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Abstract This study aimed to assess the influence of sports activities on certain nutritional habits, eating issues, food consumption 
frequencies, and sleep patterns in children with autism, categorized by age groups. This study was cross-sectional and included 
93 children between the ages of 3 and 18 years, divided according to participation in sports activities three days a week within 
autism sports clubs and associations. The investigation employed various tools, including nutrition habit inquiries, a  food 
consumption frequency questionnaire, and the Children’s Sleep Habits Questionnaire (CSHQ) Short Form. The findings revealed 
that children engaged in sports exhibited a  higher consumption rate of egg compared to their non-participant counterparts. 
Moreover, when examining the sleep patterns of children with autism across different ages, it was observed that non-participating 
children aged 3–5 years had significantly higher CSHQ scores than their sporting counterparts aged 3–5 (p < 0.05; d = 1.71). 
This study suggests that involvement in sports activities may serve as a promising strategy for regulating the nutritional intake 
and sleep patterns of children with autism, thereby potentially enhancing overall sleep quality.

Key words: autism spectrum disorder, CSHQ, eating behaviours, sleep problems 
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Introduction
Autism Spectrum Disorder (ASD) is a developmental disorder characterized by symptoms such as social-

emotional challenges, difficulties in non-verbal communication, repetitive behaviors, restricted interests, sensory 
sensitivities, and rigid adherence to routines (American Psychiatric Association, 2013). According to the Centers 
for Disease Control and Prevention (CDC), the prevalence rate of children with autism is 1 in 36. Data from North 
America, Europe and Asia indicate that the average prevalence is around 1–2% (Centre for Disease Control 
and Prevention, 2018). Additionally, the prevalence ratio of autism between males and females is reported to be 
approximately 5:1 (Werling & Geschwind, 2013). 

Autism diagnosed children frequently show unhealthy eating behaviours as compared to their peers who 
are normally developing (Marí-Bauset et al., 2014). Among these behaviors, there is often food selectivity, with 
a tendency to consume high-energy-dense foods more while consuming fewer fruits and vegetables compared to 
their typically developing peers (Sharp et al., 2013). These behaviors can persist into adolescence or adulthood. 
It can lead to an increase in unhealthy body weight and associated health outcomes as a  result of imbalanced 
nutritional intake (Dhaliwal et al., 2019). It has been shown that highly selective eating habits are not necessarily 
associated with appetite loss in autism diagnosed children, and many parents have reported that their children 
demonstrate a  healthy appetite for foods they enjoy (Cermak et al., 2010). These foods often contain highly 
processed foods (Hubbard et al., 2014). The consumption of nutrient-poor, energy-dense foods and beverages 
compared to healthier options may contribute to excessive weight gain in autism diagnosed children. 

Autism diagnosed children have a fourfold higher risk of obesity (Broder-Fingert et al., 2014). Children with 
autism are more than three times more likely to develop metabolic syndrome than neurotypically developing children 
(Messiah et al., 2015). Children with autism and their families often face various challenges associated with the 
physical inactivity caused by autism (Healy et al., 2019). Research indicates that individuals with ASD, in addition to 
the core symptoms of ASD, are at risk of experiencing various issues, including medical and psychiatric conditions 
(Healy et al., 2018), excessive body weight or obesity (Curtin et al., 2014), sleep disorders (Calhoun et al., 2020), 
physical inactivity (Liang et al., 2020), motor abnormalities and disorders (Chu et al., 2020) and executive function 
disorders (Sachse et al., 2013). Exercise is one of the promising compensatory methods that can positively affect 
cognitive functions from early childhood (Carson et al., 2016) to adulthood (Prakash et al., 2015) and can be used 
to reduce the risk of age-related cognitive impairment (Erickson et al., 2019) is increasingly emerging (Hirata et al., 
2016; Richdale & Schreck, 2009).

There are many internal  factors that can influence children’s sleep (Borbély et al., 2016). Among the 
internal factors are age, gender, existing illnesses such as a  developmental disorder, obstructive sleep apnea, 
or the sleep disorder itself, and habits like complementary sleep and exercise. More than 80% of children with 
neurodevelopmental disorders experience sleep disturbances. Specifically, children with autism spectrum disorder 
may encounter difficulties not only in staying asleep but also in falling asleep (Blackmer & Feinstein, 2016; Kotagal 
& Broomall, 2012; Souders et al., 2009).

