skin surface area is reduced to dissipate
the heat released due to limb deficiency. Additional heat may be released by contact of the
prosthesis or prosthetic liners with the skin surface (Andrews et al., 2016). Such conditions are
important to ensure proper hydration for the athlete (Shirreffs & Sawka 2011).

Skinfold thickness measurement is a simple and easy tool that can be used to determine
body fat. BIA and LCD measurements can be used interchangeably (Kaner et al., 2015). Since
the disability status of the athletes made it difficult to determine their body composition by
BIA, body fat was determined in the study by taking skinfold thickness measurements.
Innocencio da Silva Gomes et al. (2006) used the equation of Jackson and Pollock (1978) by
taking skinfold thickness measurements from three different regions for body fat percentage
determination. In the present study, for the determination of body fat percentage, skinfold
thickness measurements were taken from four different regions. Body fat weight and fat
percentage were determined by Jackson and Pollock (1978) and Siri (1961) equations. Since
Jackson and Pollock (1978) did not develop this formula based on a sample of amputated
athletes, it is questionable whether the equation is appropriate for this population (Meyer &
Edwards, 2014).

There are no published MET values for people with disabilities that can estimate
energy expenditure during daily activities and exercise. There are also no guidelines that can
be used to adapt the MET values of healthy individuals to an athlete with an amputation,
significantly lower body amputations (Ainsworth et al.,, 2011). There is no gold standard
method for determining energy expenditure in Paralympic athletes. Due to the COVID-19
pandemic during the study period, we could not reach a sufficient number of athletes for

profiling in the wheelchair basketball branch.

Limitations

The findings of this study should be interpreted with caution because of several
limitations. First, the participants were young soccer players with amateur backgrounds.
Therefore, the findings may not be generalizable to other age groups, skill levels, and
competitive contexts. Second, the study only used psychological and technical responses in 2-
a-side and 4-a-side game formats. These results may not fully represent the effects of

physiological and kinematic parameters. Third, this study only assessed immediate responses
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during and shortly after game sessions. However, the long-term implications of these

observed differences have not yet been explored.

CONCLUSION

As aresult, it was determined that the energy, carbohydrate, vitamin B12, Ca, Mg, and
fluid intakes of Paralympic athletes in swimming, archery, amputee football, and wheelchair
basketball branches were below the recommended levels, while daily protein, fat, and vitamin
D intakes were above the recommended levels. It was found that dietary iron intake was above
the recommended intake in men and below the recommended intake in women. In the study,
it was determined that the rate of attention paid to the eating time of athletes was low. The
hydration status of the athletes was found to be inadequate in all conditions of genderand

branch, as well as in the presence or absence of training,.

PRACTICAL IMPLICATIONS

In this study, it was observed that the hydration status of the athletes was inadequate
in all conditions, such as gender, branch, and training. This result suggests that all coaches
should be careful with athletes' hydration monitoring. Special modules should be created for
coaches and athletes on nutrition, hydration, and supplement use, considering the special
needs of paralympic athletes. These findings suggest that female athletes can prevent iron
deficiency if they monitor regularly. Future research should identify barriers to good nutrition
in athletes and determine how they relate to their body composition and daily energy intake
and expenditure. Considering the disabilities and special needs of Paralympic athletes, a
guideline should be established. For disabled athletes participating in sports, professional
sports nutrition counseling should be applied by a dietitian specializing in the effect of

nutrition on performance and the importance of fluid intake.
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ABSTRACT
Keywords Being overweight can influence the occurrence of pronated feet (PF). This
Ground reaction force,
Overweight, research aimed to assess the interaction effect of overweight and PF
Pronated feet
along with sex on the frequency content of ground reaction forces
Receiﬁ;%ﬁcﬁ;?bz 3 (GRFs). 104 young male and female adults were allocated to four groups:
Alzz;f:;é%;gsfggi normal body-mass-index/normal feet, normal body-mass-index/PF,
Available Orline 28 August2024 excessive weight/normal feet, and excessive weight/PF. Subjects ran at
constant speed over the walkway while an embedded force plate was
located at the midpoint of the walkway. GRFs were recorded during 20
running trials. Findings demonstrated the significant main effect of “sex”
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harmonic in the vertical direction. Overall, our results showed sex, body
mass index, and foot type could possibly affect GRF frequency content
while running. The paired-wise comparison demonstrated lower Ne in
the vertical direction in the females than in the males. The paired-wise
comparison demonstrated the greatest Ne in the vertical direction in the
normal weight/normal foot group than the of other groups. These
findings could be used for designing rehabilitation protocols (e.g.,
strength training) for individuals with overweight/obesity or PF and or

both of them.
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INTRODUCTION

Obesity/overweight (OB/OW) is a risk factor for lower extremity injuries (Browning
& Kram, 2007; Powell et al., 2005). Anecdotally, most of the people who are OB/OW have
taken up running for recreation. Running exercise improves well-being, weight loss, and
cardiovascular health (Hazell et al., 2014; Lee et al., 2017). Severe OB/ OW could alter running
biomechanics and it could lead to greater rear foot motion (Ghait et al., 2020; Sarkar et al. ,
2011). Greater rear foot motion may be associated with a flat foot, loss of postural stability, and
change in the gait pattern (Ghait et al., 2020; Sarkar et al., 2011).

Pronated feet (PF) are associated with a decrease of medial longitudinal arch during
weight-bearing tasks such as running. The prevalence of foot pronation is also high in OB/ OW
adults (Wu, 2015). OB/OW walking was associated with higher rearfoot eversion. A high
association between rearfoot eversion and greater body mass index (BMI) was reported
(Wearing et al., 2006). PF is problematic in OB/OW versus healthy ones (Browning & Kram,
2007; Ghait et al., 2020). It has been reported that PF function affected the whole lower limb
kinematic chain during gait (Dodelin et al., 2020). Anterior-posterior pelvic tilt range of
motion, peak knee internal rotation, forefoot dorsiflexion range of motion, peak forefoot
abduction, and rearfoot eversion were all increased in those with PF (Dodelin et al., 2020).

Ground reaction force (GRF) is one of the kinetic variables that is useful for evaluating
running mechanics (Gottschall & Kram, 2005; Zadpoor & Nikooyan, 2011). It has been used in
a variety of experiments. High lateral GRF values could lead to over-pronation during running
or vice versa (Rodrigues et al., 2013; Willems et al., 2006).

OB/OW affects the GRF magnitudes during running (Sylvestre, 2019). Sylvestre et al.
reported greater abduction of the knee during the running in OB/OW children than healthy
ones (Sylvestre, 2019). Therefore, impact forces cause changes in the lower limb mechanics
while running (Dicharry, 2010; Dugan & Bhat, 2005; Rodrigues et al., 2013; Willems et al.,
2006). For example, greater GRF amplitude altered the peak rear-foot eversion angle, which
may lead to an increase in stress on more proximal structures (Dierks et al., 2011; Mousavi et
al., 2019; Munteanu & Barton, 2011). The GRF frequency content provides evidence for
running-related injuries (Gruber et al., 2017; Matijevich et al., 2019). Therefore, it is important
to evaluate these variables in order to find potential instruments to improve running
mechanics in individuals with both OB/ OW and PF. It was hypothesized that individuals with
both OB/OW and PF have greater ground reaction force frequency content than other groups

during running.
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METHODS

Participant

Total of 104 male and female participants were allocated into 4 groups. NN:
Participants with normal body mass (e.g., 20<BMI<25 kg/m?) and normal foot (e.g., foot
posture index between 0-6); NP: individuals with normal body mass and PF (e.g., foot posture
index >10); ON: individuals with OB/OW (e.g., 35>2BMI>25 kg/m?) with the normal foot; OP:
individuals with both OB/OW and PF (Table 1). The study protocol was affirmed by the local
ethics committee (IR.UMA.REC.1401.095 and IR.UMA.REC.093 for both females and males,
respectively), and samples were provided their written informed consent in order to

participate in the research.

Procedure
Participants were familiarized with the runway at the first. All GRFs during twenty
running trials (~ 3.2 m/s) were recorded and filtered with a 20 Hz cut-off frequency and

normalized to the subjects' body mass.

Data Collection Tools
A Bertec force plate (Bertec et al., 4060-07 Model, OH, United States) embedded at the
runway midpoint was used for data collection. The sampling rate of Bertec force plate was

1000 Hz.

Frequency content

The GRF values (Fx, Fy, Fz) were analysed. The MATLAB software used an FFT to
extract the frequency content of GRF data (Winter, 2009). The full description of the Fourier
series of GRF data can be found in other sources (Giakas & Baltzopoulos, 1997; White et al.,
2005). The frequency with a power of 99.5% (F99.5%) contains 99.5% of the power of the signal
(Eq. (1); McGrath et al., 2012).

[ P25 P(fydf =0.995x [ x P(f)df 1)

Where P is the frequency power against amplitude, Fiax is the peak frequency, and P
(f) is the power at frequency f (McGrath et al., 2012). The essential number of harmonics (Ne)
showed for 99.5% possibility of reconstruction of data (Eq. (2); Schneider & Chao, 1983). In this

equation n showed the number of harmonic; An and Bn demonstrated coefficients of Fourier.
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Data Analysis
The normal distribution of data was confirmed through the Kolmogorov-Smirnov test.
All analyses were done using MATLAB software. The group (four groups) and sex (male
versus female) effects were assessed through two-way ANOVA with repeated measures test.
Effect size values were calculated through n2 (0.01< p2< = 0.06: small); 0.06> n2<0.14 =
moderate; n2> = 0.14: high). The Alpha value was p< 0.05. All analysis were done using SPSS

23.

RESULTS

Findings showed a significant main effect of the “sex” (P<0.001; p2 = 0.217) and
“group” (P<0.001; n2 = 0.530) for the weight (Table 1). The paired-wise comparison
demonstrated greater weight in males compared with females. Moreover, paired-wise
comparison demonstrated the greatest value of the weight in overweight groups than that of
other groups (Table 1). Significant effect of “sex” (P> = 0.011; n2= 0.069 and “group” (P<0.001;
n2=0.672) and “sex by group interaction” (P = 0.005; p2= 0.129) for BMI was found (Table 1).
The paired-wise comparison demonstrated greater BMI in females compared with males.
Moreover, paired-wise comparison demonstrated the greatest value of the BMI in overweight
groups than that of other groups (Table 1). Findings demonstrated a significant effect of the
“sex” (P<0.001; n2 = 0.366) on heart rate. The paired-wise comparison demonstrated greater
heart rates in females compared with males (Table 1). Findings demonstrated a significant
main effect of the “sex” (P<0.001; n2= 0.813) and “group” (P = 0.001; n2= 0.017) for navicular
drop. The paired-wise comparison demonstrated a greater navicular drop in males compared
with females. Moreover, paired-wise comparison demonstrated the greatest value of the
navicular drop in pronated foot groups than that of other groups (Table 1).

Findings revealed a significant main effect of “group” for frequency 99.5 in the
mediolateral direction (P = 0.017; pn2= 0.104). The paired-wise comparison demonstrated the
lowest frequency of 99.5 in the mediolateral direction for the normal weight and normal foot
group and the greatest values in overweight and normal foot group. Significant effect of
“group” (P<0.001; n2= 0.190) and “sex-by-group interaction” (P<0.001; n2= 0.332) for Ne in the
mediolateral direction (Table 2). The paired-wise comparison demonstrated the greatest Ne in

the mediolateral direction for normal weight and normal foot group than that of other groups.
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Post-hoc analysis showed greater Ne in the mediolateral direction in males than in females in
the normal weight and normal foot group. However, post-hoc analysis showed greater Ne in
the mediolateral direction in females than in males in other groups.

Findings demonstrated a significant main effect of the “sex” (’<0.001; n2= 0.248) and
“group” (P = 0.027; n2=0.094) for frequency 99.5 in the anterior-posterior direction (Table 2).
The paired-wise comparison demonstrated a lower frequency of 99.5 in the anterior-posterior
directions in females compared with the males. Moreover, paired-wise comparison
demonstrated the greatest value of frequency 99.5 in the anterior-posterior directions in
overweight with normal feet group than that other groups (Table 2).

There was a significant effect of “sex” (I’<0.001; n2= 0.258) and “group” (P<0.001; n2=
0.242) and “sex” by group interaction” (P<0.001; p2= 0.202) for Ne in the anterior-posterior
direction (Table 2). The paired-wise comparison demonstrated greater Ne in the anterior-
posterior direction in the females than in the males. The paired-wise comparison
demonstrated the greatest Ne in the anterior-posterior direction for the overweight/pronated
foot group than that of other groups. Post-hoc analysis showed greater Ne in the anterior-
posterior direction in females than in males in the overweight/pronated foot group (Table 2).

Results din not demonstrate any significant difference for Fz (99.5) between groups
during running (P>0.05). Significant effect of “sex” (P<0.000; n2= 0.392) and “group” (P<0.001;
n2=0.264) and “sex by group interaction” (P<0.001; n2= 0.442) for Ne in vertical direction
(Table 2). The paired-wise comparison demonstrated lower Ne in the vertical direction in the
females than in the males. The paired-wise comparison demonstrated the greatest Ne in the
vertical direction in the normal weight/normal foot group than the of other groups. Post-hoc
analysis showed greater Ne in the vertical direction in males than in females in the
overweight/normal foot group. Post-hoc analysis showed greater Ne in the vertical direction
in males than in females in all groups except for the normal weight/normal foot group (Table

2).
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Table 1
Mean and Standard Deviation of the Demographic Characteristic

Normal weight normal foot Normal weight pronated Over weight/Obesity Over weight/Obesity
foot normal foot pronated foot
Gender by
Demographic Gender Group Group
Characteristics Sig (Eta) Sig (Eta) interactions
Sig. (Eta)
Male Female Male Female Male Female Male Female
2230271
Age (years) 24.15+£3.02 23.92+ 4.48 23.25+4.18 24.58+4.81 25.38+4.29 25.50+5.83 27.33+5.74 0.291(0.012) 0.057(0.078 0.725(0.014)
Weight (kg) 68.84 +£7.36 56.78+4.55 70.15+8.99 58.29+5.83 84.58+7.70 80.45+10.06 89.58+15.92 78.41+£12.64  0.000(0.217)*  0.000(0.530)*  0.414(0.030)
Height (cm) 179.69+5.70 161.23+6.35 178.30£5.89  163.54+5.45 179.25+5.75 161.53+5.65 175.5849.18 162.75£7.65  0.000(0.617)*  0.810(0.010) 0.401(0.031)
ifd‘l‘iy(l‘(‘;fsz) 21.301.39 21.8841.52 2203+218  21.69+1.83  2629+1.41  30.92+448  28.85#3.15  29.40#3.07  0.011(0.069)* 0.000(0.672)*  0.005(0.129)*
Harte Rate
(beat per 117.47+9.48 132.53+14.08 114.0849.61  135.87+15.98 111.53%12.57 141.56+21.16 118.96+18.12 139.67%15.40 0.000(0.366)*  0.716(0.015) 0.364(0.034)
minute)
dNrZ‘;(C;ﬁ; 6.69+1.10 5.07+1.115 12.6941.60  11.2541.13 7.00+1.53 6.531.6 12914210 12254154  0.000(0.813)* 0.001(0.017)*  0.444(0.029)

Note. *Stand for significant difference p<0.05
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Table 2

Mean and Standard Deviation of the Frequency of Three Medio-lateral (Fx), Anterior-posterior (Fy), and Vertical (Fz) Ground Reaction Force
Components During Running

Normal weight normal foot Normal weight pronated Over weight/Obesity Over weight/Obesity
foot normal foot pronated foot
Gender by
Direction Gender Group Group
(Component) Sig (Eta) Sig (Eta) interactions
Sig. (Eta)
Male Female Male Female Male Female Male Female
Fx (99.5) 15.34+4.25 20.27'+4.52 21.42+9.83  16.68 +2.81 20.70+7.13 20.4142.62 18.29+ 3.65 19.02+3.42 0.882(0.000)  0.017(0.104)*  0.314(0.128)
(Esszr’:tial) 22.69 £ 6.74 12.68+4.29 12.76+7.50 14.76+2.29 11.04+3.48 14.00+1.92 9.70+3.20 15.65+3.06 0.806(0.001)  0.000(0.190)*  0.000(0.332)*
Fy (99.5) 21.84+8.48 9.38+1.77 17.34+6.39 17.69+4.68 23.45+£5.42 17.54+2.22 20.54+9.35 12.86+£3.25  0.000(0.248)*  0027(0.094)*  0.002(0.149)
Fy(Essential) 10.03+4.81 13.24+3.29 12.38+6.33 14.30+2.02 13.54+5.97 15.92+1.38 11.95+5.42 24.324£2.91 0.000(0.258)*  0.000(0.242)*  0.000(0.202)*
Fz(99.5) 12.53+5.81 15.30+2.92 9.98+3.62 12.37+1.28 9.85+1.81 14.03+2.05 15.33+3.10 9.1243.10 0.233(0.015) 0.025(0.096) 0.000(0.292)
Fz(Essential) 20.98+4.60 25.00+1.74 23.28+3.12 15.60+1.38 2425423 15.75+2.32 21.54+3.50 15.25£3.55  0.000(0.392)*  0.000(0.264)*  0.000(0.442)*
Note. *Stand for significant difference p<0.05
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DISCUSSION

The study aimed to evaluate the interaction effect of OB/ OW and PF on GRF frequency
content during running. The finding demonstrated the lowest frequency of 99.5 in the
mediolateral direction for the normal weight and normal foot group and the greatest values
in OB/OW and normal foot group. Jafarnezhadgero et al. reported that the excessive body
weight groups with and without PF presented lower mediolateral loading rates and peak
lateral forces when compared to the non-overweight groups with and without PF
(Jafarnezhadgero et al., 2023). A previous study reported that the load values imposed on the
knee joint alter in the presence of overweight (Harding et al., 2012). Results demonstrated the
greatest Ne in the mediolateral direction for normal weight and normal foot group than that
of other groups. It is stated that frequency 99.5 and Ne in the mediolateral direction, the
frequency spectrum of GRF components that occur during stance, has a high effect on running
injury prevalence (Gruber et al., 2017). Results showed greater Ne in the medio-lateral
direction in males than that female. It has been reported that female athletes had weaker thigh
muscles (Huston & Woijtys, 1996). Moreover, our results showed greater ne in the medio-
lateral direction in females than that males in other groups. Consistent with our results,
literature reported that vertical GRFs frequency values show less variability than in both the
anterior-posterior and mediolateral directions (White et al., 1999). It has been showing that
females had larger ankle eversion, knee abduction, and internal rotation than males (Hunter
et al., 2005). Phinyomark et al. (2014) demonstrated that females show higher hip internal
rotation and adduction and greater maximum abduction of the knee than that males. Also, it
has been mentioned that the tibia internal rotation and maximum eversion during running
were greater among females (Sinclair & Taylor, 2014).