In the literature, there are studies comparing exercise interventions in children and adolescents with ASD 
to typically developing children, and there are also studies focusing solely on the impact of exercise on sleep 
quality (Hirata et al., 2016) or dietary habits (Mendive Dubourdieu & Guerendiain, 2022; Shaly & Sreesna, 2013) in 
individuals with ASD. To the best of our knowledge, there is no research identified that specifically examines the 
sleep and dietary habits of children with ASD based on their engagement in sports and categorization into age 
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groups. Therefore, the aim of this study is to examine the impact of sports activities on the dietary and sleep habits 
of children with ASD by comparing them across different age groups.

Material and Methods

Participants and Study Design
The study utilized a cross-sectional research design, where participants were contacted and the questionnaire 

was administered only once. Our study group was formed by categorizing 93 children aged 3–18 years, who are 
members of autism sports clubs and autism associations. The age-based categorization in our study was carefully 
selected based on developmental psychology and pediatric literature, which indicate that children with autism 
spectrum disorder (ASD) exhibit significant changes in behavioral, cognitive, and physiological patterns as they 
grow. Participants who exercised for at least 150 min/week (engage in sports three times a week) were included in 
the “sports” group, while those performing <150 min/week were included in the “non-sports” group. To be included, 
participants had to be between the ages of 3 and 18 years old, diagnosed with ASD, and have a parental consent 
form. 

The exclusion criteria for the study included children with diagnoses other than Autism Spectrum Disorder, 
individuals over the age of 18 years, and children who incompletely filled out the data collection tools. A total of 121 
individuals were reached; however, 14 children were excluded due to having a diagnosis other than autism, 13 
children were excluded because they were over 18 years old, and 1 child was excluded due to incomplete filling 
out of the data collection tools. The ethical principles of the Helsinki Declaration were taken into consideration 
in the study. Before commencing the study, an informed consent form was shared with families and educators. 
Additionally, ethical approval was obtained from the Aksaray University Human Research Ethics Committee with 
the letter dated 20.06.2023 and numbered E-34183927-000-00000838482.

Data Collection Tools
The surveys and scales used in the study were created in a computerized format and administered through 

Google Forms. Descriptions regarding the applied surveys and scales were provided. Data collection took place 
between June 2023 and September 2023.

Socio-demographic data; were obtained through a 13-item questionnaire prepared by the research team. 
In these questions, data such as the child’s age, height, weight, gender, parents’ ages, and educational backgrounds 
have been queried.

Food Frequency Questionnaire Survey (FFQ); queried the participants about their general dietary patterns 
and the frequency of consuming various food groups, taking into consideration the overall nutrition patterns of the 
participating children. The validation study of the survey was conducted by Guneş et al. (2016).

The Children’s Sleep Habits Questionnaire Short Form (CSHQ); was developed by Owens et al. (2000) in 
the year 2000 to investigate children’s sleep habits and related issues (Owens et al., 2000). The Children’s Sleep 
Habits Questionnaire-Short Form consists of a total of 33 items. The scale defines a total of eleven sub-dimensions, 
including difficulty waking up in the morning, parasomnias related to sleep fragmentation, sleep anxiety, sleep-
related breathing disturbance, other parasomnias, waking up in the morning, sleep duration, sleep onset, the need 
to sleep with others, daytime sleepiness, and bedwetting at night. The items in the scale are evaluated on a 3-point 
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Likert system. The cut-off score of the scale is 41. A high total CSHQ score indicates poor sleep quality (Owens 
et al., 2000).

Statistical analysis
The statistical analysis of the data obtained in the research was conducted using the SPSS 26.0 (Statistical 

Package for Social Sciences) statistical software package. Categorical variables are presented with the count (n) 
and percentage (%), while numerical variables are provided with the mean (X) and standard deviation (SD) values. 
Before analyzing the data, the skewness and kurtosis values of the data were checked. Fisher exact test was used 
for the variable of food consumption frequencies according to the sports participation status of children with autism. 
An independent samples t-test was employed for the assessment of sleep habits between the groups of those who 
engage in sports and those who do not. The significance level for the analyses was set at 0.05. Cohen’s d value 
was calculated to determine the effect size. Cohen’s effect sizes were interpreted as follows: d < 0.2: trivial, d < 0.5: 
small effect, d < 0.8: medium effect, and d > 0.8: large effect. (Cohen, 1988).

Results

Sociodemographic Characteristics of Children with Autism
The sociodemographic characteristics of the children with autism included in the study, categorized by age 

groups within the 3–18 age range, are presented in Table 1. In our study, 29.4% of the participants are female, while 
79.6% are male children with autism.

Table 1. Some Sociodemographic Characteristics of Children with Autism by Age Groups

Sociodemographic Characteristics
3–5 

n (%)
6–8 

n (%)
9–11 
n (%)

12–14 
n (%)

15–18 
n (%)

Gender

Female
19 (20.4)

1 (6.2) 5 (21.7) 4 (28.5) 5 (18.5) 4 (30.7)

Male
74 (79.6)

15 (93.7) 18 (78.2) 10 (71.4) 22 (81.4) 9 (69.2)

Height
X̄ 111.1 123.2 140.6 157.4 167.5

Min–max 85–120 100–150 120–165 130–184 135–188

Body weight
X̄ 19.4 26.0 40.5 56.4 66.8

Min–Max 12–30 16–52 26–76 26–100 45–85

Number of Children in 
the Family

1 Child 5 (31.2) 7 (30.4) 3 (21.4) 7 (25.9) 3 (23.0)
2 Children 5 (31.2) 10 (43.4) 4 (28.5) 11 (40.7) 5 (38.4)
3 Children 3 (18.7) 6 (26.0) 4 (28.5) 8 (29.6) 2(15.3)

4 Children and Above 3 (18.7) – 3 (21.4) 1 (3.7) 3 (23.0)

Age 
(Mother)

<25 – – – 3 (11.1) –

25–35 8 (50.0) 10 (43.4) 2 (14.2) 2 (7.4) 2 (15.3)

>35 8 (50.0) 13 (56.5) 12 (85.7) 22 (8.1) 11(84.6)
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Age
(Father)

<25 – – – – –

25–35 4 (25.0) 7(30.4) 1 (7.1) 1 (3.7) –

>35 12(75.0) 16 (69.5) 13 (92.8) 26 (96.3) 13 (100)

Education
(Mother)

Postgraduate 1 (6.2) 3 (13.0) 1 (7.1) 1 (3.7) 2 (15.3)

Undergraduate 6 (37.5) 8 (34.7) 4 (28.5) 11 (40.7) 6 (46.1)

High School 4 (25.0) 8 (34.7) 5 (35.7) 10 (37.0) 4 (30.7)
Primary School 4 (25.0) 4 (17.3) 3 (21.4) 5 (18.5) 1 (7.6)

Non completed Primary school 1 (6.2) – 1 (7.1) – –

Education
(Father)

Postgraduate 2 (12.5) 4 (17.3) – 1 (3.7) 2 (15.3)
Undergraduate 3 (18.7) 6 (26.0) 4 (28.5) 13 (48.1) 5 (38.4)

High School 5 (31.2) 9 (39.1) 5 (35.7) 7 (25.9) 5 (38.4)
Primary School 6 (37.5) 4 (17.3) 5 (35.7) 6 (22.2) 1 (7.6)

Employment Status 
(Mother)

Working 4 (25.0) 6 (26.0) 3 (21.4) 7 (25.9) 2 (15.4)
Non Working 12 (75.0) 17 (73.9) 11 (78.6) 20 (74.0) 11 (84.6)

Employment Status
(Father)

Working 15 (93.7) 21 (91.3) 12 (85.7) 26 (96.3) 1 (3.7)
Non Working 1 (6.2) 2 (8.7) 2 (14.3) 10 (76.9) 3 (23.1)

Dietary Habits of Children with Autism
The dietary habits of children with autism included in the study, categorized by age groups within the 3–18 

age range, are presented in Table 2. When the number of meals consumed by children with autism was examined, 
it was found that the rate of consuming three meals per day was 80.9% for those who engaged in sports three days 
a week, and 76.4% for those who did not engage in sports three days a week. Among children with autism, 28.57% 
of those who participate in sports three times a week skip snacks while 33.33% of children with autism who do not 
engage in sports three days a week skip snacks. When examining the place of eating, 7.1% of children with autism 
engaged in sports and 11.7% of those not engaged in sports prefer eating while moving.

When examining the issues related to the quantity of food and beverage consumed by children with autism, 
4.7% of those engaging sports and 9.8% of those non sports were observed to consume smaller bites and sips than 
normal. When evaluating the problems encountered by children with autism during meals, it was determined that 
7.1% of those sports and 17.6% of those non sports experience difficulty in chewing and swallowing food (Table 2).