Findings demonstrated a lower frequency of 99.5 in the anterior-posterior directions in
females compared with the males. It is stated that a decrease in frequency values of anterior-
posterior GRFs component may be caused by the alteration in the gait speed (Stergiou et al.,
2002). These authors reported that walking mostly occurs in the sagittal plane, and differences
in speed are mostly reflected in the anterior-posterior GRF component (Stergiou et al., 2002).
However, in our study participants' running velocity was similar. Moreover, results
demonstrated greatest value of frequency 99.5 in the anterior-posterior directions in
overweight with normal feet group than that other groups. Jafarnezhadgero et al., reported
individuals with excessive body weight presented lower peak amplitude of braking and
propulsion forces (Jafarnezhadgero et al., 2023). However, these authors did not evaluate the

frequency content of GRF components.
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Findings demonstrated greater ne in the anterior-posterior direction in the females
than in the males. Results demonstrated the greatest ne in the anterior-posterior direction for
the overweight/pronated foot group than that of other groups. Findings showed greater ne in
the anterior-posterior direction in females than in males in the overweight/pronated foot
group. Results demonstrated the greatest ne in the vertical direction in the normal
weight/normal foot group than in the other groups. Obesity was related to a longer time of
activation in the quadriceps and gastrocnemius muscle (Amiri et al., 2015), which can result
in lower ne in the vertical direction of OB/OW groups.

Findings showed greater Ne in the vertical direction in males than in females in all
groups except for the normal weight/normal foot group. Stergiou et al. (2002) reported that
the less frequency content are associated with less vertical displacement of the center of mass
(Wurdeman et al., 2011). Frequency content of GRFs could be applied as a suitable tool for
introducing pathological running pattern in different sex (Wurdeman et al., 2011). A suitable
treatment (e.g., training) could lead to a better frequency value of the GRF data. Further
researches are needed to evaluate the use of GRF frequency values in individuals with
OB/OW or different sexes as dependent variables for rehabilitation and its application as a
screening method (Wurdeman et al., 2011).

The limitations of this study include; Firstly, the absence of kinematic data and the
relatively homogeneous age group of participants may limit the generalizability of the
findings. Secondly, all participants were young. This caution is necessary when discussing our

results because our results may not be generalized to the general population.

CONCLUSION

Overall, our results showed that sex, body mass index, and foot type could possibly
affect ground reaction force frequency content while running. These findings could be used to
design rehabilitation protocols for individuals with overweight/obesity or pronated feet or
both. These findings could be used for designing rehabilitation protocols for individuals with

overweight/obesity or pronated feet and or both of them.

Limitations
This sudy had limitatiotions that should be regarded. Firstly, we did not record
kinematics data. Secondly, we did not record electromyography data. Future studies were

needed in regard to the both kinematic and muscle activity data to better establish this issue.
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the upper body. In conclusion, these findings underscore the potential of
online fitness interventions in achieving positive health outcomes,

emphasizing the multifaceted benefits of such programs on both
perceived and measured physical well-being.
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INTRODUCTION

Physical fitness is one of the leading concepts of health and well-being at all stages of
life (Corbin et al., 2000). The components of health-related physical fitness, namely flexibility,
cardiovascular endurance, body composition, muscular strength, and endurance are
important components of overall health and associated with numerous health benefits
(Pescatello et al., 2014). Increased physical activity level is associated with improved health-
related fitness (Jaakkola et al., 2019), positive effects on blood pressure, metabolism, and body
weight (Pedersen & Saltin, 2015) mental health benefits such as reduced anxiety levels and
stress (Codella et al., 2017; Zou et al., 2022). Although the relationship between participating
in regular exercise to increase physical fitness and health is evident, the prevalence of
sedentary behavior is high among people from all age groups (Bauman et al., 2018). Sedentary
lifestyle is a global issue, and a considerable amount of people inveterately engage in various
sedentary activities such as playing video games, watching TV, and using computer for a long
time. Sedentary behavior is defined as any waking behavior, such as sitting or leanin with an
energy expenditure of 1.5 metabolic equivalent task (MET) or less (Tremblay et al., 2017). A
sedentary lifestyle is utterly related to various chronic health problems such as cardiovascular
diseases, diabetes, cancer, hypertension, obesity, depression, musculoskeletal diseases and
premature mortality (Park et al.,, 2020). Sedentary behaviors are not just associated with
negative health outcomes, but there is also consistent evidence that sedentary behavior is
associated with lower physical fitness in various age groups (Guo et al., 2022; Mateo-Orcajada
et al., 2022).

In certain contexts, individuals tend to engage in prolonged sedentary behaviors, and
these contexts are considered sedentary-promoting environments (Biddle et al., 2016).
Specifically, sedentary activities encompass activities that involve extended periods of sitting,
such as smartphone usage, computer-based work, or long hours of study. Environments that
facilitate and encourage these sedentary behaviors can be categorized as sedentary-promoting
environments. These environments may have detrimental effects on individuals within them,
including university students who are expected to be physically active based on their age
group (Guo et al., 2022; Yoo et al., 2020). Indeed, university students and office workers who
predominantly engage in sedentary behaviors, such as prolonged sitting and computer-based
work have consistently shown associations with various aspects of diminished physical fitness

(Li et al., 2022; Prieske et al., 2019; Prince et al., 2019; Yoo et al., 2020). Activities entailed with
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sitting in the classroom paradigm should be replaced with standing desk activities in the
classroom to improve cardiometabolic health of university students (Butler et al., 2018).
Therefore, sedentary behavior associated with study and work is a matter of public health
concern, given its detrimental effects on both health and physical fitness (Dewitt et al., 2019).
Although environmental factors in university campuses are generally sufficient to promote a
physically active lifestyle, work demands employees and students might mitigate the physical
activity participation and increase the time spent as sedentary (Castro et al., 2020; Deliens et
al.,, 2015; Lusa et al., 2020). To illustrate, university employees spend most of their workday
sitting (Faghy et al., 2022), and an individual may spend more than half the day sedentary on
an ordinary workday in office settings (Wahlstrom et al., 2023). Similarly, university activities
that students engaging are also highlighted as generally sedentary, with an average of 7.30
hours per day sitting (Castro et al., 2020). Hence, universities can be categorized as a key
setting where sedentary behavior is typical, and individuals in university settings engage in
high levels of sedentary time with several hours per day, which have been linked to negative
health outcomes, such as obesity, type 2 diabetes, and cardiovascular disease (Vainshelboim

et al., 2019).

METHODS

Research Design

The study employed a randomized controlled trial to assess the effectiveness of the
developed interventions on fitness components, body composition, and perceived physical
self-concept. Simple randomization was used. Time and the group variables were the
independent variables, while physical fitness components (push-ups, sit-up counts and sit and
reach distance, fat and muscle mass in the arms, legs, trunk, android, gynoid regions and total
body), and physical self-concepts (perceived health, body fat, strength, flexibility) were the
dependent variables of the study. The research was completed in 10 weeks. The pre-tests of
the study were conducted in first week, and the exercise program was completed in between
weeks two and nine. After the completion of the exercise program, the participants attended
the post-tests in the same order as in the pre-test. The review board approved this study of the
Eskisehir Technical University with Protocol No.: 63349 (06.04.2022) The study commenced in
July 2022 and concluded in October 2022.
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Participants

A priori sample size was calculated via G*Power version 3.1.9.7 for Mixed Design
ANOVA, which determined effect size 0.25, power 0.80, two groups (intervention and control)
and two measurements (pre- and post-test). The basis on which values were determined were
the recommendations of Cohen (1988) on statistical power and the manual of G*power
software for the selected design and the appropriate analysis. The sample size was calculated
to be a total of 34 participants. The inclusion criteria were determined as follows: a) working
or studying at the university; b) having no health problems that would prevent participation
in exercise; c) not being involved in another exercise/training program during the research
process; d) voluntary participation. University employees and students were invited to
participate in this study via e-mail. A total of 67 individuals replied and wanted to participate
in the study. However, the results of the Physical Activity Readiness Questionnaire (PAR-Q)
and the reported medical conditions indicated that only 49 participants were eligible for the
intervention protocol. The eligible participants were invited to the laboratory for the
implication of the data collection protocols. The study sample was randomly assigned to
intervention (n = 24) and control groups (n = 25) by using randomization software. The
randomization wasn’t blind, as all participants work or study in the same university campus.
A pretest group differences in all variables were checked by using independent sample t-tests,
and there were no group differences. Three participants from the intervention group didn’t
complete the protocol and were excluded from the post-tests and three participants in the
control group didn’t attend the post-test measurements. Finally, the study sample comprised
21 participants in the intervention group 147 (Mage = 30.90, SD = 8.04; Mweignt = 65.36, SD =
10.87; MHeight = 167.57, SD = 9.01, Mpm1 = 23.25, SD = 3.26) and 22 participants in the control
group (Mage = 26.12, SD = 7.71; Mweight = 67.54, SD = 14.34; Meight = 170.24, SD = 9.95, M1 =
23.15, SD = 3.76). The group differences were rechecked for the possible covariance variables,

however, there were still no differences in all dependent variables.

Procedures

Physical Fitness

All measurements were practiced in one day at Eskisehir Technical University
Laboratory of Kinanthropometry. The Kinanthropometry Laboratory was includes Dual
Energy X-Ray Absorptiometry (DXA), sit and reach box, stadiometer, scale, and other
measurement materials. Push-up and curl-up tests were used to evaluate endurance and

strength of the upper body. The sit-and-reach test were used to assess lower body flexibility.
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To evaluate body composition, body mass (kg), height (cm), fat percent, muscle mass, and fat
mass were measured. Before measurements, participants were informed about test
procedures. Each session was administered by the same two researchers who are experienced
in the field and are graduate students. After the body composition tests, participants followed
in randomized order to complete physical fitness tests. Testing was preceded by a standard
warm-up (five minutes of walking and five minutes of dynamic stretching). Before each
session, practitioners demonstrated the test. After participants performed the tests one time
for familiarization, the test was performed twice, and the best score was recorded by the

practitioner. Participants allowed to rest for five minutes between all tests.

Push-Up

Participants were asked to place their hands flat on the ground under their shoulders,
with a straight, slanted line on shoulders, back, and legs. While performing the test,
participants were expected to lower the torso until the elbows are in line at 90 degrees angle
with upper arms and shoulders were parallel to the ground, while the body was lifted up until
the arms are straight at the lifting part. Participants were asked to perform push-ups every
three seconds and an auditory stimulus was utilized; they were instructed to do each
repetition with, their body moving rigidly in a roughly straight line. Following the
familiarization, the participants were asked to complete as many push-ups as possible. The
test was terminated once the individuals had completed consecutive repetitions with a

restricted range of motion, and the most recent completed repetition was recorded.

Curl-Up

The participants were told to lay supine on a mat with the knees bent at a 90-degree
angle, the legs spread apart, and the arms completely extended at the sides with the middle
finger of, both hands contacting a piece of tape. The zero point was marked with the first piece
of tape, and a second piece was placed 10 cm away. A metronome was set to 20 repetition rate
per minute. In time with the metronome, the participant was directed to curl up until his
middle finger reached the second piece of tape. Following the familiarization, the participants
were asked to complete as many curl-ups as possible. Participants were required to keep the
palms of their hands and the heels of their feet are in contact with the mat, while the shoulders
and head were raised and returned to the mat, and the middle finger to the zero marker (Beck

et al., 2015). The total number of repetitions that were successfully completed was noted.
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Flexibility

A sit-and-reach box (Lafayette Instrument Company, USA) with a scale marked on the
upper sides were placed against the wall. The participants were seated barefoot, with their
legs fully extended and hip-width apart from the testing box. Participants were instructed to
slowly reach forward and slide their fingers along the scale on top of the box by placing one
hand over the other. The goal was for participants to maintain the position for about three
seconds with their knees as straight as they could (Belkhir et al., 2021). The final position that

the participant reaches were recorded to the nearest centimeter and set as the score for the test.

Body Composition

Participants’ height was measured by a stadiometer (SECA, Hamburg) with an
accuracy of 0.1 cm. In a standing still position, their arms at their sides, feet together, and toes
touch to platform. Body mass (kg) was measured barefoot by a scale (SECA, Hamburg) with
a precision of 0.1 kg. The whole-body composition (fat percentage, bone mass, muscle mass,
and fat mass) was evaluated with DXA using a scanner (Lunar Prodigy Pro; GE, Healthcare,
Madison, WI, USA). Prior to the measurements, the scanner's calibration was completed in
accordance with the manufacturer's standard operating procedures. Before the scanning
procedure, participants were requested to take off any metal from their bodies. Afterwards,
participants were then instructed to lay down on the DXA mat. The participant’s back was
aligned with, the mat’s center line, and both arms are placed to the side of the body. Height
and weight pieces of information were entered into their form on the DXA software.
Participants' knees and ankles were tied with a hook and pile strap to serve as a standard.
Once participants were properly place, and the scanning process was started. Participants

were instructed to keep still throughout the entire scanning procedure.

Physical Self-Concept

Turkish version of the Physical Self-Description Questionnaire was used to collect
physical self-perception data. The 7-Likert type data collection tool was found valid and
reliable among Turkish adults (Marsh et al., 2002). The inventory consists of 11 subdimensions
and 70 items. However, only 27 items representing perceived body fat, flexibility, strength,
and health subdimensions were used in this study. The higher scores obtained in the
subdimensions represent higher physical self-perception. To illustrate, obtaining a higher

score in body fat subdimension reflects perceived lower-level adipose tissue. The internal
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consistency values were found 0.845 for body fat, 0.790 for strength, 0.887 for flexibility, and
0.876 for the health subdimensions.

Exercise Protocol

The physical fitness intervention lasted for eight weeks, three days a week, and 20-35
minutes a day as recommended by ACSM (Garber et al., 2011). The exercise program has been
designed according to the progressive overload method (See in appendix). Therefore, the
volume of the exercise program increased as the weeks progressed. Exercise videos were
uploaded to YouTube on mondays, wednesdays, and fridays and send to participants via a
message group to follow the program. The attendance of the participants in the program was
followed up regularly through the message group. The videos have undergone some
adjustments to be more entertaining and support participation. The videos featured the
experts' explanations of the movements for each exercise. Also, there were images of the
movements from different angles, information about the exercise time, and the music in the
background. The equipment that the participants should use in the training sessions was
selected from the materials available at home (eg., use of water bottles instead of weight
dumbbells). The exercises have been replaced with difficult versions in the following every
two weeks of the program within progressive overload exercise. The exercise sessions are
divided into three parts: warm-up (2-4 min. average), main part (14-19 min. average), cool-
down (3-5 min. average). The warm-up includes movements to increase the heart rate and
warm-up the muscles to be worked on for that session. While the central part covered the
whole-body exercises in the first weeks, and regional exercises were applied in the following
weeks. The main part of the exercise program also included rest breaks when the participants
were asked to move and stretch. Flexibility and stretching exercises are included in the cool-

down sessions.

Data Analysis

The independent samples t-test was used to analyze the pre-test group comparison,
and the results didn’t indicate any significant differences in independent variables between
experimental and control groups. Data were analyzed with the 2x2 (Time x Group) Mixed
Design Analyses of Variance (Mixed ANOVA) for each independent variable. The normality
of the independent variables were checked by using Shapiro-Wilk’s test, and the results
indicated that only muscle mass in legs distributed non-normally in the posttest for the control

group, and muscle mass in arms non-normally in the pre-test for the experimental group. For
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those non-normal distribution, the histograms, ratios between standard errors and actual
skewness and kurtosis statistics and coefficient of variation were examined (Hayran &
Hayran, 2020). As the data had a fairly skewed distribution, the skewness and kurtosis data
were in the normally accepted range (Kline, 2011), and the coefficient of variation was less
than 30 (Hayran & Hayran, 2020), the muscle mass in the legsgs, and muscle mass in arms
were accepted as normally distributed. The analyses were carried out with Mixed ANOVA.
The Levene’s test confirmed the assumptions of homogeneity of variances for all independent
variables (p>0.05). The partial eta squared effect sizes were also reported for the magnitude of

the detected effects. All analyzes were conducted with originally assigned groups.

RESULTS

A participants' flow diagram, illustrating the number of individuals who were
randomly assigned, and those who dropped out are depicted in Figure 1. The 2-way
Mixed ANOVA results indicated a significant interaction between time and intervention on
push-up performance [F (1,41) = 5.877, p = 0.20, n2 = 0.125], sit and reach performance with
right leg [F(1,41) = 25.586, p = 0.000, n2 = 0.384], and left leg [F(1,41) = 247.679, p =0.000, n2 =
0.386] for fitness test components. The simple main effect of time on push-ups performance [F
(1,41) = 15.555, p = 0.00, n2 = 0.275], sit-up performance [F(1,41) = 11.260, p = 0.02, n2 = 0.215],
and sit and reach performance with a left leg [F(1,41) = 4.939, p = 0.032, n2 = 0.108] was also
found and shown in Table 1.

Table 1
Descriptive Statistics and Mixed ANOVA Results for Fitness Components

Time Group Time x Group
. Pre-test x Post-test x
Variables Group (SD) (SD)
F p F p F p
Exp 4.61 (4.88) 9.00 (2.30)
Push-ups 15.555 0.000 0.076 0.784 5.877 0.020
Con 5.77 (6.13) 6.81 (2.38)
Exp 8.09 (8.52) 12.19 (9.96)
Sit-ups 11.260 0.002 0.000 0.990 0.094 0.761
Con 8.40 (6.91) 11.81 (8.42)
s Exp 20.83 (9.43)  25.35(9.28)
He’r‘i‘bl‘llt“y' 1474 0232 0.032 0.858 25.586 0.000
& Con 24.04 (6.29)  21.27 (7.92)
I Exp 2145 (9.12)  26.33 (9.71)
Fle"l‘:’f‘tl‘ty' 4939 0.032 0.854 0361 25781 0.000
Con 22.56 (6.36)  20.65 (9.23)
Note. Exp: Experiment, Con: Control; F: Mixed ANOVA
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Figure 1
Flow Diagram
Total number of screening conducted = 740
> Declined to participate = 673
A
Assessed for Eligibiyt (n= 67)
Excluded
+ | Meet the exclusion criteria either causc of
\ “ | medical conditions ot participating another
excrcise program (n= 18)
Consented / Randomized in study (n=49)
Intervention Group Control Group
(n=24) (n=25)
Exclueded
—
v v Didn't complete the protocol (n= 3)
Didn't attend to the post-test measurements
(n=3)
Intervention Group Control Group
(n=21) (n=22)

The mixed ANOVA results also indicated significant interaction between time
and intervention on total fat mass [F(1,41) = 7.349, p = 0.010, r]2 = 0.152], fat mas in arms
[F(1,41) =7.310, p = 0.010, n2 = 0.151], in legs [F(1,41) = 7.340, p = 0.010, n2 = 0.152], in trunk
[F(1,41) = 5.199, p = 0.28, n2 = 0.113], in gynoid region [F(1,41) = 5.560, p = 0.23, n2 = 0.119]

for the body composition variables shown in Table 2.
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Table 2
Descriptive Statistics and Mixed ANOVA Results for Body Composition Components
. Pre-testx  Post-test x Time Group Time x Group
Variables Group (SD) (SD)
F p F P F p
Tt PP me e
otal Fat . .
Mo o Sss.1 20523 05 2.940 0.094 0004 0947 7349 0010
(6582.56) (5771.52)
FaMassin BP w79 esso
a ass 1in . .
Lege e T 2762 0104 0025 0876 7340 0010
Con (2245.29) (2367.41)
Fat Mass i Exp (ﬁgzlaéi) (ﬁgggg)
a ass 1n . .|
A 515097 513027 0118 0733 0457 0503 0581 0.450
Con (1604.78) (1623.92)
FatMassin PP gmow  emsny
at Mass in . .
Trumg 076013 050 09 2147 0151 0.003 0958 5199 0028
Con (3908.12) (3949.20)
Exp 1470.09 1400.19
Fat Mass in (699.14) (651.42)
Android 1417.95 1428.81 0212 0.648 0.003 0956 0397 0532
Con (770.22) (756.13)
Exp 4016.47 3864.66
Fat Mass in (1240.95) (1248.71)
Gynoid 3799.63 3872.68 0682 0414 0076 0784 5560 0023
Con (1203.62) (1313.34)
Ex 44148.28 44788.76
Total P (8506.59) (8973.18)
Muscle 46835.13 46815.59 2.005 0.164 0.622 0.435 2.265 0.140
Con (10611.12) (10877.78)
Ex 14838.66 15067.90
Muscle in p (3206.03) (3257.52)
Legs 16115.22 16216.72 2.402 0.129 1.174 0.285 0.358 0.553
Con (4054.56) (4085.39)
Exp 4801.19 4854,00
Muscle in (1428.64) (1460.09)
Arms Con 5152.27 5132.27 0.118 0.733 0.457 0.503 0.581 0.450
(1606. 78) (1623.92)
Exp 21016.80 21382.47
Muscle in (4030.69) (4392.82)
Trunk Con 22072.59 21883.77 0353 0556 0303 0585 3467 0070
(4969.24) (5124.58)
Exp 3080.23 3053.28
Muscle in (709.19) (729.69)
Android 3109.36 3092.81 0.487 0489 0021 088 0.028 0.868
Con (847.23) (852.11)
Ex 6923.61 6993.47
Muscle in P (1453.20) (1617.95)
Gynoid 732131 7336.77 0745 0393 0447 0507  0.303 0.585
Con (2029.34) (2086.23)

Note. Grp: Group; Exp: Experiment; Con: Control; F: Mixed ANOVA

Finally, a significant interaction between time and intervention on physical self-
concept was found in body fat perception [F(1,41) = 6.999, p = 0.012, 2 = 0.146], and significant
main effect of time on flexibility perception [F(1,41) = 5.556, p = 0.023, n2 = 0.119]. The physical

self-perception components shown in Table 3.
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Table 3

Descriptive Statistics and Mixed ANOVA Results for Physical Self-perception Components

Variables Group Pr?;t]gs)t X Pos(ts-]ts)st X _ Time _ Group T;me x Group

P P p
Body fat izi ﬁ:ﬁi; i:jy:ﬁ:* s )#!.!, )#)E'- ),$f (#§$$ )#)'!'!
T G e R R
Flexibility i);i ;?‘iﬁ zzi;#,) )#,i, )#‘V!o"! '-#(!!% )#!'!') %#i%%( )#)!!+
Health i:)i J:Z(),&f(,:l(!* :’_z;:‘x:* )#..!’.. )#(E+ )#),!! )#-{( )#.‘i/o! )#0/!0)%

Note. Exp: Experiment; Con: Control; F: Mixed ANOVA
DISCUSSION

The purpose of this research was to examine the effect of online exercise programs on
the physical fitness and physical self-perception in university employees and students. The
online exercise program was delivered to the participants weekly via online platform.
Although the health benefits of regular exercise participation were well-established (Pedersen
and Saltin 2015; Zou et al. 2022), individuals, especially those working at universities, and
students sit for most of the day and exhibit sedentary behaviors (Castro et al., 2020). Online
exercise programs recommended to be an option to improve physical fitness (Jaakkola et al.,
2019; Pedersen & Saltin, 2015). Therefore, within the scope of the research, it was planned to
promote exercise participation by providing an online exercise program for university
employees and students. Online exercise program basically designed according to the
progressive overload method and consists of exercises lasting an average of 25 minutes to
develop physical fitness components. As a result, improvements were determined in all
physical fitness components (upper-body strength, flexibility and body composition) except
abdominal strength and endurance. It was also found that the perception of body fat percent,
one of the sub-dimensions of physical self-perception, decreased compared to the control
group. However, there was no significant difference in strength and health sub-dimensions of
physical self-perception.

The findings of the study indicated that there was a significant improvement in upper
body strength of both groups, but the differences were insignificant. However, the flexibility
on both sides were significantly different in favor of the experimental group. The research
findings show some similarities with the studies in the literature. In a study conducted a home-

based online resistance exercise program was used for middle-aged individuals for eight
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weeks, two days a week, 60 minutes a day. It was determined that the participants improved
in the upper body strength and endurance tests after the resistance exercise program,
including nine movements but did not show improvement in terms of flexibility (Kikuchi et
al., 2023). A possible explanation for this situation is that the exercise program in the research
consists of resistance training (Kikuchi et al. 2023). In this study, especially the use of pilates
exercises may have contributed to improving flexibility. The effect of an online exercise
program performed one day a week for 60 minutes on physical fitness components such as
upper body strength and flexibility were examined in the elderly individuals. The findings of
the research showed that improvement was found in upper body strength and flexibility of
the participants, similar to this study (Aksay, 2021). The effects of home-based online
resistance exercises and walking intervention performed two days a week for 24 weeks on
physical fitness components such as strength, power, and aerobic function in individuals with
severe obesity were investigated. According to the results of the study, home-based online
resistance exercises improved strength in severely obese individuals (Orange et al., 2020).
Research findings similarly show that online exercise done at home or in a different
environment significantly affects physical fitness.

While variations exist among the exercise programs featured in the studies; it is
noteworthy that there is a consistent improvement in upper body strength and flexibility
following the interventions. Considering the key factors (time, cost, transportation, and lack
of facilities) affecting participation in regular physical activity, it is important an online
exercise intervention can apply at home, easily accessible and less costly. Also, online exercise
programs have started to be used more intensively especially after COVID-19 restrictions.
Therefore, online exercise program has an important place for the development of physical
fitness components. Body composition is another essential component of physical fitness.
Body composition plays a crucial role in assessing obesity, which stands as one of the foremost
health challenges in both Turkey and globally today (Lopez-Jimenez et al., 2022; Turkish
Ministry of Health 2019). This study also assessed the impact of an online exercise program on
body composition. While the 8-week online exercise program resulted in only a modest
increase in fat-free mass demonstrated a notable reduction in total fat mass. According to the
results total fat mass of the intervention group decreased in legs, trunk, and gynoid region and
total fat mass, but not in arms and android region. Moreover, these decreases were
significantly different from the control group. Similar to our findings, a study in which pilates

exercises were performed for eight weeks, three days a week and 60 minutes a day for
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participants consisting of students and staff at the university, found that the body fat of the
participants decreased (Rogers & Gibson, 2009). As the protocol implemented in our study
was including the variety of Pilates exercises, it may be concluded that consistent pilates
participation might be effective in decreasing fat mass over an eight-week period. There were
also resistance-type exercises in this study. According to the results of another study using
resistance exercises, the body fat of the participants decreased, but no significant difference
was found in body mass and BMI values (Zavanela et al., 2012). Also, Colakoglu was found
that 12 weeks of calisthenic exercises had no effect on the body fat of sedentary women
(Colakoglu, 2008). Main reasons for the differences between studies may be that aerobic
exercises were not included in the studies (Colakoglu, 2008; Zavanela et al. 2012). In this
research, the exercises were designed to include some aerobic exercises with progressive
overload intensity. Both aerobic exercises and strength exercises were included in the study
may have been effective on the decrease of the total fat mass results. Although the time, group,
and interaction differences were insignificant, muscle mass in all measured regions was
increased in the intervention group. Similarly, an increase in the muscle mass of
overweight/obese individuals were determined after an eight-week Pilates program (Rayes
etal., 2019). In Colakoglu's (2008) study, no increase in muscle mass was found after a 12-week
program of callisthenic exercises. The reason participants did not gain significant muscle mass
can be associated with the fact that no exercise materials were provided to the participants.
Therefore, the participants completed the exercises with their body weights and home
equipment. Another possible explanation may be the weights used by the participants may
not be optimal enough to increase muscle mass. In future studies, it can be regulated and
participants can work with weights suitable for them. In addition, since the primary purpose
of the online exercise program was designed within the scope of the research was not to
increase the muscle mass of the participants; no structuring was made for this in the program.
Overall, we may conclude that the implemented eight-week protocol was more effective in
terms of decreasing the fat mass, while its effect on the muscle mass increase was limited.
Moreover, the insignificant differences between groups in fat and muscle mass changes in the
arms and trunk can be associated with the insignificant differences in push-up and sit-up tests.
As the implemented program did not significantly differ the muscle or fat mass in these

regions of the body, participants performed similarly regardless of which group they were in.
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CONCLUSION

In conclusion, it was determined that online exercise had positive effects on physical
fitness components (upper-body strength, flexibility, and body composition) and physical self-
perception. The findings of this study revealed that the pattern of change in the actual fitness
and physical self-perception was similar to each other. During the eight-week intervention
period, the intervention group experienced a reduction in adipose tissue across nearly all body
regions, this might be leading to an improved perception of body fat. To put it more succinctly,
participants reported a reduced perception of body fat after completing the eight-week
exercise program, aligning with the findings from DXA measurements. Similar to many
research results, the eight-week exercise program did not contribute positively to the physical
self- perception of the participants (Asc1, 2003; Kim & Ahn, 2021; Zhang et al., 2022). However,
the findings of these previous studies and the current research show differences between the
sub- dimensions of self-perception. The main reason for this situation is the differences in
exercise programs. For example, in the exercise program design applied in this study, the
inclusion of activities that will train the cardiovascular system more actively may have
resulted in a more developed body fat perception. Secondly, perceiving less fat might be
attributed to their heightened awareness and vigilance about the exercise program. In
progressive overload exercises, the volume of the exercise is gradually increased by making
some changes on the frequency, duration or intensity of the exercise program. Thus, it can be
said that the participants had difficulties during the program in the last period of the research,
and this could have fostered the positive evolution of their physical self-perceptions as they

coped with the increased level of difficulty.

PRACTICAL IMPLICATIONS

The study's findings underscore the significance of online exercise methods as valuable
alternatives for enhancing various fitness aspects and fostering positive self-perceptions of
physical fitness. Notably, exercise approaches tailored to participants' proficiency levels,
incorporating progressive overload, prove effective in enhancing physical fitness.
Consequently, implementing online exercise programs in settings characterized by prevalent
sedentary lifestyles, such as universities and similar environments, hold the potential to
promote the adoption of healthier lifestyle habits. Another notable advantage is that the

exercise program utilizes a minimal set of readily available household items (e.g., substituting
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a water bottle for dumbbells or using a sofa for elevation). Overall, the online program
eliminates the necessity for access to a gym or an extra trainer, offering participants the

benefits of convenience, time efficiency, and cost savings.

Limitations

This study has certain limitations. Notably, a portion of the participants discontinued
the exercise program, potentially influenced by the initial lack of motivation, especially
considering their sedentary background. Therefore, future studies could benefit from
incorporating motivational support to enhance participant engagement and further improve
physical self-perception. Additionally, it is essential to note that the online video-based
exercise programs lacked individualized prescriptions. Last but not least, the blinding
protocols were as a suggestion for future research, the conditions under which this study was
conducted were not conducive to the implementation of any blinding protocol, and one of the
possible consequences of this situation is that the group of exercise participants may have been
extra motivated by the needs of the group they were in. Incorporating personalized exercise
prescriptions within online home-based programs could should be considered to address this

limitation.
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8-Week Online Intervention Trial on Fitness

Yildizer et al

Appendix A

Exercise Program of Progressive Overload Method

1. Session

2. Session

3. Session

Week

Week

Week

Week

Week

Week

Week

Week

Total Time: 21. Warm Up: 2 Min,, Leg: 2
Min., Back: 1 Min., Core Exercise: 5.5 Min.,
Rest: 5.5 Min., Cool Down: 5 Min.

Total Time: 21.5. Warm Up: 2 Min,, Leg: 4
Min., Arm: 1 Min., Core Exercise: 3 Min.,
Chest: 30 Sec., Shoulder: 1 Min., Rest: 5
Min., Cool Down: 5 Min.

Total Time: 24. Warm Up: 2 Min., Leg: 5
Min., Core Exercise: 6 Min., Rest: 6 Min.,
Cool Down: 5 Min.

Total Time: 23. Warm Up: 3.5 Min., Leg: 4.5
Min., Arm: 6 Min., Rest: 6 Min., Cool
Down: 3 Min.

Total Time: 25. Warm Up: 3.5 Min., Leg: 6.5
Min., Arm: 6.5 Min., Rest: 5.5 Min., Cool
Down: 3 Min.

Total Time: 25. Warm Up: 3.5 Min,, Leg: 6
Min., Arm: 7 Min., Rest: 5.5 Min., Cool
Down: 3 Min.

Total Time: 24.5. Warm Up: 3.5 Min,, Leg: 6
Min., Arm: 7 Min., Rest: 5.5 Min., Cool
Down: 3 Min.

Total Time: 25.5. Warm Up: 4 Min., Leg: 7.5
Min., Arm: 6.5 Min., Rest: 4.5 Min., Cool

Total Time: 20.5. Warm Up: 2.5 Min., Leg: 2.5
Min., Arm: 1.5 Min., Shoulder: 1.5 Min., Core
Exercise: 2 Min., Chest: 30 Sec. Rest: 5 Min.,
Cool Down: 5 Min.

Total Time: 22. Warm Up: 2 Min., Leg: 2 Min.,
Core Exercise: 6 Min., Chest: 1 Min., Rest: 6
Min., Cool Down: 5 Min.

Total Time: 23.5 Warm Up: 2 Min., Arm: 6
Min., Back: 3 Min., Core: 1 Min., Rest: 5.5
Min., Cool Down: 5 Min.

Total Time: 22. Warm Up: 3.5 Min., Back: 3.5
Min., Core Exercise: 6.5 Min., Rest: 5.5 Min.,
Cool Down: 3 Min.

Total Time: 23. Warm Up: 3.5 Min., Back: 4.5
Min., Core Exercise: 6.5 Min., Rest: 5.5 Min.,
Cool Down: 3 Min.

Total Time: 23.5. Warm Up: 3.5 Min., Back: 4
Min., Core Exercise: 7.5 Min., Rest: 5.5 Min.,
Cool Down: 3 Min.

Total Time: 25. Warm Up: 3.5 Min., Back: 4.5
Min., Core Exercise: 8.5 Min., Rest: 5.5 Min.,
Cool Down: 3 Min.