Table 2. Dietary Habits of Children with Autism Based on Their Participation in Sports

3–5 
n (%)

Sports
n = 42

Non–sports
n = 51

6–8 
n (%)

9–11 
n (%)

12–14 
n (%)

15–18 
n (%)

3–5 
n (%)

6–8 
n (%)

9–11 
n (%)

12–14 
n (%)

15–18
n (%)

Number 
of meals 
per day

1 meal – – – – – 1 (6.2) – 1 (7.1) – –

2 meal 1 (6.2) 2 (8.7) – 4 (14.8) 1 (7.6) 4 (25) 3 (13.0) – 1 (3.7) 1 (7.6)

3 meal 4 (25.0) 11 (47.8) 5 (35.7) 6 (22.2) 8 (61.5) 6 (37.5) 7 (30.4) 8 (57.1) 15 (55.5) 3 (23.0)



Ayşe Nur Kahve, Yağmur Yildiz, Hande Yazıcıoğlu Çalışan, Ali Rıza Atici, Okan Kamiş

10 Central European Journal of Sport Sciences and Medicine

Number 
of skipped 
meals

Morning 2 (14.2) 3 (16.6) 1 (7.1) 1 (5.8) 2 (18.1) 1 (7.1) 1 (5.5) 3 (21.4) 1 (5.8) 2 (18.1)

Lunch 2 (14.2) 2 (11.1) – 3 (17.6) 3 (27.2) 4 (28.5) 5 (27.7) 2 (14.2) 4 (23.5) 1 (9.0)

Evening – 1 (5.5) – – – – – 1 (7.1) – –

Snack – 3 (16.6) 4 (28.5) 3 (17.6) 2 (18.1) 5 (35.7) 3 (16.6) 3(21.4) 5 (29.4) 1(9.0)

Reasons 
for 
skipping 
meals

Due to 
forgetting or 
not finding the 
opportunity

1 (7.1) 1 (5.8) 1 (7.6) 3 (17.6) 3 (30.0) 2 (14.2) – 1 (7.6) 2 (11.7) 1 (10.0)

Because 
of not wanting 
to

3 (21.4) 6 (35.2) 4 (30.7) 3 (17.6) 3 (30.0) 8 (57.1) 7 (41.1) 6 (46.1) 7 (41.1) 3 (30.0)

Because 
of not being 
hungry

– 2 (11.7) – 1 (5.8) – – 1 (5.8) 1 (7.6) 1 (5.8) –

Place 
of eating

At the table 4 (25.0) 10 (43.4) 4(28.5) 9 (33.3) 8 (61.5) 8 (50.0) 7 (30.4) 5 (35.7) 13 (48.1) 3 (23.0)

On the floor – 2 (8.7) – 1 (3.7) 1 (7.6) – 2 (8.7) 3 (21.4) 2 (7.4) –

Standing up – – – – – 1 (6.2) – – 1 (7.6)

While walking 1 (6.2) 1 (4.3) 1 (7.1) – – 2 (12.5) 1 (4.3) 1 (7.1) 2(7.4) –

Eating 
style

Granular – 3 (13.0) 1 (7.1) 1 (3.7) 1 (7.6) 5 (31.2) 2 (8.7) 2 (14.2) 4 (14.8) –

Puree – – – – – – – – – –

Liquid 1 (6.2) – 1 (7.1) – 1 (7.6) 2 (12.5) – – – –

All 4 (25.0) 10 (43.4) 3 (21.4) 9 (33.3) 7 (53.8) 4 (25.0) 8 (34.7) 7 (50.0) 13 (48.1) 4 (30.7)

Person 
Feeding 
the Child

Self Feeding 3 (18.7) 6 (26.0) 1 (7.1) 5 (18.5) 6 (46.1) 3 (18.7) 5 (21.7) 5 (35.7) 13(48.1) 2 (15.3)
Mother – 2 (8.7) 1 (7.1) – – 2 (12.5) 5 (21.7) 1 (7.1) – –
Sometimes 
self. 
sometimes 
mother

2 (12.5) 4 (17.3) 3 (21.4) 5 (18.5) 3 (23.0) 6 (37.5) – 3 (21.4) 3 (11.1) 1 (7.6)

With the help 
of other family 
members

– 1 (4.3) – – – – – – 1 (3.7) 1 (7.6)

Problems 
with the 
amount 
of food and 
beverages

None 4 (25.0) 11 (47.8) 3 (21.4) 8 (29.6) 4 (30.7) 5 (31.2) 8 (34.7) 7 (50.0) 12(44.4) –

Very serious 
restrictive 
eating

– 1 (4.3) 1 (7.1) – – 2 (12.5) 1 (4.3) – – –

Very large 
bites and sips

1 (6.2) – – 2 (7.4) 5 (38.4) 3 (18.7) – – 4 (14.8) 4 (30.7)

Very small 
bites and sips

– 1 (4.3) 1 (7.1) – – 1 (6.2) 1 (4.3) 2 (14.2) 1 (3.7) –
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Pr
ob

lem
s E

nc
ou

nt
er

ed
 D

ur
in

g 
Fe

ed
in

g
None 5 (31.2) 11 (47.8) 4 (28.5) 6 (22.2) 5 (38.4) 8 (50.0) 9 (39.1) 7 (50.0) 8 (29.6) 1 (7.6)

Vomiting – – – – – – – – – –

Rumination – – – – 1 (7.6) – 1 (4.3) – – ––

Pica – – – – – – – – – –

Spitting out 
food

– 1 (4.3) – 1 (3.7) – – – – – –

Food 
pouching

– – – – – – – 1 (7.1) 1 (3.7) –

Swallowing 
without 
chewing

– – – – 3 (23.0) 1 (6.2) – – 5 (18.5) 3 (23.0)

Talking 
persistently 
about food

– – – – – – – – – –

Playing with 
food

– – – 3 (11.1) – – – – 1 (3.7) –

Multiple 
problems

– 1 (4.3) 1 (7.1) – – 2 (12.5) – 1 (7.1) 2 (7.4) –

When the frequency of food consumption among autistic children was evaluated, it was found that the rate 
of daily consumption of milk and dairy products was 52.3% for children who engage in sports, whereas the rate 
for children who do not engage in  sports is 45.1%. When vegetable and fruit consumption was examined, daily 
consumption rates were higher in children who engage in sports. However, this difference was not found to be 
statistically significant (p > 0.05). The daily egg consumption rate for children who engage in sports is 61.9%, 
whereas it is 37.2% for children who do not engage in sports. This difference is statistically significant (p < 0.05) 
(Table 3).

Table 3. Food Consumption Frequencies of Children with Autism According to Their Sports Activity

Food Groups

Sports
n = 42

Non–Sports
n = 51

None
n 
%

everyday
n 
%

1–2 times/week 
n 
%

1 times/ 
month

n 
%

None
n 
%

everyday
n 
%

1–2 times/
week 

n 
%

1 times/month n 
%

p

Dairy products 
(Yogurt, Kefir 
etc.)

8
19.0

22
52.3

12
28.5

–
–

16
31.3

23
45.1

10
19.6

2
3.9

.684

Meat Products 
(fish, chicken, 
offal, etc.)

7
16.6

14
33.3

21
50.0

–
9

17.6
12

23.5
27

52.9
3

5.8
.238
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Egg
8

19.0
26

61.9
6

14.2
2

4.7
13

25.4
19

37.2
16

31.3
3

5.8
.049*

Legumes 
(beans, 
chickpeas, 
lentils, etc.)

7
16.6

13
30.9

21
50.0

1
2.3

15
29.4

7
13.7

24
47.0

5
9.8

.100

Vegetable
6

14.2
17

40.4
16

38.1
3

7.1
16

31.3
15

29.4
19

37.2
1

1.9
.108

Fruit
3

7.1
33

78.5
5

11.9
1

2.3
9

17.6

30
58.8

9
17.6

3
5.8

.182

Bread and 
Cereal (pasta, 
rice, etc.)

1
2.3

31
73.8

9
21.4

1
2.3

2
3.9

38
74.5

9
17.6

2
3.9

.921

Oil (butter, 
oil, walnuts, 
almonds, 
olives)

3
7.1

27
64.2

8
19.0

4
9.5

11
21.5

30
58.8

8
15.6

2
3.9

.448

Fisher’s exact test, *p < 0,05

Evaluating the Sleep Patterns of Children with Autism
When the sleep status of children with autism was examined according to their age, the CSHQ score of 3–5 

year old children who did non-sports was found to be 49.54 ±8.09, which was significantly higher than that of 3–5 
year old children who did sports (p < 0.05; d = 1.71). In contrast to this situation, the average scores of 12–14  
year old children participating in sports on the CSHQ were found to be 50.1 ±8.33, and this was significantly higher 
than those of 12–14 year-old children who did non-sports (p < 0.05; d = 0.98) (Table 4).
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Table 4. Comparison of CSHQ Total Scores in Children with Autism Based on Their Engagement in Sports Activities