Total Time: 26.5. Warm Up: 4.5 Min., Back:
4.5 Min., Core Exercise: 9 Min., Rest: 5.5 Min.,

Total Time: 20.5. Warm Up: 1.5 Min.,
Leg: 4.5 Min., Core Exercise: 4 Min.,
Chest: 30 Sec., Rest: 5 Min., Cool
Down: 5 Min.

Total Time: 22.5. Warm Up: 2 Min.,
Leg: 4 Min., Chest: 1 Min., Core
Exercise: 4 Min., Rest: 5.5 Min., Cool
Down: 5 Min.

Total Time: 21.5 Warm Up: 2 Min.,
Shoulder: 4.5 Min., Chest: 4 Min.,
Core Exercise: 30 Sec., Rest: 5.5 Min.,
Cool Down: 5 Min.

Total Time: 23.5. Warm Up: 3.5 Min.,
Chest: 5 Min., Shoulder: 5.5 Min.,
Rest: 6.5 Min., Cool Down: 3 Min.
Total Time: 21.5. Warm Up: 3.5 Min.,
Chest: 4 Min., Shoulder: 6 Min., Rest:
5 Min., Cool Down: 3 Min.
Total Time: 24.5. Warm Up: 3.5 Min.,
Chest: 6 Min., Shoulder: 6.5 Min.,
Rest: 5.5 Min., Cool Down: 3 Min.
Total Time: 25.5. Warm Up: 3 Min.,
Chest: 8 Min., Shoulder: 6 Min., Rest:
5.5 Min., Cool Down: 3 Min.
Total Time: 25.5. Warm Up: 3 Min,,
Chest: 7 Min., Shoulder: 7.5 Min.,

347



8-Week Online Intervention Trial on Fitness

Yildizer et al.

Appendix A (Continued)
Warm Up Leg Arm Core Back Shoulder Chest
Twist Up/Twist Bridge One Single Arm Triceps Single Straight Double-Arm Push-up plank Pullover on the
Up With Jumping Leg Hold Kickback Leg Stretch Dumbbell Rows with shoulder tap floor
Arm Bent-Knee Fire Bent Over Triceps Double Plank with Lateral External-Internal Wide Hands
C.lrcle/ J o8&IMe Hydrants Kickbacks Straight Leg Arm Raise Rotation Push Up
With Arm Circle . . Stretch .
Bridge One Lying Overhead . Elevated Plank Row Inchworm hand Spiderman Push
Lunge Tap/Lunge Mountain
Tap With Jumping Leg Raise Triceps Extension climbers walkout Up
Sumo Squat Dip Plie Squat Calf Isolated Single Single Leg Renegade Row Raise and pull- Diamond Push
Shoulder Raises Arm Curl Stretch apart Up
Butt Kicks Calf Raise Zottman Curl Bicycle Crunch Kettlebell Swings Shoulder Press Dumbbell Press
Jog in place Squat Hold W Curl Frog Crunch Shrug Prone Y’s and T’s Chaturanga Hold
Twist Jumping Squat Cross body Curl . Dumbbell Cardriver Chatu?anga
. . Chest LiftPlank . . Active
March in place Lunge Concentration Curl High Pull Lateral shoulderrise
. . Tuck up Shuffle Push Up
Scissors Step Side Lunge Hammer Curl Arnold Press .
Incline Push Up
Lateral/Front Hop Glute bridge Biceps Curl Hollow Hold . Decline Push Up
March in place Bridge toe Triceps Extensions Hundred Front ShoulderRise Burpee
twist touch
Overhead Reach Quad hip Plank Triceps Side plank Push Up
High knee extension Kickback Blcelps Scissors Russian Dolphin Push Up
Cross body toe Squat ReverseCur Twist Dumbbell Fly
Sumo Squat Triceps Dips
touch
Cross Jacks Side Leg Flutter Kick
Raises
Squat Cross Arms Reverse Lunge Navasana
Jumping Jack Superman
ping Bird Dog
Crunch
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JAA=*0*5/*1 431 0*>[)*,?] *3* 21 041 0)*] 054:6*-7*E! 20.66?E! >00.0<-*?E! 1>6<*?E! >5-1 C*)>1.4,?!

H[SHFWHG IURP WHDFKHUV QLiUPDQ 7KH IDFW WKDW WHDFK

6*>,5.57!>5-10,>.5.57!>/0.1.0.?12)4:210)* . A=4,0>5/*14310*>/)* 1*33./>/81.514,-* 1041 >/) *1*!

WKH JRDOV VHW LQ WKH ILHOG RI HGXFDWLRQ g]J+O HW DO
Q5!=>,>66*6!:.0)1S>5-<,>h?1?24/.>6!6*> 5.5710)*4,8E!h>?64:b?1).*,>,/)8143!5**-210)*4, 8E!

DQG +HU]JEHUJ-V;UBRAPEN DWRER)*,?!:)413**61=,43*2?.45>668!/4A=*0*50!>7!

>1,*2<60143134664:.5710%/)54647./>6! -*1*64=A*50?! *6>0*-| 041 0)*.,|=,43*22.45! 3**61 /453.-*5/*E]

HSHHQ'

g4=/)> | >5-I N67*,! "#$K$&! 34<5-1 0)>0! 0*/)546478! =6>8?! > /,</.>6! ,46*1 .5 =47.0.1*68!

536<*5/.5710)*12*63:33./>/81431541./10%>/)*, ?' 1K<, 7>6.8*1>1*01 >6'I "#$#F&! *=4,0%-12.75.3./>50!
FRUUHODWLRQV EHWZHHQ HGXFDWRUV WHFKQROGBULFQ® %D RFIxF |
"HEHHE 34<5-1>1 Ad-* >0%! >5-13>14,>C6* 4<0/4A* :)*51* >A5.5710)* /4, *6>0.45! C*0:+*5

*.</>04,7b! .534,A>0.45! >5-1 JAAA<5./>0.45! 0%/)546478! [4A=*0*5/.*?! >5-1 YAC! 2>0.23>/0.45']
@457*W<*5068E! .0! />5! C*! .53*, *-10)>0! *5)>5/*-| =* 245>6! 534 A>0.45! SH4AA<5./>0.45!
0*/)546478120.6621>A4571*-</>04,?1/4, ¥?=45-1:.0)1.5/,*>?*-16*1*621431Y4C12>0.?3>/0.45'

g>60>5! "#$#$&! 20>0*- 0)>0! YAC! 2>0.23>/0.45! .5/,*>7*-1 >?1 0)*! 6*1*6! 43! =,43*72.45>6!
JAA=*0¥5/*1 431 2+/45-> 81*-<[>0.451 0*>/)* 21 5/ *>7*-EI 5.1 (4)>5  1*0!>6' "#$##8&! 20>0%-10)>0!
=*.>T47 />61*33./>/81*A* 7T*-'IN?10)* 6*1*61431=*->747./>61*33./>/8! 5/ *>?*?E10)* 6*1*6!43! YAC!
2>0.23>/0.4514310%>/)*,21>6241 5/, *>2*2'1g6>22*51>5-| @).<I"#$K$&!34<5-10)>010*>/)* 2!:.0)!).7)!
=,43*22.45>61%_=*0.2*1)>1*1).7)1 YAC! %:?3>/0.45'| @>=,> >E! S>,C>,>5*66.E! S4,7475.E! >5-| DO*/>!
"HSSF&IB4<5-1>12.75.3./>50!,*6>0.457?).=1C*0:**512+633./>/81>5-1Y 4C1?2>0.73>/0 U5’

DO<-.*?! .5-./>0% 0)>0! .50*7,>0.57! 0*/)546478! .504! 0)*! /6>?7?,44A! *5)>5/*?! 6*>,5 57!
4<0/4A*?1>5-1=47.0.1+68! A=>/0?2D*>/)* | Y4C12>0.23>/0.45!>5-1*33./>/8!"R**IdIR AE#$#$&' ()*!
6.0%,>0<,*I*5/4A=>27*71 *?*> [)] 51*70.7>0.571=)87./>6!*-</>0.45! .520,</04,?b! Y4C! 2>0.23>/0.45!
6*1%6?! >5-1 =,43*22.45>6! [AA=*0*5/*] D.A.6>,68E! 20<-.*?! )>1* *1*>6*1 0)* 536<*5/ 43
0*/)5464781<06.f>0.45!451Y4C1?>0.73>/0.45'1U4:*1* EI0)*1/<, *50120<-81-*>671:.0)!0)*I*33*/0143!
0)*13,*W<*5/8143134664:.57!0%/)54647./>6! -*1*64=A*50?! >5-1 5541>0.45?! *6>0*-1041=)8?./>6!
*.<[>0.45! "2</)l >?21 5*:1 A>0*, >67! >5-1 5%:1 A*0)4-4647./>6! >== 4>)*?&! >5-1 =,43%27.4556 |
JAA=*0*5/*1451YACI?2>0.23>/0.45'1().210.5-1431,*2*> /)1:>?1540134<5-1 510)*! *6>0*-16.0*,>0<, *1Q0!
210)4<7)010)>0! .0! .2! *22+50.>61 0)>0! 0)*! .5/,*>? 57! <?*I 431 0*/)546478! .7 *>6.f*1 516.5% :.0)!
>[>-*A [1=<,=47%21")./)1:.661/450,.C<0*10410)*-*1*64=A*50143  10)*I3.%6-&'1Q5!0).?!/450* OEI0)*!
)8=40)*?*214310)*1 *2*> [)I> *I7 1+51C*64:| |
| 1

' FG|
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UK'1()*,*1.?21>1=4?.0.1*,*6>0.457).=1C*0:**5!0)*!3,*W<*5/8143!34664:.57!0*/)54647 ./>6!
-*1*64=A*507?!>5-1Y4C!?>0.?73>/0.45'

U#'194664:.57! 0*/)54647./>6! -*1*64=A*50?! >5-1 = 43*??.45>6/4A=*0*5/*! 3,*W<*5068!
)>?1>1=47.0.1*1*33*/0145!0)*'Y4C!?>0.73>/0.45!6*1*67!431=)8?./>6!*-</>0.4510*%/)*?'

Q5!6.5*1:.0)!10)*)8=40)*?.?1A*50.45*-I>C41*E!0)*1?70<-8b?!=<,=4?*:>?104!-*0* A.5*10)*!
=,*-./0.1*1*33*/0!43!0*/)546478!34664;<=I>5-1=,43*?7.45>6!/4A=*0*5/*14510)*'Y4C!?>0.?3>/0.45!
6*1*6?143!=)87./>6!*-</>0.45!0*>/)*?!

VFCQTUS !

"+6101/" §

(O*1,%¥2%> )17, 4<=1/457.20*-1431#KZ1=)87./>61%-</>0.4510%>/)*, 21> T*-IC*0: 5 1##1>5.-]
G$!"I>7*1] 1%$  * 'GF&' ()*! /451%5.#5/* 2>A=6.57! A*0)4-1 :>?1 <?*-I 51 0)* 20<-8'1 Q510 ).?!
2>A=6.57108=*EI0)*! *?*> /)* 1-*0* A.5*?10)*1?2>A=6*1C8!/)447?.571>A45710)*I A420!>//*??.C6*!
SDUWLFLSDQW VESKER 1] IR, 4<=1:>212%6+/0*-1>A4571=)87./>6!*-</>0.45!
0*>/)*2!>/0.1*681:4,0.57!.51=<C6./1>5-1=,.1>0%12/)446?!>0! =, A>,81>5-! 2%/45-> 81*-</>0.45!
6*1*61.51D>0>,8>1=,41.5/*!

1++0":$+ |

().?120<-81.21>1-%2/, =0.1*120<-81*_>A.5.5710)*1=,*-./0.1*1*33*/014310*/)546478!34664: ;
<=I>5-I=,43%??.45>6|/4A=*0*5/*14510)*1Y 4C1?>0.23>/0.451431=)82./>61*-</>0.4510>/)* 2'1Q01.?1>6 24!
>SFRUUHODWLRQDO VWXG\ H[SORULQJ WKH FRUUBSKAZLRQ EHWZ!
2%/45-1>5-10). -1 *2*> [)* 21/450>/0%-10)*=>,0./.=>507?!3>/*10413>/*1>5-1)>-10)* 7/>6+?1 3.66*-!
4<0')().?120<-8!:>?134<5-1%0)./>668! >==,4=,.>0*:.0)|0)*1-*/.2.45143! D>G,8>!j5.1*,2.08!43!
N==6.*1 D/.*5/*? 120)./?! @4AA.00**'! N--.0.45>668E! 0)*! 20<-8! :>?! /45-</0*-! :.0).5! 0)*!
3,>A*:4,014310)*=,.5/.=6*?14310)*I\*/6>,>0.45!431U*6?.50.!

5"6"(@*&&'061*,(?*{&2

(*1 *2%> )% 2% =G> 5%-10410)*1=)87./>6!*-</>0.45!0*>/)*,21)4:10413.66! .5!0)*1 2/>6*7!
<?%1 51 0)* 20<-8' ()*1 =,4/*??1 431 >==68.57! 0)*! 2/>6*?! 5! 0)*| 20<-8! 0440! >==,4 .A>0*68! L!
A.5<0*?'11

I42% "&(A,*+H"6 1%, (B -+

Q5! 0)*! 20<-8E! 0)*! >7*E! 7*5-* E! >5-1 2/)446! 08 43! 0)* => 0./.=>507! "0%>/)* ,2&! :* *!
/466*/0*-11.>10)*1=* 245>6! 534, A>0.45!34,A'| S*? -*?E10)*! 5-*=*5-*501 1> . >C6*143!0)*1 20<-8E!
ZKLFK LV PHQWLRQHG DV ; X8 FIK®D RKRI VWO RZDV XVHG LQ WKL
| I

| Fz¢
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)4:1430%510)*1=)87./>61*-</>0.45! 0*>/)* ?134664:10)*10%/)54647./>61-*1*64=A*50?! *6>0*-104!

WKHLU ILHOGVY ,Q WKH IRUP SK\VLFDO HGXFDWLRQ WHDFKHUV Z
RIWHQ GR \RX IROORZ WKH WHFKQRORJLFDO GHYHORSPHQWY UHC
> **OElK WLPHV D ZHHN HYHU\ GD\ 7KH WHFKQRORJLFDO GH
0%/)54647./>610*>/).571A*0)4-?!.5/6<-.571- 20>5/*I*-</>0.45EI5*1A>0*, >6?1<?*-1. 51=)87?./>6!
*.<[>0,45E15%:1%-</>0.45>61>== 4>/)*?'] |

2"07'+2(.'&-®--10"08(.0"&((

Q5! 0)*! 20<-8E! [(*>)*,?! D*63233./>/8! D/>6*! :>?1 <?*-1 51 4,-*1 041 -*0* A.5* 0)*]
=* [¥=0.4571431=,43%72.45>61 [AA=*0*5/*1 6*16?1 431 =)872./>61*-</>0.45! 0%>/)*, 7'l ()1 2/>6*! :>?!
*1%64=*-1C8ID/):>f*,  1*0!>6' DQG DGDSWHG LQWR 7XUNLVK E\ *OHEL
(<,0.2)134,A14310)*12/>6*!/45?.202143IM!.0*A?1>5-145*1- A*5? 45'1Q0. 2L=18650!R. O, (D8=*17/>6*
>5-1.0?1,>0.571,>57*?13, 4A1[Kk4010,<*1>01>66[!04! [B0>66810,<*['|()*1).7)*?012/4,*10)>0!/>5!C*!
4C0>.5*-13,4A10)*12/>6* 21 FGE!>5-10)*164:%2012/4,*1.2IM'L()* 1> *I541 *1* 2%:2/4 %1 0*A?1 5!
0)*12/>6%'1U.7)12/4,*214C0> 5*-13, 4A10)*12/>6*1.5-./>0*10)>010)*16*1*61431=* /*=0.45!4310*>/) 57!
=,43*22.45>61/4A=*0%5/*1.21).7)'|()*1.50* 5>61/452.20*5/81/4*33./.*5014310)*12/>6*.21'ZG'1Q5!0).?!
20<-8E!@,45C>/)b?!>6=)>1,%6.>C.6.08B4+850!34,10).212/>6*. 21HM']

)*D(."612-"061*,(.0"&
(41>22%2210)*IY4C1?2>0.73>/0.45161+6214310)*I=)87./>61*-</>0.45!0*>/)* 2! 510)*120<-8E!10)*!
2)4,011*,2.45! 4310)*| B4C! D>0.73>/0.45! D/>6*E!:)./)1 :>?! -*1*64=*-1 C8 B<-7*0! >8"KMMH&! :>?!
XVHG 7KH VFDOH ZDV DGDSWHG LQWR 7XUNLVK E\ .HVHU DQG g
=4.501R.0* D8=*12/>6*1U.7)12/4,*2.5-./>0%1).7)1YAC!?>0.73>/0.45' )*| @,45C>/)IN6=)>11>6<*!
4310)*12/>6*1. 2E1Z#1Q510)*1/<, *50120<-8E10). 21 1>6<*: 30K A 5+-1>21H# |

5"6"(>,"&8212

U.*>,/)./>61,%7 *27.451>5>687.71:>?1-4551041-*0% A.5*10)*I1>,.>C6*?1=,*-./0.5710)*Y 4C!
250.23>/0.45!6*1*671 431 =)87./>6! *-</>0.45! 0*>/)*,2' (J*1 =4:* 1 431 0)* 2>A=6*1 04! *= *?*501 0)*
<5.1%,2*1:>21/>6/<6>0%-1:.0)I0)*lc  ;+4:%IF'KI= 47, >A'+4:* 1>5568?.21)>?154  OIC**5!34<5-1.5!
20<-.*212.A.6>,1041 0)*1 /<, *50! 20<-8! .51 0)*1 *6*1>50! 6.0* >0<,* ()* *34,*E! 5! 0)*! 20<-8E! 0)*!
Ad-* >0* :6%1%6! 1>6<*! 431 $'KLE! 45*1 431 0)*! *33*/0! 2.1 */AAA*5-*-1 C8! @4)*5! "KMHH&E! :>?!
1457 -* *-134,10)*,*7 *27.451>5>687?.2'194,1=4:* 1>5>68?.?E!50 HIIHFW VL]H A HUURL
N//4,-.5710410)*! *2<B60?EI0)*IA.5. A<AI?>A=62.F41:.0)1=4:* 'K ; A ZDV FDOFXODWH{
SITKKM'INI2>A=6*>C41%10).215<ACH,1:>?] *>/)*-I"#KZ&! 510)*120<-81/45?.-* .571?.0<>0.457!