Age
Group

Sports
n = 42

Non–sports
n = 51

t p
Effect
SizeCSHQ

X̄ ±SD

CSHQ
Median

(Min–Max)

CSHQ
X̄ ±SD

CSHQ
Median

(Min–Max)
3–5

(n = 16)
39.4 ±2.0 39 (37–42) 49.5 ±8.0 47 (40–62) –2.715 0.017 1.71

6–8
(n = 23)

43.3 ±4.5 45 (36–51) 43.1 ±6.3 41 (36–57) 0.091 0.928 0.03

9–11
(n = 14)

51.8 ±15.3 46 (37–74) 48.6 ±6.4 50 (38–56) 0.544 0.596 0.26

12–14
(n = 27)

50.1 ±8.3 50 (39–61) 41.5 ±8.8 41 (31–65) 2.456 0.021 0.98

15–18
(n = 13)

44.2 ±12.5 38 (33–67) 45.2 ±8.9 42 (39–58) –0.146 0.887 0.09

When the sleep habits of children with autism were evaluated according to their engagement in sports 
activities, no significant difference was observed between the groups (p > 0.05). However, children who did not 
participate in sports had higher CSHQ average scores in terms of sleep onset delay, sleep duration, and nighttime 
awakenings compared to children engaged in sports (Table 5).

Table 5. Comparison of Subscale Groups of Sleep Habits in Children with Autism Based on Their Engagement in Sports Activities

CSHQ
Subscales

Sports
(n = 42)

Non Sports
(n = 51)

t p
Effect 
SizeCSHQ

X̄ ±SD
CSHQ
X̄ ±SD

Bedtime resistance 10.6 ±3.2 10.0 ±3.3 0.738 0.462 0.17

Sleep onset delay 1.6 ±0.7 1.6 ±0.7 –0.052 0.958 0.01

Sleep duration 3.9 ±1.3 4.0 ±1.2 –0.160 0.873 0.04

Sleep anxiety 6.7 ±2.0 6.6 ±2.3 0.292 0.771 0.06

Night wakings 3.8 ±1.1 4.3 ±1.5 –1.884 0.063 0.33

Parasomnias 8.7 ±2.5 8.6 ±1.9 –0.208 0.836 0.02

Sleep–disordered 
breathing

3.8 ±1.2 3.6 ±0.9 1.021 0.310 0.21

Daytime sleepiness 10 ±2.6 9.7 ±2.7 0.420 0.675 0.08

Mean Scale Scores 45.6 ±9.4 45.1 ±8.2 0.285 0.776 0.05
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Discussion

Irregular feeding behavior limited physical activity and sleep disturbances are all risks that threaten healthy 
living in children with ASD (Curtin et al., 2014; Dhaliwal et al., 2019; Matheson & Douglas, 2017; Srinivasan et al., 
2014). It is undeniable that researchers need more studies that comprehensively describe the lifestyle factors 
of children with ASD. Within this scope, some eating habits, nutritional problems, food consumption frequencies, 
and sleep habits of children with ASD have been assessed.

It is known that the risk of experiencing nutritional problems in children with autism is significantly higher 
(approximately five times) compared to their peers (Sharp et al., 2013). Findings from recent studies suggest that 
problems such as being selective towards a particular food or food group, showing sensitivity, and rejecting food 
often result in various nutritional issues, leading to eating behavior disorders and inadequate nutrient intake (Berding 
& Donovan, 2016). 

When studies investigating eating habits in children with autism are evaluated, the habit of having three main 
meals is common (Kaynar & Yılmaz, 2020; Şengüzel et al., 2021, Shaly & Sreesna, 2013). When we examined 
the meal frequencies of the children with autism included in our study, the rate of consuming three meals for 
those engaged in sports was found to be 80.9%, while the rate for those not engaged in sports was 76.4%. Of 
the children with autism who engage in sports three days a week, 28.57% skip snacks. In comparison, 33.33% 
of children with autism who do not engage in sports three days a week skip snacks (Table 2).  A study found that, 
38% of children with ASD require assistance from their parents while eating, and 30% can eat on their own (Bicer  
& Alsaffar 2013), In our study, it was observed that 52.68% of children with autism can eat on their own, while 
47.32% require assistance while eating. The inclusion of children with a lower age range may have an impact on the 
lower percentage.  It is generally accepted that many children with ASD have unique food preferences and unusual 
eating behaviors (Schreck & Williams, 2006).

It has been also shown that regular exercises applied to children with autism have positive behavioral, cognitive 
and social effects (Hynes & Block, 2023). It is generally known that many children with ASD have unique food 
preferences and unusual eating behaviors (Schreck & Williams, 2006). In our study, it was observed that children 
with ASD who practiced sports 3 days a week had lower rates of very severely limited eating, very large bites and 
sips, and very small bites and sips compared to children who did not practice sports 3 days a week (Table 2).  
Our study is consistent with the view that sports activities have a significant relationship with oral motor skills.

According to a study addressing the feeding problems of children with ASD, the most common problem, with 
a rate of 30%, was found to be the children’s food choices. Of the participating children with autism, 24% were 
reported to eat quickly, and 24% to eat excessively. The rates for difficulty transitioning to table meals, gagging/
coughing during meals, and refusing meals were observed as 17%, 17%, and 16%, respectively (Zeybek & Yurttagül, 
2020). In another study, it was found that 45% of children with ASD vomit during meals, and 56% retain food in their 
mouths (Siddiqi et al., 2019). In our study, vomiting during meals was not observed. Food retention in the mouth 
was observed in 2.15% of children with ASD. None of the children with autism participating in our study exclusively 
consumed pureed food, and it was observed that 5.37% of them consumed only liquid food. Children with ASD 
were found to have a high probability of accepting only low-texture foods, such as pureed foods. Researchers have 
concluded that children with autism exhibit significantly greater food selectivity compared to typically developing 
children (Zeybek & Yurttagül, 2020). In our study, 74.19% of children with ASD consume all types of food. In the 
study conducted Demir and Ozcan (2022) involving children with ASD and a control group, it was shown that 71.2% 
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of children with ASD ate at the table, while 91% of the control group ate at the table. This difference was found to be 
statistically significant. In our study, 76.3% of children with ASD eat their meals at the table.

In a study on the frequency of food consumption in children with autism, it was observed that 57.1% of the 
children reject vegetables, and 32.1% reject fruits (Zeybek & Yurttagül, 2020). In a conducted study, it was found 
that children with ASD consume fewer vegetables, fruits, and dairy products compared to their typically developing 
peers (Sharp et al., 2013). In a  study examining the frequency of food consumption among children with ASD 
aged 2–13 in India, it was found that the consumption of fruits, green leafy vegetables, and other vegetables was 
low, while the consumption of grains (mainly white and brown rice) was high. Additionally, it was determined that 
milk consumption is infrequent (Siddiqi et al., 2019). A meta-analysis study also reported that children with autism 
consume lower levels of fruits and vegetables (Esteban-Figuerola et al., 2019). In our study, the daily consumption 
rates of vegetables and fruits for children who sports were found to be 40.47% and 78.58%, respectively. The daily 
fruit and vegetable consumption rates of children with autism who non sports were found to be 29.4% and 58.8%, 
respectively. In a study, the daily egg consumption of children with autism was 37.01 ±55.37 g, while it was 27.37 
±18.79 g for children with typical development, but the result did not show a  statistically significant difference 
(Mendive Dubourdieu et al., 2022). In another epidemiological study, the daily egg consumption of preschool 
children with autism was 12.15 g, while it was 17.79 g in typically developing children (Canals-Sans et al., 2022). 
In our study, when the egg consumption frequency of children with autism was examined, the daily egg consumption 
rate of children who sports was 61.9%, while the daily egg consumption rate of children with autism who did not 
do sports was found to be 37.2% (Table 3). Most research has focused on non-disabled children (Zhu et al., 2024; 
Tournier et al., 2024). This results in a deficiency of research on effective interventions for children with autism. 
This gap limits the opportunity to reduce health risks related to nutrition in the population. The understanding and 
increased feasibility of adequate and balanced nutrition according to parents of children with autism will contribute 
to improving the quality of life and prevent public health issues.

Physical activity, children’s nutrition, and sleep habits are recognized as promising approaches for improving 
sleep quality. Research has shown that participation in physical activity has a  positive impact on the health, 
sleep patterns, and overall quality of life of individuals with ASD (Liang et al., 2024). Recently, most research has 
emphasized the importance of practices that promote sports for individuals with ASD. It was reported that sports 
may have a positive effect on the health, sleep patterns, and quality of life of individuals with ASD. It has been 
also observed that improvement in sleep quality has a positive effect on individuals’ problematic behaviors, and 
improvements in cognitive-executive dimensions and motor functions (Cohen et al., 2014; Gómez et al., 2020). 