! I
' Fzt
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2</)1>?1A.22.571->0>1>5-1.5/4, */0 13.66.57'IN//4,-.5768E!.510)*13.,20120*=E! 7*5-* |:>?! 5/6<-*|
510)*IA4-*61>71>1/450,4611>,.>C6*1Q510)*17+/45-120*=E10)*I3, "\W<*5/8143134664:.5710*/)54647./>6!
*1*64=A*50?] *6>0%-1 041 0)*.,! 3.*6-2E! >5-1 .51 0)*! 0).,-1 20*=! =,43*2?.45>6! [AA=*0*5/*! :>?
5/6<-*-1 .510)* A4-*6'1 Q5! 0)*1 20<-8E! > W<*?20.45! :.0)! 34<,! >52:* 21 :>?1 34, A*-1 >C4<0! 0)*!
3,*W<*5/81 43! =)872./>6! *-</>0.45! 0*>/)*,?1 34664:.57! 0%)54647./>6! -*1*64=A*50?"l ().?!
W<*20.45EL)./)1:>2151/>0%74, />611>, >CE*El:>?10,>5234,A*-1.5041>1/450.5<4<?11>, >C6*.5ID+HDD
>?1 >1\<AAB! 1>, >C6* C*34,*1 *7 *22.45! >5>682.2'l Q5! *7,¥2?.45] >5>682.2E! +=*5-*50! >5.]
5+=+54501 1> >C6*?! A<?0! C* /450.5<4<?] 1>,>C6*?' U4:*1* E! 0)*1 *33%/0! 431 24A*
-.21450.5<4<?! 5+=*5+501 1>, >C6*?! 45! 0)*! *=*5-*501 1>, >C6* 5+*-21 04! C*1* >A 5+-'| Q5!
4,-*1041-410).2E1>15%:1>,0.3./.>611>,.>C6*/>66*-1>?1>1-<AABI1>,.>C6*1:>?1/ *>0*-EL:)./)1:>?!

= 4-</*-1>?145* A 5<?10)*| 5<AC*,14316*1*6?!C8I*_/6<-.57145%14310)*16*1%6?14310)*1/6>7?.3 %I
YDULDEOH LQ WKH DQDO\VLV dHOHQ L, Q>608K b5l UHJUHV
A<60./466.5*>,.0814310)*1->0>!:* *1* >A 5*1"(>C>/)5./01d!9.-*66E!#$$Z2&1Q5!0).?! -.,*/0.45E!.0!
:>P14C 2%, 1*-1:)*0)*,10)*, *1 1% ¥14<06.* ?1.510)*1->0>E!>5-10)*1 20*:5*271>5-10<,04?.?1 1>6<*?!
BI>661* = *27.4571:* * 510)*, >5 7143 # E"EAm#!"c*4, 7*HIh>66* SEIHSKS&'!

'FS5OWCS5!

()*13.5-.57214310)*! *?%> ))>1*= *2*50%-IC*64:'  IN//4,-.57104] (>C6*IKE!0)*!
20<-81/45?.20?1431GLI3*A>6*1=> 0450?!>7*-IC*O: S I >5-1LH"%SME  GF&!>5-IKL#
A>6*1=>0/=DQWYV DJHG EHWZHHQ MGEE@!>7* A*>5l>1* >7*143!>66!
=>,0./.=>50?!:>?1%$' M#

C$L/(-8!
\*?/,.=0.1*! D0>0.?0./?1434,0./.=>50?DI7*In >,.>C6*P
H( -
0$*#"+"6$&H) &
V'&X VSYX -C 5#DX-U(EX
JAs/( - Gl #H L FH'Z% GFG
VS/( - KL# #A G$ %K'HL ZMG
Co#$/ #KZ #H G$ %% Mt Z'GF

N//4,-57! 04! (>C6*! #E! .0! :>?! 34<5-1 0)>0! 0)*! =>,0./.=>50?b! =,43*?7.45>6!
[4A=*0*5/*1 2[4 *?] :* *] C*0:**5! KK! >5-1 #L! "A*>5 1] ! “ HG&E! >5-1 0)*.,! YAC!
?>0.?73>/0.451?/4,*?1:* *IC*0:**5IM!>5-IFG!"A*>5]] | “ M$&'

' iz
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CSL/(-; -
\*?/,.=0.1* 1D0>0.?0./9%6>0*-104+,43*??.45>68 A=*0*5/*|>5-1 BICD>0.?3>/0.4814,*? !
Z$*"$L/() - &- V"&X- VY X ;-C 5#DX-U(EX
0*%G ()" %&$/-1%16(#(&+¢ #KZ KK #L HEKG FHG
4%L-5%#")GS+#-%& #KZ M FG FSKK %S

N//4,-.5710410)*(>C6*IFE!>1=47.0.1*!?.75.3./>50!,%6>0.457).=1:>?134<5-1C*0:**5|
3,*W<*5/814310*/)5464781346645=1>5-1= 43*7?.45>6l/4A=*0*5/*"="$'SLE!]] I'#$C&B:
Y4C12>0.23>/0.45!"="$'$] EHF$&'

CS$L/(-=!

V*?<6043! @4,,6>0.45!N5>687.?! S*0:**5! 9, *W<*5/8! 43! (*/)5464 78! 94664 j=E! +,43*??.45>6!
@4A=*0*5/*EP5-1B4C!D>0.?73>/0.45

Z$*'$L/() - A%L-5$#" GS+#:%6& 0*06G())"%&S$/-1%16(#(&+(
*_ ' d . q
J*([2(&+1-%G- 6. f;';i ! ﬁ$$$(z !
H#(+,&%61%HI-GY%// 96 - o iy Dy

00=""$K

Q5!0)*3.,20120*=14310)*1).* > /)./>6! *7,*22.45!>5>687.2E!.01:>71-*0* A.5*-10)>0! 7*5-* E!
3)./):>715/6<-*-1>2151/450,46!1>,.>C6*.510)*1>556872. 7E!-.-15401)>1*>17.75.3./>50/450,.C<0.45!
510).21A4-*6!"=p$'$L&19, *W<*5/814310%/)546478134664<=EL)./)l:>?1.5/6<  -*-1510)*1>5>682.7!
510)*12%/45-120*=E = *- [0*-1 YAC! 2>0.23>/0.45! 2.75.3./>5068E! >5-1.0?1/450,.C<0.45! 041 0)* A4-*6!
SPILK (%2151 2.75.3./>501 =42.0.1%! *6>0.457?).=! C*0:**51 0)*! 3, *W<*5/8! 43! 34664:.57!
WHFKQRORJLFDO GHYHORSP H QWHALED-GAGLM Q6D BINSEDFBWARQ A
0)*10).,-120*=E10)*1/450,.C<0.45!431=,43*22.45>6|/4A=*0*5/*1041Y 4C1?>0.23>/0.45!.212.75.3./>50!>5-!

* =6>.571 KG'F! 43! YAC! 2>0.23>/0.45'1 ()**1 .21 >! 2.75.3./>50! =4?.0.1*! *6>0.457?).=! C*0:**5!
=,43%72.45>61/4A=*0*5/*>5-1YAC1?>0.23>/014F] 1$'%KEI="$'SIL&'

C$L/(-B
V*7,¥22.45! V*?<60?! V*7>,-57! 9 *W<*5/8! 43! (*)546478! 94664:;j=! >5-! +,43*??.45>6!
@4A=*0*5/*!+*- /0.57'BAC!D>0.73>/0.45

V%D(/-8- E # 6-
\(&D(* - '$ZR ;K$GG "#HH
' ] -AXAN=7-.D_2)#(D-4] -AXAA87-BB=>7-6--AXA8
"#$%&!"! E # 6-
\(&D(* - ;"$H% T KHGK "HEM
J*([2(&+I-%G-#(+,&%/%HI- "#F% FL#% '$$Kb
G%l//%R6 -
1AX ;B9Z.D_2)#(D-';-]JAXA987-J]>X@A"7-6-a-AXA8
"#$%&!(! E # 6-
\(&D(* - '$GL ;K$ZH "HH#
J*([2(&+1-%G-#(+,&%/%HI- 'K%Z #FHG '$KHb
G%//%R6 -
0*%G())"%&$/-+%16(#(&+( '%KL GZ#Z '$EKO

' ]-AB"BID 2)#(D-;-] -AX;8B74-AX9b7-6-a-AXA8
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URS5!O55RTS -

(*13.5-.57214310)*120<-81>.A.57104! *1*>610)*1= *- /0.1*1*33%/014310%/)546478! 34664
<=1>5-1=,43%2?.45>6!/4A=*0*5/*451Y 4C12>0.23>/0.851621431=)87?./>61*-</>0.4510%>/)* 21)>1*!
C*5! -.2/<?7*-1 C*64:' | N//4,-57! 041 0)*1 3.5-.57?! 431 0)*! 20<-8E! 0)*! .5/,*>7*1 .51 =)82./>6!
*.<[>0.45! 0%>/)*,?b! 6*1*6! 43! 34664:.57! 0%/)54647./>6! -*1*64=A*50?! *6>0*-1 04! 0)*.,! 3.%6-!
= *-./0?10)*.,1Y4C1?>0.23>/0.45!.547.0.1*!>5-12.75.3./>501:>8']

Q5!=>,>66*6!:.0)10)*34<,0)1 20>7*1431h>?64:0?!).* > /)81 431 5+*-210)*4,8E! 0)*! 0*>/)*, ?!
)41 3+%6] = 43*2?.45>668! [4A=*0*50! >?! >! *?<60! 43! 34664:.57! 0)*1 0%/)54647 ./>6! -*1*64=A*50?!
*6>0*-10410)*.,I=,43%27.451:* *134<5-10413*61A4, *12>0.23>/0.451.510)*.,1Y AG¥60>5E H$4H)>5!
*01>6'EI#$H##&'1Q0!.21=427.C6*10412>810)>010)*8!* ).C.0!C*)>1.4,212</)!>?10>0.57! *?=457.C.6.08!>5-1
5401>14.-.57!,*2=457.C.6.08!"@)*,,.57045EIKMMK&'IN?1>IA>00%, 14313>/0E!.01.215401=4?7.C6*1041?>810)>0!
>66!07)*,2134664:10%/)54647./>61-*1*64=A*507?!.510)*12>A* :>8'IN0!0).?!=4.50E!.0!/>5! C*1?>.-|
0)>010*>/)*,?1:)415**-104134664:10%/)5464781)>1* A4, *10*/)54647./>610*5-*5/ *2'1Q01)>?I C**5!
/45/6<-*-10)>01:.0)1.5/,%>2.57/4A=*0*5/*EI0)*IY 4C1?>0.73>/0.4514310%>/)*, 21 JAIA**010).?15%*!
>67241.5/ >+

D.A.6>,68E!.51U* fC* 7b?!A40.1>0.487.5*10)*4,8E!A40.1>0.45>610%5-*5/.*21"2<//*??E!
>== 41>6E!:4,0!.07*63E! ,*?=45?.C.6.08E! >5-1=,47,*22&!1 431 0*>/)* 21 )41 641* 0)*.,| YACE!)>1*154!
* =%/0>0.45!43] *:> -E1>5-1>00>/)! A=4,0>5/ *1041 5-.1.-<>6! -*1*64=A*50! > *I -4A 5>50'| Q5!
40)*,! :4,-?E1 .01 :>?1 *1*>6*-1 0)>0! 0)* Y4C! 2>0.23>/0.45! 6¥1+6?! 43! 0*>/)*,?! :)42*! .50,.52./!
A40.1>0.45! .5/ ¥>2*-1>6741 5/ *>2*_I"DA* *Old1+*0* 245EI#$$Z&'

(O*1/<,,*50120<-81.5-./>0*-10)>01 YAC! 2>0.23>/0.45! 616 B4=)82./>61*-</>0.45!0*>/)*, ?!
)41 >/0.1*68! *57>7*1 :.0)! 0%/)54647./>6! -*1*64=A*50?! .5! 0)*.,! =,43*2?.45>6! -4A>.5?! >624!
* =% *5[x|>5| 5/ *>2+%1Q5140)* 1:4,-?E10)*8! 36 Ad,*1Y4C12>0.73>/0.45!34,10**= 571<=!:.0)!
0)*16>0%2010%/)54647./>6!>-1>5/*?1.510)*.,1:4, 0.57!3.*6-'1D.A.6>,68E!.510)*120<-81/45-</0*-1C8!
NOMOI>6'I"#$KG&E!SI0%>/)* 17> -EI[()*A42011>6<>C6*.0*Al 5IA8I0%>/) . 571=,43*27.45!.7104134664:]
0)*1-*1*64=A*507] *6>0*-104!A8!3.*6-'1Q5! A8!4=.5.45E!5401456810)*10%>/)*,?1.514<,!C,>5/)| C<O!
>6610%>/)*,212)4<6-1/647*68134664:1>6610.5-2143120<-.*?1>5-1/)>57%?1.510)*.,|C,>5/)*?14,13.%6-?!
Q5!0).?1:>8E!>6610%>/)*,21/>51<=->0*10)*.,|054:6*-7*1>5-1=* 34, AI0)*.,|=,43*2?2.45!C*00*,'1()*!
3,*W<*5/8! 43! 0*>/)*,2b! 34664:.57! 0)*! 0*/)546478! *6>0%-1 041 0)*.,! 4:5! C,>5/)! .?! -., */068!
=,4=4,0.45>610410)*10.A*6.5*2714310)*.,16¥224521C*/><?*10)*1Ad, ¥I3 *W<*506810%>/)* ?134664:10)*!
0*/)546478EI0)*!*>,6.* 10)*8!/>5!>//*2?1<=:04 ->0*!.534,A>0.45!>C4<0!0)*.,13.*6-E!>5-10)*8!/>5!
XVH WKLV VLWXDWLRQ LQ WKH L U )Q 68 ¥4R.Q.1¢8! >83+/0M)UBHLYEKIBIW W K F
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SURIHVVLRQDO FRPSHWHQFH ,Q WKHLU VWXG\ *+<QHi DQG %XO X
=,43%2?.45>61/4A=*0*5/*6*1*614310%/)546478!13466%="lD<==4,0.5710)*13.5-.57?14310)*!/<, *50!
20<-8E!0)*81/45/6<-*-10)>010)*, *|.?1>1=4?.0.1*E!Ad-* >0*E!>5-12.75.3./>50! *6>0.457?).=1C*0:**5|
0%/)546478134664;<=1>5-I= 43*2?.45>61/4A=*0*5/*1C*6 *3']

Q5! 0)*1 20<-8E! 0%>/)*, 2b! =* /*.1*-1 =, 43%22.45>61 /4A=*0*5/*=4?.0.1*68! = *- [0*-1 0)*.,!
6*1*67! 43! YAC! ?>0.23>/0.45'1 k>A*68E! 0)*! 7,7 DO>/)* ?b! =* [*=0.45! 43! =,43*7?.45>6!
FRPSHWHQFH WKH KLJKHU WKHLU SHUFHLYHG MRE VDWLVIDF\
145/6<-*-1 0)>0! 0*>/)*,?b! = 43*?2?.45>6! [AA=*0*5/* 2.75.3./>5068! =,*-./0*-! 0)*! 6*1*6! 43! YAC!
2>0.73>/0.45!.510)*.,120<-81041-*0* A6*10)*1*_0*50104!:)./)I0*>/)* ?b!=,43*22.45>6!/4A=*0*5/*]
SUHGLFWHG WKHLU MRE VDWLVIDFWLRQ ,Q D VWXG\ FRQGXFWH ¢
/45/6<-*-10)>01>?10)*!=>,0./.=>50?b!=47.0.1%! 1.%:21 >C4<0! =,43*?2.45>6! /AA=*0*5/* 5/ *>?*-E!
0)*.,IYACI?WLVIDFWLRQ OHYHOV DOVR LQFUHDVHG ,Q WKH VWXGLHV
:>21-%0% A .5%-10)>010)*,*:>?1>1=47.0.1*I>5-1?.75.3./>50!,*6>0.457).=IC*0:**5!Y4C!?>0.?3>/0.45!
6*1*6! >5-1 =,43*22.45>6! /AA=*0*5/* 6*1*6'| Q5! 40)*,! :4,-?E! .01 :>?! -*0* A.5 *-10)>0! =)87./>6!
*.<[>0.4510%>/)* 21:.0)!).7)! 6¥16?! 431 YAC! 2>0.73>/0.45! >6241)>1*1).7)! 6*1*6?! 43! =,43*72 45>6!
FRPSHWHQFH SHUFHSWLRQ $FFRUGLQJ WR WKH VWXG\ FRQGXFW
*=4,0%-10)>010)* *I:>?1>1=472.0.1%1>5-12.75.3./>50! *6>0.457).=1 C*0:**51 0*>/)* | = 43*??.45>6!
J4A=*0*5/*1 >5-1 YAC! 2>0.23>/0.45! 6*1*6?E! >5-1 0%>/)*| = 43*??.45>6! [AA=*0*5/*| 6*1*6! :>?! >|
2.75.3./>50!= *-./04,1431Y4C1?2>0.73>/0.45!6*1*6']

hQDO GHWHUPLQHG WKDW DV WKH SURIHVVL)R®DO FRPS
W H D FISHPYEIO)*. 1YAC!2>0.23>/0.45!6+1+6721>67241 5/,*>2*1g>60>5!"#$#$&! *1*>6*-10)>010)* *I
2151 Ad-* >0%1>5-1=47.0.1*! *6>0.457).=1 C*0:**51 0*>/)*, 7b] =,43*22.45>6! [4A=*0*5/*>5-1 YAC!
2>0.23>/0.45'/(4)>51*01>6'I"#$##8&1>6 241 *1*>6*-10)>01=*->TAB!*33./>/8!.?!-.,*/068!=,4=4,0.45>6!
041 YAC! 2>0.23>/0.45a! 0)>0! .?E! .31 0)*! 6*1*6! 431 =*->747./>6!*33./>/8! .5/ *>?*?E! 0)* Y4C! ?>0.23>/0.45!
OHYHOV RI WHDFKHUV ZLOO DOVR LQFUHDVH *DPVx] ; UHYHD
*33./>/81>5-1=,43*2? 45>61/4A=*0*5/*1C*6.*3?1=47.0.1*681>33*/0*-10)*.,IY4C12>0.73>/0.45'Ig6>?7*5!
>5-1@).<!"#$K$&! 34<5-10)>01 >A457!0)* 2<CY*/0?!43! 520,</0.45>6! 0%/)54647.*?1>5-1/6>72, 44A!
AS5>T*A*S0EI0*>/)*,?1:.0)!).7)*,16%1%621431=,43*272.45>6/4A=*0*5/*1>6241)>-1).7)* 16*1*67] 43!
Y4C!72>0.23>/0.45' @>=150b>8"#$SF&! 34<5-1>12.75.3./>50! *6>0.457).=1 C*0:**5] = 43*27?.45>6!
J4A=*0*5/*1 >5-1YAC! 2>0.23>/0.45! 6¥1*6?! .5!>1 20<-8! .51461.57! #GHH! 0*>/)* 2! 5| K$F! 2%/45-> 8!
2/)446?1.51Q0>68'IN?10)*I=,43%2?.45>6!/4A=*0*5/*16*1*6?14310)*!/@HZRA0*>/)*, 21=>,0./.=>0.57!
510)*120<-81.5/,*>7*-E10)*.,1Y4CI?>0.23>/0.4516*1*621>6 24! 5/, %> P
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ITSIWO5RTS -

Q5! 0).?! ?0<-8E! 0)*! =*-./0.1*! *33*/0! 43! 0*/)546478! 34664=! >5-1 =43*?7.45>6!
[4A=*0*5/*1451'Y4C!?>0.73>/0.45!6*1*6?143!=)8?./>6!*-</>0.@5/)*,?!:>?1.51*?0.7>0*-'1Q0!/>5!
C*1/45/6<-*-10)>0!0)*!=* /*=0.45!431=,43*?7?.45>6! [AA=*0*5/*1 >645*1=47.0.1*68! =,*-./0*-1 0)*!
Y4C!?>0.73>/0.45!6*1*6?14310*>/)*,?E!>5-1047*0)*,1:.0)!0)*I3,*W<*5/8143!34664:.5710*/)54647./>6!
-*1*64=A*50?E!.0! =*-./0*-1 YAC! 7>03>/0.45! 6*1*6?! >0! >!).7)*,| >0*IN?! >! *?<60E! .0! )>?! C**5!
4C?*,1*-10)>0! 0*>/)*, 21 =* [*.1*1 0)*A?*61*?! >?! A4 *| = 43*?7.45>668! /4A=*0*50! :)*5! 0)*8!
164?*68!134664:!10*/)54647./>6!-*1*64=A*507! *6>0*-104!0)*.,! 3.*6-?E! >5-1>?!>] *?<60E! 0)<?!0)*8!
)>1*1>1).7)*,16*1 *6!43!Y4CI!?>0.73>/0.45'

0".!CRI.W-RVOWRI!.CRTS5 -

Q5! >//4,->5/*1 :.0)! 0)*! 4C0>.5*! *?<60?! .5! 0).?! 20<-8E! ?4A*l 2<77%20.457! 34,
=,>/0.0.45* 2E! *?*> [)* 2E1>5-1=)82./>6! *-</>04,?1 > *| = *?*50%-'1 QO! A>8! C*1 2<77*20*-10)>0!
2.A.6>,120<- *21.510).?13.%6-1?)4<6-IC*!/&-</0*-1451>5! 50*,/<60<,>6!C>?.?' IN6 24EI0)*], *2*> /)* 2|
A>81* >A 5+ 0)*1 3 *W<*5/8! 431 0*/)546478! 34664:! <=! 43! =)82./>6! *-</>0.45! 0*H*,?1 :.0)!
-.33* *50! 1>, >C6*?'Q5?7*,1./* 0,>.5.57! 34,! =)8?./>6! *-</>0.45! 0*>/)*,?! />5! C*! 4,7>5.f*-E!
*2=%/ >668! 34,! >,0.3%#6! .50*66.7*5/* >==6./>0.45?! 0)>0! )>1*LA*! =4=<6> 1 5! */*50! 8*> 'l
+)872./>6! *-</>0.45! 0*>/)*,?! [>5! C*l *5/4<,>7*-1 04! =>,0./.=>0% .51 6>,7* ;C<-7*0*-1 34,* 75!
=,4Y*/0?1041%52<,*10)>0!0)*8!)>1*10)*6>0%?010%/)54647./>61 2430:> *1>5-1)> -:> *1<?%.1 510) *I
3.%61431=)87./>6!*-</>0.45'1 Q5!=>,0./<6> El0,>.5.57145!0%/)54647./>6!6.0* >/8!/>5IC*1=,41.-*-IC8!
C40)15>0.45>6!%-</>0.45!>5-17/)4461>-A.5.70,>04,?E10)<?!A>0.57!.01A4,*1>00,>/0.1*134,1=)82./>6!
*.</>0.4510%>/)* 2104134664:10%/)54647./>6!-*1*64=A*50?! 5!0)*13.*6'l Q5!>--.0.45E!0)*I5<AC*,!
43Y,422/<60<,>6*-</>0.45>6!A4C.6.f>0.4571.5!2/)446?Y/>51C*1.5/ *>?*-EI>5-148.0*4C?*,1>0.45!
4310*/)54647./>61>==6./>0.45?1<?*-1 51=)87./>61*-</0).451>C, 4>-1/>5| C**5/4<,>7*-'| i.0)!>66!
0)*?2*12<77%20.45?E!=)8?./>61*-</>0.45!64)*, 2blY 4C12>0.23>/0.45!6*1*621/>51C*1 5/ *>P*-"

+38%K/(DH(L(&#) -
()*1><0)4,?1-*/6> *10)>010)*170<-81-4*?15401/450>.5!>5813.5>5/.>61?7<==4,0!4,!

>?7?.20>5/1

$XWKRUV:- FRQWULEXWLRQ
7KH ILUVW DXWKRU:V FRQWULEXWLRQ WR WKH VWXG\ LV RQ
7KH VHFRQG DXWKRU:V FRQWULEXWLRQ WR VWXG\ LV RQ WKH GL
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WKLUG DXWKRU:-V FRQWULEXWLRQ WR VWXG\ BV R&G WKH GDWL
?*/0.45?1

U(H/$*$H %8-%G-+06&G/"+#-"&H(*()#

N66! ><0)4,?! 20>0%! 0)>0! 0)* A>5<?/,.=0! 2<CA.00*-! .?! <5=<C6.?)*-! >5-1 4,.7.5>6a! 0)>0!
DQRWKHU SHUVRQ:V LGHDV SURFHVVHV UHVXOWV RU ZRUGV [
3>C,./>0.454,13>67.3./48?1)>1¥ICH5IA>-*1(J*l=>=* 1)>?1540IC**5!=<C6.?)*-I= *1.4<?6814,
)>?1C**510>0*5134,1/457.-* >0.45134,1=<C6./>0.451¥62%:)* *!

F#,"+)-5#$H#(1(&H-
().?21,¥2%> )1:>?134<5-1%0)./>668!>== 4=, >0*!:.0)10)*-*/.2.45143ID>0>,8>  1j5.1*?.08!

43IN==6.*-ID/.*5/*?120)./2'@4AA.00**|->0*-1$Z'$Z ' #$#F!>5-I5<AC* *-12’HMF#K

'FIFFSIF5 1l

$N 0 7KH UR OH PP B34E. B CbR: HC6*AC>?*-1456.5+1>785/),454<7!
-21<?2.451  E+16127(  )*$+"&( *(  9:$0"61*'&( ?'07,*&'F8%Z"%&EHSEMF'!
)00=?13J-4.'4,7IK$' KKKKICY*0'K#HL %

SOWXxQNXUW < <xOPD] . SHODWLRQVKLS EHWZHHQ 2F
(*>))*,21>5-1()*.,|B4CID>0.23>/0.45'] ."%"+8"(<,1="+2168()*$+,"&@:$0"6 1% ;19" #&EIZK!
)00=?13J-4.'4,7IK$' KMKH#GI?<Y*%C$FF

N6W>,>5.El €'l D'l "#$##&' h4-* 51 @475.0.1 @AA=*0*5/* >5-1.0?! V*6>0.457).=1 04! 0)*! @,*>0.1*!
(*>/).571+,>/0./421431+)8?./>612-</>0.45!(*>/)* ?1.51D>6>)1>6 ;\.5!c41*54,>0%1 2'G"2(
)r$+,"&(*-(H10"&(.005(31 EI%EZK')00=21JJ-4.'4,7IKS GHIHSIOY A #$H# 146K F'=£W17

$Ux < &DQOx 8 ODW 3 %HGHQ HULWLPL |[OUHWPHQ

QLWHOLNOHULQ GHBUHWOH®GROKR®PHMLY HUVLWHVL %HGHQ (Ul
5'+F121;(K&E!LG%'

$\GxQ 7 6DN U 7 @ OHUH\ = 7KH ,QYHVWLJDWLRQ RI
431B4CIS<,54<01>5-1()*., ID*6233./>/8!S*6. *3)F$+,"&(*- (E"8D$+6(9:$0"6 1*, (B&68; (JEL&E!
MLZMM$00=21JJ-4.'4, 7IK$'FLGZLIC*3-* 7."MZZFHF

%DOWDFx $ 7KH 5SHODWLRQVKLS %HWZHHQ33.RBI4DWLVIDF
D/)446!+,.5/.=>6?', KODUD (UL W DR B U B i W& HIEAL

S>5-<,>EIN'I"KMH#&'1D*83./>/81h*/)>5.2A1 5IU<A>5IN7*5/8 INA*, />51=78/)4647.20EIF Z"#&E!
K##100=213J-4.'4,7IK$ KSFZISSSFESGGI'FZ' # KitH

S>5-<,>E! N'l "KMML&'! @4AA*SEB! 0)*1 @,<?>-*! N7>.520! 0)*1 @><?>6! 233./>/8! 43! U<A>5!
04<T)0' ) $+,"&(*-( E'7"=1%+( 27'+"/8(" :( 9G/+1# 6"&( 128071"6+8;( MR&E! KHW$'
)00=?13J-4.'4,7IK$' K$SKGI$$SIZMK G " MLESSEFYo

%XOFD < 6DoOx ) .DQJDOJLO O 'HPLUKDQ * 3K\V
P=.5.45?14310)*I(*>/)* 12-</>0.45!+,47 >A'  9:$0"61*,(",:(.01',05(L "KGL&'
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%XOX0o % 'HPLU 6 7KH 5HODWLRQVKLS 9%B3\Z8HHQ -RE
SDVHG RQ (OHPHQWDU\ DQG OLGGOH 6FKRROQDHD R H.bt Ui 13K
9:$0"61*,(B"0$&68;(IEHHAAH

%e\eN|[JW+UN 0B6RV\DO % L (OIHRHHQ DALIGELTAINDWB.EINSO> >!

@>=,>>EIc''IN'EIS>,C>,>5*66.E!@'E!D0*/>E!+'E!dIh>645*E!+'ID'I"#$$F &I (*>/) 23BID1B8ES*6.+37!
N?I\*0*,A.5>507!431B4C!D>0.23>/0.45!>5-1D0<-*50?b!N/>-*A./IN/).*1*A*501IN!D0O<-8!>0!
0)*1 D446l  R*1*6'1  P$+"&(  *(  2077*&( [2807*&*FS;( "GRE! YTMS$'!
)00=211-4.'4,7IK$ KSKGIY'Y 2=#$$G'SMISSK

@)*,,.57045ENI(I"KMMKEY": (67*+1'2(1,(#*61="61* P(H*61="61*,(",:(Q*+%(D'7"EO}*-'&'1"2-"!
VIN'IDO*, 211%IRi'1+4,0%, &EIh/c,>.  ;U.661D*,.*?1.5IA>5>T*A*50' I FKI6%'

@4)*SE! B "KMHH&A12610"&( *Q'+(>,"&8212(-*+(67'( E'7"=1*+"&(.01',0'2( RMU(GES>6*EKBI!
R>:*5/*12,6C><A" !

dHOHQ < 7KH (IITHFWV RI WKH $WWLWXGHV RI THDFKHU &DQ(
Q-*>?1>C4<0!j?.57! ()*?*1 k*0:4,0?! .5! 2-</>0.45>6! +6>034,A?"1 J"26"#*,$( 9:$0"61*,(
)*$+,"&P(NM&E!KKEIKHL)DO="71JJ-4.'4,7 IK$'#%K$GIO*3-*,7." % FL%HLK

FAL E12'1"#SKL& IN??2*22A*501 431+,43*27.45561 +*,245>6.08! @ 4A=*0*5/*1431+)8?./>61 2-</>0.45!
7HDFKHUV :RUNLQJ L#3YD&)PMN, NLF-Q/H-6(.01',0'2; (M&E! KZH!

9,>5/EIVE!+,fA/; /IDUVHQ = SALB IRV #EKK&H2* "&( 2'0$+168(",:(-"+(*-(0+1#("2(
J+:106%+2( *-( 2$DT'061="(@'&EPQ5! D<CY*/0.1*! :*66*.57! >5-1 7%/<,.08! "=="l %L GZ&!
\4,- *)OIID=,.57*%1k*0)*,6>5-?"1  )00=21JJ-4.'4,7IKS' K$$SZIMZMIYBSZ ##ZHK %

*DPVx] 6  .6+22(+2*$+0'2;( 2@B-10"08;( 68/'(>(/'+2*"&168(",:( T*D(2"612-"061*,( "#*,F(
6"07+2P8QSXEOLVKHG PDVWHU:-V WKHVLV! .78 8QLYHUVLW\ 7D

c*4, 7*ENE!dIh>66* 8EIh'! "#$KS$&L..(-++(Q1,:*Q2("(26'/(D8(26'/UG(.1#/& (VSL: (", :(W-'+,0' '
S>7045/IN6685!d!S>/45'

*INWDU = -RE 6DWLVIDFWLRQ RI 3K\VLFDO IT&XFHWLRQ °
9:$0"61*,(",:(./*+6(.01',0'2()*$+,"&;(3 "K&E! KT

C<=AEIB'EldH+>0*5>EIN' N I'H$H##& 1+, 43*22.45561Q-*50.3./3&465/).57!r<>6.08!43!1D*/45-> 8!
+)87./>612-</>0.451(*>/)*, 2" >21"(1"01-10()*$+,"&(*-(9:$0"61*,"&(!I'+2/'06 1~ KEKEH#

*sOHEDUODQ &UUHWPHQOHULQ GUOHUL 6RQ $QD (UWHOHPH (UL
$0JxODUx OHVOHNL 'HOQMHW POMHNALP ¥QIG B@ D.QWA x OD iW xUxOP
$UDUWxWRPDVHN OLVDQV WHIL $QNDUD hQLYHUVLWHVL (GLWLF

**QHU $ O %XOXo % 7KH SHODWLRQVKLS % HWZHHQ &OL
J?*1>5-1()*.,ID*63!233./>/8!S*6 .*3?'!17*EDY %L OL P "K&BEMKH L

U>A=045E! h'l N'l "KMZ#&"! ()*! VA6*! 431 D<C>W<*4<?! \*C,.?! 964:! .5! c*5* >0.57! (<,C.-.08!
@<,,*50?')*$+,"&(*-( . 1#,6"+8( W'2"+07:( KNo&)D0=20J-4.'4, 7IK$ KF$CIZU\ZHGHS
HSHKKK\Z; HGY%HS$$SKS#@KMGL\

B<-7*E!(IN'EIR4/O*EI2'IN'ENS,)>AE! @' @!1*1g6<7* EIN'IKT"KMMH&\.2=47.0.45>6!233*/0?145!B4C!
>5-1R.3*12>0.23>/0.4511()*IVA6*1431 @4,121>6<>0.4584+,"& (*-(>/I&1": (1280 7*&*F8;(YK&E!
KZ')00=?13J-4.'4,7JK$' KSFZI$$#KMSKS HF'K'KZ

B<-7*E!(''N'E!e)>57E!D''@'E!d!c6* <AENV'"#$#$&'1B4C! ?>0.73>/0.45'12?7?7*50.>6?!43!'YAC!>00.0<-*?!
>5-140)*,1:4,0=6>/*1=78/)4647./>6!/4570,</0?E#$Z#%K'

' Fzt

0$1233%/(-4-56%*#-5+"B9:;<7=>>3=Q@%A;A;B



https://doi.org/10.1016/j.jsp.2006.09.001
https://doi.org/10.24106/kefdergi.434151
https://doi.org/10.1007/978-94-007-2278-1_4
https://doi.org/10.1306/74D7262B-2B21-11D7-8648000102C1865D
https://doi.org/10.1306/74D7262B-2B21-11D7-8648000102C1865D
https://doi.org/10.1037/0021-9010.83.1.17

FGG(+#-%G-C(+,&%/%HI-JYa0%R6&-4%L-5$#") GS+#"%& — - - - e dHOLN <xOGx] $NVX

g>60>5E19'IB#$E& () *IV*6>0.457).=IS*0:¥*51(*>/)* 2bID*63 ; 233./>/81S*6.*3?1>5-1B4CID>0.23>/0.45!
R*1*6?ll N!  h*O=N5>68?2.?! DO0<-8! (ULWLP YH % L" @B
)00=13J- -4.'4,7IK$'KLFM$I2S #$HS HLYIM

.HVHU $ dDOxUPD <DuDPx UOH <DUDP 'R\XRXWDODDQEXOVL:
hQLYHUVLWHVL UNWLYVDWSEHVEBWHYL OHFP XDV x
.HVHU % %LOLU . % g Gt 7DWPLQL gOOHULQLQ 7<UNc

dDOxUPBWVNX O DISHOA21(.*28"&(E1&1#&'+(5'+FAREIGHRFM'

g6>?2*5EIV'INE!d! @).<E!h'h'I"#$K$&'1 233*/0?1 P51 (*>/)*, 2b! D*@33./>/8!>5-1B4C! D>0.23>/0.45!!
(*>/)*1c*5-* EIT*> 21P312_=* *5/*1>5-1BACID0,*??'!  )*$+,"&(*-(:$0"61*,"&(12807*&*F8;(
3ZMREEIZ%B0=210J-4.'4,7IKS$ KSFZI>$SKM#MZ

.RQRNPDQ * < <HONHQ 7 < gUUHWPHQ $GD\ODUxQxQ
$ODQxQGDNL <HWHUOLN O HUWHLLUQH QOLG@ NY.IQUA UWIHOHU (I LWLP )D
X'K&RZ:KHHJDO=?1JJ-4.'4,7JK$' KZHG$I*3- KEHMK

g4=/)>E!(IB'E!dING7* E!@""#$K$&'|@)>57*?1.5!()*| D’EB./>/81431D0<-*50!(*>/)* 21257 >7*-1. 5
N!I(*/)546478 ;D<==4,0*-19.%6-12_=* *5/*1 A (", $"&#"61,F(*-(67 (>9@?(@*="61*(
[8'66( W'F,08( \+"F( @*$,68( >'71#( @> ' NC?0,>/0! ,*0,*1*! 3 4Al
)00=21JJA*AC*,2'>*/0'4,7J=-3]+,4/**- 572J=4/**- 5T 2KSIHSKSIKSGKH'=-3 I

R*EINEIdR.AEIQ T '#$#$& \AI()*(*)5420,*221@,*>04,?1+ *- JOIBACID>0.73>/0.45!>5-1(*>/)* |
233./>/8! P31 +,.A> 8! D/)446! (*>/)* 7! 51g4,*>s'l  9:$0"61*,"&( ?'07,*&*F8(A,6'+,"61*,"&;(
M3K&E!BMLI00=211J-4.'4,7] K$H#FSMLI2(QHSHSHK'K'AGM

R4/O*E! 2'IN'E!9.0f=>0,./OE!{'E!d!i).0*E! 9' 'l "KMHF &' B4C! ?2>0.23>/0.45! >5-1 46*! /6>,.08! >A457!
<5.1%2.08! >5-1 /466*7* 3>/<608'R7'( W'=1'Q( *-( [1F7'+( 9:$0"61* ;( MNA&E! FHEL'

) 00=21JJ-4.'4,7IK$'KFLFJ,)* KMHF $$KY
k<,7>6.8*1>E!D'E!Qf06*<41>Ele'Elh>.7*6-.8*1>E!D'Ele)<??<=41>E!e'E!D>-<>0>?E!c'E!!d!PA> 41>E!
CE! "#$HF&' 2_>A.5.57! () V*6>0.45?).=?1 S*0:**5] (*>/)* 2b! B4C! D>0.?3>/0.45! >5-!

(*)54647./>6! @4A=*0*5/.*? P((A,6'+,"61* "&()*$&(*-(9:$0"61* (1,(H"67'#"6102;(.01',0'(

g]J*O & 1 .XUWXO ' dLUGHP *.0 7 RV X IQ5R")! 9/ 1.08! 43! 8Q X\
6RPH $PSKLELDQ DQG 5HSWLOH 6SHFLHV /LYLQSP)® ®%R]FDDG
( >"e*&1"(  9=1+#.6"&(  "i(  >1#'&(  .01,02;( L "F&E!  #%us!
)00=213J-4.'4,7IK$' FLA#MIY >*2' K K#FRK

g]JeU + *eO 7HDFKHUV &RPSHWHQFH LQ 8VLQJ 7HFK
Q50*7,>0.45! 43! Q534,A>0.45! >5-1 @4AA<5./>0.45! (*)54647.%?1 504! 2-</>0.45>6!
251.,45A*507'l 34P8 O X V O [EUEFLPB%& gUUHWLP 7THNQRORMADHUL 6HPSR

gJLioOL g %DOUFx + ,PSDFW Rl .QRZOHGJH DQG 7HFKQRO
D>0.?3>/0.451! N! 9.%6-1 DO<-8"06"+8"( <,1="+2168( )*$+,"&( *-( 9:$0"61*,:("BRIE! GMKK'!
)00=?13J-4.'4,7IK$' KMKHG I * KKY%KZZ %

D/):>f* E!V'E! D/)A.OfE! c'l D'E!d!\>805* Elc'l (I"KMMM&'! (*>/)*,1 2*63*33./>/8'1 \/*0, . *1%-13,4A
)00=1JJ<?* =>7*3<;C*,6.5'-*J)*>60)J><0)4,)0A !II!

GLUPDQ O 7 H D F K B/W2I\N! B4R BIS. PAN, B >5-10)*! \/)*04, /' UQ|Q-
hQLYHUVLWHVL (ULWLPFRENEOWHYVL 'HUJLVL

' FZI

0$1233%/(-4-56%*#-5+"B9:;<7=>>3=Q@%A;A;B



http://dx.doi.org/10.15390/EB.2020.8549
https://doi.org/10.1037/a0019237
https://doi.org/10.17860/efd.12891
https://members.aect.org/pdf/Proceedings/proceedings10/2010/10_18.pdf
https://doi.org/10.23095/ETI.2020.21.1.069
https://doi.org/10.1353/rhe.1983.0012
http://doi.org/10.46328/ijemst.3375
https://doi.org/10.35229/jaes.1123314
https://doi.org/10.19126/suje.1141774
http://userpage.fu-berlin.de/health/author.htm

FGG(+#-%G-C(+,&%/%HI-JYa0%R6&-4%L-5$#") GS+#"%& — - - - e dHOLN <xOGx] $NVX

6PHUHN 5 ( 3HWHUVRQ 0 ([DPLQLQJ +HU]JEHUJ.V 7
D>0.73>/0.45! NA457! k45>/>-*A /) 2A=648*+21 >0! >1 j5.1% 2.08'1 W'2"+07(,([ 1F7'+(
9:$0"6.1*,;(KEWHMLS'1)00=11- '-4.'4,7IK$' K$S$ZI?KKK GHSCMS$Y !

6XQ + gg]JOHP G0 '"R\XPX h]HULQH %LU $UDUWXUPD 7<«UNL\H &XPt
%DQNQRW O0DWEBO®D>WOMEHRBIQOXN 7H]L $QNDUD 7<UNL\H &X
OHUNH] %DQNDVx %DQNQRW ODWI EDDVx *HQHO 0¢GeUOQO-u-"

(>C>/)5./OE! Sl C'E! d! 9.-*66E! R'l D'l "#$$ 283/ +1#',6"&(:'21F,2($21,F(>0O\]>P ! S*6A450E! @NI!
(4A?45]S,4402J@46*']

(*60.0E!IU'I"#$SMRZYS'6'+#1, "6 1%, (*-( 2"07'+(.'&- ®--10"08("'+0'/61*,(E'6Q",()*D(."612-"06.1% (", (
E$+*$6( N='&( @*++&"61* 2( -*+( 1+'207+*&( 2" 07"™@B4,>6! \ .27*,0>0.48En> A>,>!
j5.1*,2.0%2.1"(<,0*8& |

(HAEI(THSSH& IN??*27.5710)*/4A=<0*,1>00.0<-*?143120<-*50?IN5IN?.>51=* 2=*/0. @*#/$6'+2(
1,([$#",(E'7"=1%+;(MK"%&E!IK GEBH6#00=211J-4.'4, 7IK$ KSKGIY' /) C HSS$Z'$C 'S8

7RKDQ 7 1\RWR 1 &KDQGUD 7 1RYHPEHU 7KH (IIHFW F
0)*! n4/>0.45>6! U.JK 6FKRRO 7HDFKHUV-ZRUN 6DWLVIDFWLRQ D
+>Y5>A.0,>! h>.0,*8>! 94<5->0.45E! V.><'A( A,6'+,"61*"&( @*-'+,0'( *( E$21,'22(

H'"F#.6( > >00%$,61,F | "nd6'l KE! k41 KE! +='1 KMR#&'
)00=20J-4.'4,7JK$'FLK%LJI./AC.A>'1K.K'#HFFF

! j6</>5E! U'E! d! g>,>C<6<0E! 2'| P'l "#$K#&'] ()*! D*BZ:33./.*5/8! N5>687.7! 43! +,4?=*/0.1*!
+)87./>61 2-</>0.45! (*>/)* 21:.0)! *7>,-1041 0)*! 2-</>0.45>6! (*/)546478! DO>5->,-?'l
)00=?13J-4.'4,7JK$' KZM%FJ*00<'F$ZIZL

hQDO $ Ui 'R\XPX <DUDP 'R\XPX YH <DUDP $QODPx 'HULUNHQOH
gUUHWPHQOHULQLQ OHVOHNL ! %EordX 0)5M8(M U W L H6Y L Q HP OM N
(QVWLW eV

hQOo- + $\GRV / %HGHQ (ULWLPL gdUHWPHQOHULQLQ <HWH!
¥ 6*A*I OLOOL (ULW L PKHZ&EKRW

e)4<E!ID'I"#$#%& IR*1*61431(*>/).57I\.A*52.45214510)*1(*>/).5719>/04,21431+)8?./>6!2-</>0.45!
C>N* 2T YR+, "&(*-(9:30"6 1%, (",:(9:$0"6 1%, "&(W'2"+07; (& EK F{%F'

0$1233%/(-4-56%*#-5+"B9:;<7=>>3=Q@%A;A;B


http://dx.doi.org/10.1007/s11162-006-9042-3
https://doi.org/10.1016/j.chb.2007.06.004
https://doi.org/10.35145/icobima.v1i1.2833
https://doi.org/10.17943/etku.307575

*/19:10050;(03=0M%(P&M&MO9:C5(M&KQKKL

ﬂ PAMUKKALE JOURNAL OF SPORT SCIENCES

0$1233%$/)'4'56%+#'5," 789::<7=>8=@%;A;B 0"$+,- "+ "
C-)'DEE) #%E'F%G)+'H%I1J'"1%16+)**"%&'C"K-#%&'#-)' (2&&"&K ?
H$M)I'.&$)+%L" '56+"& #'C)*#"& M%2&K'N$/)'H$*3)#L$//0/$J)+*
OXVWDID &DQ@UABIMgRC <" GO0EL®IM%GI2 g /£
5728232%,(*-(19:321"&(;<$1"02 (", <(./*4F"&09(.12',1'3(>,30208(P+"%:"(@,28'+32QR+,'4(? * U N(L \ H

A728232% (*BF8'# (", <(?+"2,2,C(.12',1'34 (D2+%/2,"+(.19%&(*-(./*+0(.12',1'34(?+"%:"(@,28 482Dt '4(? » U N(L \ H
E 198 (*-(/*+0(.12',1'34728232* (*-(B*8'#,0(",<(?+"2,2,C(.12', 1'34(8 iDN 8 QLY HUVLWNL\8iDN 7

1 1 men .H5C(.!C 1
O)JGY%+*" ") I256"A;8: 0 AL+ <-G2+<.+"0-"G02+3"C056".0893+::;0<"/;=*/:"
70893+::;;,0<"=A38+</ J*
>+O+AH5"93,</ 1+:/J" 0<"9+3-038A<.+";<"/*+">?<<;<f@A:+5"B<A+30C;."D93;</")+:/"#>BD)" ;<
) +AB"03/ 607<=" BAG+" CAH+/CAGG" 9GAB+3:(" )2+</6" BAG+" RBGI+ASAG
OA3/;.;9A/+5";<"[*+":/?56"#A=F"  “ \HDUV "KHLJKW FI
2+;=% "z" -« NJ EDVNHWEDDO HM[SHUHBIQWH
9+3-038+5" /*+" >BD)J" .0893;:;<="[" \" KP" 8" :93;</:" 2:/*" M%@.0<5"
KNS </[+3RAG:J"2+A3;<="3+=?GA3"*B3/0893+::;0<"/;=*/."2;/*"A"0<+ @++H"
>++R+5MEHC3?AT &
>+R; A5 MY 2< 5968 </[+3RAG" C+/2++<".0<5;/;0<:("4+-03+"+A.*" [+:/)" @ORB" 5;+/A36" 3+.03E

B.+9M45" $&V2<5%R"
BRAGACEG <BL'B?=?/"$%& 2A:" 245" /0" AG.2GA/+" [*+" [O/AG" .AGO3;+" ;</AH+" A<5" [*+" 9+3.+</,

AGO03;+:" -308" .A3C0*653A/+:" /0" A..0?</" -03" 5;+/A36" RA3;A/;0<:("

]009+3" T<5+\"2A:" 2:45" /0" Ai:+::" -Al;=?2+" G+R+G:" C+-03+" +A.*" [+:/(")

, >BD)J" .0<57?./+5" ?:;<=" A" M+2/+:/" 102+3/;8+3" 9*0/0.+GG" #K%%" D+3;:

Q!%++);i‘:3/fl>'<\?;\|/';f;|§'- 2%t S?G?J"U;<GA<5'J"5+/+38;<+5"8A\;8AG" 902+3" #I8A\'J" 8;<;878" 902+3

, ®A;G"B553+::! #18;<'J"AR+3A=+"902+3"#BI'J"A<5"-A/;=?+";<5+\"#UT'("|+3.+;R+5" 4«3

+BH23/KPY=8A.G(.08™ A-/+3"+A*" >BD)" 2A:" Ai:+1:+5" 2:;<=" [*+" 403="D.AG+" #@W</" :6:/+8'("

|A;3+5@\89G+:"/[+:/"3+:?G/:":*02+5"<0":/A/;:[;. AGGE":;=<;-;.A</"5;--+3+<.

#9_ %(%P™ C+H/2++<" [*+" 8+A<:" -308" [*+" [20" [+:/" :+::;0<:(" )*+" :/?56"

?==+:[""I*AI"G02+3"C056".0893+::;0<"/;=*/: '5;5"<0/":;=<;-;.A</G6";89A./"

>BD)"9+3-038A<.+";<"607<="CA:H+/CAGG"9GA6+3:("70<:;5+3;<="/*+"

5+:;=<J" A99G6;<=";/" /0" 803+" +\9+3;+<.+5" 9GA6+3:" A-/+3" -A8;G;A3;
+:1;0<:"2;/%".0893+::;0<"/;=*/:"8 A6"6;+G5"5;--+3+</"3+:2G/:(""

KL}
MHSH'%ENVWHIO & XUW & DQG 1 HERMRENDX-+40-102+3"4056"70893+::;0<"),=4/"0<" [F+">7<<;<=  @A+5"
B<A+30C;." D93;</" )+i/" ;<" E0?<=" FAG+' 4AH+/CAGG" IGABHSY%Y"&'( )*$+"&( *( ./*+0( .12'1'34664$'J" KLMENL("
*//9:10050;(03=0M%(P&M&MO9: C5(M&KQKK)*+"B2/*03#:" ARA;GACG+"0<G; <#BID05+3=;9A3H(03=(/30+<09?COK 5"
MA<"SO+< B, 41" AL G5, /3;C 2+ 5" 2<5+3" 44" [+38:"0-"*+" 7 3+A/;R+"70880<B//3;C2/;,0<"&(%" T</+3<A/,0<AG" 1, +<:+J"7T"4E"&(%"
#//9:100.3+A/;R+.0880<:(03=0G:. +<:+:0C608&(%0



https://doi.org/10.54141/psbd.1437338
https://dergipark.org.tr/en/pub/psbd
https://creativecommons.org/licenses/by/4.0/
mailto:cemkurt35@gmail.com
https://orcid.org/0000-0002-0354-1254
https://orcid.org/0000-0002-0254-5923
https://orcid.org/0000-0003-3678-1294

DEE) #*'%E"1%16+)**"%&"K-#*T&'()6)$#)I'56+"&#* ' ' oo ' hVWHU . XUW '1HELROOX

UVC(TWPICUTV '

4A:H+/CAGGJ" A"=GOCAGG6" 909?GA3" /+A8":903/" 9GA6+5" C6" 8+<" A<5" 208+<" ;<" OR+3" $%
07</3;+:J"*0G5:"A";;=<;-;.A</"90:;/;,0<";<"AI*G+/;.."#aA3.;A"+/"AG(J"$%$$b"D. A<GA<"+/"AG(J"$%MSP' (") *+'
9097GA3;/6"0-"CA:H+/CAGG"5+3;R+:"-308%+=%:;/6J":*03/@ 38"A.6.G;."80R+8+</:"9+3-038+5"

2;/*" [*+" CAGG" #53;CCG;<=J"9A::;<=J"*00/;<=J" +/.(" A<5" 2;/*0?/" I*+" CAGG" #c?89;<=J":93;</;<=J"
FA<=+"0-"5;3+./;,0<J"A=;G;/62(ba0//G;+C" +/" AG(J" $%$Mb" FA:A<OR;." +/" AG(J$%MLD" 1?+</+" +/"
AG(I$YM[

a0/IG;+C"+I"AG("#$%IM " /A/+5"*AI"8 A<6F8BR/:",<"CA:H+/CAGG"GA:/"C+/2% % «0<5:"

A<5"0<+' 8;<?/+(" )*+3+-03+J" CA:H+/CAGG" ;:" 8A3H+5" C6" 9+3;05:" 0-" ;</+38;//+</" A./;R;/6J"
+<.089A::;<="C3;+-"C?3:[:"0-"*;=*",</+<:;/6"A<5"803+"+\/+<5+5";</+3RAG:"0-"805+3A/+";</+<:;/6"
A<5"3+.0R+36"#a0//G;+C"+/$egWMb"/+"d;+3;H+"+/"AG(J"$%M&'(""

DO<="+/"AG("#$%SK" 3+903/+5" [*Al" CA:H+/CAGG" 9GA6+3:" 9+3-038" A<" AR+3A@" 0-" M%P" *;:
;<[+<:;/6"37<:"5?23;<="A"8A/.*J"3+9+A/+5"+R+36"$M": +.0<5:"A<5"GARZE=E);\ ":+.0<5:"+A.*("
[?+</+"+/"AGG%HRA":/AI+5"*AI"CA:H+/ICAGS . ;-;."80R+8+</:J":? *"A:"c?89;<="A<5".93;</;<=]"
A3+"0-"=3+A/";8903/A<.+"-03":.03;<=("4A:+5"0<"/*+"+\9GA<A/;0<:"0-"DO<="+/"AG ("#$%3IK'J" | 2+</+"+/"
AG($#0RJ" AS" B/l+<+" #3$%M['J" ;" 3+903/+5" [*A/" 3+9+A/+5" :93;</" AC;G;/6" #>DB™ *0?G5" C+"

.0<:;5+ 3+5"A".3;/;.AG".0890<+</"0-"9*6:;.AG"-;/<+::";<"[+A8":903/."G;H+"CA:H+/CAGG("B:"5+-;<+5"
C6"D/0CcA<OR;."+/"AG("#$%M3$J"9(KQP'J">DB"3+-+3:"/0"/*+".A9AC;G;/6"0-"+\+.?/;<="3+9+A/+5".93;</:"2;/*"
8;<;8AG"3+.0R+36("T<":;89G+3"/+38:J";/"5+<0/+:"/*+"AC;G;/6"/0" A*+RC+:/'90::;CG+"AR+3A=+"
193;</"9+3-038A<.+"A.30::" A" :+e?+<.+"0-":93;</:.J" +A.*" :+9A3A/+5" C6" C3;+-" 3+.0R+36" 9+3;05:("
FOHO?"+/"AG("#$%M["A<5"7A:/A=<A"+/"AG("#$%%L"": ?==+:/"/*Al"[*+"AC;G;/6"/0"3+9+A/"*;=*";<[+<:;/6"
+--03/3";<.G?5;<=":93;</" A<E" *A<=+"0435-./;,0<"A:";<">DBJ"8A6" C+"A"8Ac03" 5+/+38;<A</"0-"

[*30?=*":+R+3AG"/3A;<;<="805AG;/;+:J";<.G?5;<="8A\;8AG" :/3+<=/*"/3A;<;<=J"/3A5;/;,0<AG":93;</"

13A;<;<=3"9G608+/3/3A;<;<=J"A<5".089G+\"/3A;<;<="A3+"80:/G6"93+-+33+5"C6".0A.*+:"#403=+:"

+"AG(J"$%M[b"472.**+;/"+/"AG(J"$% MY KEDARS; BS0"+/"AG (J"$%$MbED33+G0"+/"AG (J"$%ML'(
)*0?=*"<0/".?33+</J":08+"3+:+A3.*+3:": ?==+:/"[*Al" [*+"?:+"0-".0893+::;0<"=A38+</"

A< < 3+A+"9+3-038A<.+"A<5"/*A/".0893+::;0<"=A38+</:" . A<"AG:0"C+"?:+5"-03" 3+=+<+3A/;,0<"

92390:+:"#g3;GG+3" +/" AG(J" $%$Mb" USA<H+" +/" AG(J" $%$Mb" ]009+3" +/" AG(J" $%MPb" W3A+8+3" +/'

10/?3.0"+/"AG(J"$%M['("T<"0<+"0-"/*+"9;0<++3;<=":/?5;+:";<"/*;:"A3HARF IVBPAG ("#MNN[":*02+5"

I*Al" ROGG+6CAGG" 9GA6+3:" 5;:9GA6+5" ;:8930R+5" .A9A.;/6" /0" 8A;</A;<" 902+3" 0?/9?/" 573;<="A"

3+9+A/+5"c?89" [+:[" 2*+<" ?[;G;7;<=".0893+::;0<"/;=*/:" ;<:/[+A5" 0-".0</30G" =A38+</:" #3+=?GA3"

- KLs

0$1233%$/)'4'56%+#5,"7'89;; <F>8=@%;A;B




DEE) #*'%E"1%16+)**"%&"K-#*T&'()6)$#)I'56+"&#* ' ' oo ' hVWHU . XUW '1HELROOX

=68":*03/:'(""R+3/*+G+::J"*+"8A\;8AG"c?89"902+3";<"F+"C+:/"A//+89/"3+8A;<+5"?<A--+./+5"
C6".0893+::;0<(" g?--;+G5"+/" AG$%%Q™ 3+903/+5" *Al" <+;/*+3" [*302;<="<03" 3+9+A/+5" :93;</"
9+3-038A<.+"2A:";8930R+5"C6"A".0893+::;0<"=A38+</";<".3;.H+/"9GA6+3:("];==;<:"+/"AG("#$%%N"
AG:0"3+903/+5"/*A/".0893+::;0<"=A38+</5;5"<0/" A--+./"$%"8":93;</:" A<5".0?</+380R+8+</"
c?89:" ;<" <+/CAGG" 9GA6+3:(" " >+=A35;<=" [*+" 90/+</;AG" 9+3-@8M<+<=" +--+.[:" 0-"
.0893+::;0<"=A38+</:"5?73;<="/3A;<;<="03".089+/;/;0<J":08+"3+:+A3.*+3:"*AR+":?==+:/+5"*A/"
2+A3;<=":?2 *"'=A38+</:".07G5"3+5?2+"8?:.G+"0:.;GGA/;0<J"+<*A<.+"9+3;9*+3AG" .;3.?GA/;0<" A<5"
R+<07?:"3+/?3<J";8930R+"CG005"-G02"R+G0.;/6J":<.3+A:+"A3/+3;AG"9+3-?::0<J"AGHR; A/+"90:/
8?7:.G+"03+<+::J"A.;G;/A/+"*+".G+A3A<.+"0-"CGO05"GA./A/+"A<5". 3+A/;<gARSA+MHAG (J"$86%N
03;GG+3"+/"AG(J"$%3$Mb"U3A<H+"+/"AG(J"$%$Mb"5+"aGA<R;GG+"h"]A8G;<J"$%M$b'("D08+"0-"/*+"C
902+3" 9+3-038A<.+" *AR+" C++<" :?==+:/+5" /0" C+" 5?+" /0" ;8930R+8+</:" ;<" 93093;0.+9/;0<"
#W3A+8+3"+/"AG(J"MNN['("403<"+/"AG("#3$%MK" A::+3/+5" [*Al".0893+::; 0LBABBHAL +"
93093;0.+9/;0<J" /*+3+C6" 90/+</;AGG6" 930R;5;<=" C+//+3" -++5CA.H" 3+=A35;<="G;8C" 80R+8+</:f"
5;3+./;,0<J"A..+G+3A/;,0<J" A<5"R+GO0.;/6(" DO8+" A?/*03:" A3=2+"*Al" [*+" +--+.[;R+<+::" 0-" 2+A3;<="
.0893+::;0<" =A38+</:" ;:" 803+" 930<0?<.+5" ;<" +<5?3A<.+OA+30C@A:+5" 9+3-038A<.+" 03"
3+.0R+36".089A3+5"/0"A<A+30C;."A<5";</+38;/[+</["A.[;R;[;+:":? *"A:"c?89;<=J"93;</;<=J"A=;G;/6J"
FA<=+"0-"5;3+./;,0<J"+/.("#AAGGBA<<"+/"AG(J"$%MNbL"gAR;+:"+/"AG(J"$%%Nb"5+"aGA<R;GG+"h"|A8G; <
03;GG+3"+/"AG(J"$%$Mb"USA<PHSMTAG (J"$

)*+3+-03+J3" [*;:" /756" A;8:" /0" +RAG?A/+" [*+" +--+.[;R+<+::" 0-" .0893+::;0<" /;=*/:" 0<"
>?<<;<=@A:+5"B<A+30C;."D93;</")+:/"#>BD)"9+3-038A<.+";<"607<="8AG+"CA:H+/CAGG"9GA6+3:("
)*+":1?56"*690/*+:; +:"[*Al"[*+".0890<+</:"0-"/*+">BD)J";<.G?5;<="8A\;8AG"902+ 3"#I8A\'J"
8;<;878"902+3"#18;<'J"A<5"AR+3A=+"902+3"#BI'J"2;GG"C+"803+":;=<;-; A</" 2*+<" [*+" [+:[";:"
9+3-038+5"2;/*".0893+::;0<"/;=*/.(" "

NDCSTWS5

"+0212/",q

)% I256" 2A:" .0<52./+5" 2;/%" [*+" 9A3/;.;9A/:0<" 0-" $%" BAG+" CA:H+/CAGG" 9GAG+3:" 2*0"
A.J;R+G6"9GAE" CAH+/CABEB'S:-+3+</".G?C:" 09+3A/;<=";<" ABA/+?3" G+A=?+:" <" T:/A<C?G(" T<"
:ABIG+":+G+./:0<J"/AL;:/:. AG"902+3"2A:"5+/+38;<+5"?:;<="ail02+3"R+3::0<"K (M(NES/*+":/256"
C6" 4AGGBASLH" AG(" #$%MN'J" /" 2A:" 5+/+38;<+5" [*Al" [*+" /256" .0?G5" C+" 9+3-038+5" 2;/*" [*+"
9A3/;.;9A/0<"0-BYAXGH+:J".0<:;5+3;<="/*+"0+3.+:R+5"3A/+"0-"+\+3/;0<":.03+:"#.04230G
G02+3"C056".0893+:::0<"/;=*/'Z"  * S ASE"EHt [ 57 Y% (Q$ ALE =< A< A
ARZ'%(%P"#:IAl;:];.AG" 902EB6(LP'("]02+R+3J".0<:;5+3;<="/*+3+"8A6" C+"9A3/;.;.9A</"G0::+:"-03"

- KL

0$1233%$/)'4'56%+#5,"7'89;; <F>8=@%;A;B




DEE) #*'%E"1%16+)**"%&"K-#*T&'()6)$#)I'56+"&#* ' ' oo ' hVWHU . XUW '1HELROOX

RA3;0?:"3+A:0<:3¥0+09G+"2+3+";<.G?5+5";<"/*+":/?56(")*+".3;/+3;A"-03";<.G?:;0<";<"/*+":/?56"
2+3+"5+/+38;<+5"A"*R;<="Al"G+A:/"[20"6+A3:"0-"CA:H+/CAGG"+\9+3;+<.+J"C+;<="C+/2++<"[*+"A=+"
0-"M["A<5"MLJI™AR;<="A"G;.+<:+"-03"/*{FPeH$'CA:H+/CAGG":+A:0<J"C+;<="*+AG/*6"-0GG02;<="/*+"
8+5;.AG" +\A8;<A/;0<" 3+e7?;3+5" /0" OC/A;<" A" CA:H+/CAGG" G;.+<:+" -03" @YW EN:H+/GAG
+AI0<J"A<E"<0/"™*AR;<="A<"A.?/+"87:.?G0:H+G+/AG":6:/+8";<c?36("S?3":/?56"2A:"A9930R+5"C6"
[*+")3AHBA"X<;R+3:;/6"D.;+</;-;." >+:+A3.*" [*;.:"7088;//++" 0<" M$B(%Q($%IM" 2;/*" [*+"930/0.0G"
QXPEHU @BW'$%SMOKSM(")*+":/?56"2A:".0<5?./+5"C6"/*+"93;<.;9G+:"0-"g+.GA3A/;0<"
0-"+G<H;("

I+*1'<$+' (

)*+":/?56"2A:"5+:;=<+5"A:"A"3A<508; +5".30::0R+3"/3;AG("IA3/;.;9A</:"Al[+<5+5"/20"/+:/"
+:5,0<" CH2++<"M[1%%" A<5" MQ!K%J" 0<+" 2++H" A9A3/J" 2+A3;<="+;/*+3" <038AG":903/:" :*03/:" 03"
G02+3"C056".0893+::;0<"/;=*/:(")*+"+::;0< :"/OOH"9GA.+"C+/2++<"S./0C+3"MKJ"$%$KJ"A<5"S./0C+3"
$%J" $%SKI" A/" [*+" 4+6G+3C+6;"D903/:" 7G?C"4A:H+/CAGG" 70?3/ A<5" [*+"d+GG"7G?C"D903/:"A<5"1
7+</+3"g?5?GG?" SD4"4A:H+/CAGG" 7G?C4#003K" +A.*" [+:/J" $8D?3" 5;+/A363+.035"-038:"
2+3+".0GG+./+5"-308"/*$A3/;.;9A</:.J"A<5"/*+;3"5A;GAGO3;+";</AH+"A<5"/*+"9+3.+</A=+"0-"/0/AG"
AGO03;+:"0C/A;<+5"-308" .A3C0*653A/+:" 2+3+" AG.?GA/+5" /0" +\.G?5+" [*+" +--+./:" 0-" <?/3;/;,0<AG"
RA3;ACG+:"0<"/*+":/?56"3+:?G/:("B99G6;<="/*+"]009+3"T<5+\"C+-03+"+A.*"/+:/":+::;0<"8AL+" A"
AI+89/" 0" +G;8;<A/+" 5;--+3+</" 3+:2G[:" [FAl" 8;=*/" C+" OC/A;<+5" -308" [*+" [20" 5;--+3+</" [+:["
450" B2+ 0" -AL=2+" <! F AFGH (M AR [+ +0<" CH=A<" 2;/4" A" 2A38@9" :+::;0<"
0<:;:/;<="0-"M%"8;<?/+:"0-"=+<+3AG"2A@D"#C0==;<="A<5"M%"8;<?/+:"0-"56<A8/3+/.*;<=J"
2;[%" *+"AFG+/+:"9+3-038;<="A/"/*+;3"02<"9A.+"0<"/*+"CA:H+/CAGG".0?3/("B-/+3"/*+"2 ABBBI=
[F+" APFGH+" 2+3+" = R+£3++'8;<?/+:" 0-" 9A:;;R+" 3+:/" C+-03+" C+=;<<;<="[*+" 3?7<<; @A +5"
DQDHURELF VSULQW WHVW 53$67 7 KH9O-SSIBBAKH'P-BP'QW:M5" UHSHD W
2:/<"[*+">BD)"#["\"KP"8J"M%":"3+:/'(")*+">BD)"/+:/"2A:".0<5?2./+5"0<"A"2005+<":?3-A.+("D93;</"
[;8+:"2+3+"8+A:?23+5"2;[*"*+""+2/+:/"102+3/;8+3"K%%"5+R;.+"5?3;<="/*;:"/+:/("B-/+3"+A.*"[+:/"
+:5,0<d" 4" 9+3.+;R+5" +\+3/;0<" G+R+G"2RAG?A/+5" 2;/*" *+" 403="D.AGHB®H" :6:/+8'("
4AA:H+/CAGG"9GAG+3:" ?2:;<=":?99G+8+</:"#.3+A/;<+J"A8;<0"A.;5:J" +/.(" 2+3+" +\.G?5+5"-308" /*+"
4?256(" 4+-03+"+A*" [+:/" +:1;,0<3" *+" CA:H+/CAGG"9GA6+3:" 2+3+" =;R+<" ;<-038A/;0<" 0<" ARO;5;<="
3+<?07?:"9%6:;. AG"A.[R;/;+:J"8A;</A;<;<="3+=?GA3".G++9"*AC;/.J"'<0/" *A<=;<="/*+;3"+Al,<="*AC;/:"
[*30?=*07/"/*+":/?56J"A<5"AROQ;5;<="+\.+:;;R+". A--+;<+";</AH+"["*07?3:"C+-03+"/*+"/+/("

- KL

0$1233%$/)'4'56%+#5,"7'89;; <F>8=@%;A;B




DEE) #*'%E"1%16+)**"%&"K-#*T&'()6)$#)I'56+"&#* ' ' oo ' hVWHU . XUW "'1HELRuOOX

X"K2+)8!
D/?56"130/0.0G

Tezt 1: Compression Tights Shorts

Tezt 2: Compresszion Tights Shorts

(04:00-05:30 PM) (04:00-05:30 PM)
> 24-Hour Dietary Record 24-Hour Dietary Record
> Hooper Index Hooper Index

10-minute general warm-up

10-minute general warm-up
(jogging on court at their own pace)

3-minute rest

RAST
6x33m sprint; 10-zecond passive rest

(jogging on court at their own pace)
> 3-minute rest
RAST
6x33m sprint; 10-zecond passive rest
> Rate of Perceived Exertion

Rate of Perceived Exertion

F*<:(G'2C90(#"3%+#',0 (
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7+ U N LAG+"2+A3;<="*03/:"A<5"A"D;3/"A<5"2;/02/"*0+:(" "
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