In a study conducted on 40 children with autism aged 6–14 years, participants in the experimental group 
practiced water-based activities for 2 sessions/60 minutes per week for 10 weeks and it was concluded that these 
activities can improve sleep quality in children (Sikora et al., 2012). In another study conducted on 6 children with 
autism between the ages of 4–13 years, 30 minutes of in-water exercise was applied to children and no statistically 
significant difference was found between sleep quality between nights with and without exercise (Wilson, 2019). 
In our study, the mean CSHQ score of children with ASD aged 3–5 years who practiced sports 3 days a week was 
found to be significantly lower than children with ASD aged 3–5 years who did not practice sports 3 days a week, 
while the mean CSHQ score of children aged 12–14 years who practiced sports 3 days a week was found to be 
higher (p < 0.05, ES = 0.98) (Table 4). Although this situation partially contradicts the literature, it may be due to 
the difficulty of observing 12–14-year-old children accurately because the data were collected through parents. 
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Our study provides concrete data in terms of observing the score difference by giving the CSHQ score of each age 
group according to sportive activities. In one study, researchers aimed to compare the sleep quality and quality 
of life of children who participated in regular physical activity and those who did not, and found no significant 
difference in sleep patterns or sleep habits between the two groups (Seferoğlu & Güral, 2022). Because of the 
difficulty in estimating when a person has fallen asleep, more and more people have begun to adopt device-based 
sleep measurements to provide more accurate estimates (Wang et al., 2024). 

Individuals with autism in different age groups are more likely to have various sleep disorders and limited 
sleep duration (Hand et al., 2020; Lugo et al., 2020). In our study, it was concluded that children who did not practice 
sports 3 days a week had higher mean scores in sleep duration and night awakenings CSHQ compared to children 
who did practice sports 3 days a week (Table 5). In line with our findings, research has shown that combined 
aerobic exercise (AET) and motor skills training increased sleep efficiency, shortened the delay in sleep onset, 
and decreased the awakening time after falling asleep in 63% of the sample in the nights following AET and MS 
(Brand et al., 2015). Another study examined the effect of physical activity on sleep and behavioral functioning in 
children aged 8–12 years with autism spectrum disorder and confirmed the benefits of exercise on sleep duration 
and behavioral functions in children with autism spectrum disorder (Tse et al., 2022). Wachob and Lorenzi (2015) 
found that children who were more physically active had less difficulty falling asleep and their sleep patterns were 
less disrupted in 10 children with autism aged 9–16 years. Research has shown that 12-week basketball training 
for children with autism improves sleep quality (Tse et al., 2022) and a 4-week swimming program reduces the time 
to fall asleep (Oriel et al., 2016). Therefore, it can be said that there is an important relationship between physical 
activity and sleeping habits.

Several limitations should be considered when interpreting the results of this study. Initially, the reliance on 
parent-reported data as the only source for children’s sleep and dietary issues, along with contributing factors, 
presents a potential concern. It is important to acknowledge that parents might either minimize or overstate their 
children’s difficulties in these areas. Furthermore, the accuracy of parental recollections could influence the 
perceived connection between eating and sleep disturbances. Another constraint is the absence of comparative 
data from typically developing children or other children with special needs, which limits the ability to contextualize 
the findings. Additionally, this cross-sectional study design prevents the observation of changes in sleep or eating 
patterns over time. Finally, the assessment of physical activity levels, which depended on participant memory and 
self-reporting, introduces a potential for inaccuracies due to recall bias.

Conclusion
The current findings reveal differences in dietary habits, food consumption frequencies, and sleep habits 

among children with autism based on their engagement in sports activities. Our study shows that participation 
in sports activities three times per week is associated with a  higher frequency of egg consumption and more 
regular eating habits in children with autism. These findings suggest that involvement in sports activities may serve 
as a  promising strategy for regulating the sleep patterns and nutritional intake of children with autism, thereby 
potentially enhancing overall sleep quality.
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Abstract The aim of the research was to evaluate the acute effect of five different stretching techniques used as a part of agility 
and speed training. The sample groups consisted of 108 PF UJEP students who study in the field of physical education and 
sports. Participants performed five different warm-up stretching models in five different weeks, each Monday at the same time 
and place. The agility test and sprint were applied immediately after each stretching exercise. Both tests were performed without 
stretching (NS), after static stretching (SS), dynamic stretching (DS), static + dynamic stretching (SDS), and dynamic + static 
stretching (DSS) following 5 minutes of jogging. The ANOVA Chi Square statistical method and Wilcoxon Matched Pairs Tests 
were used to evaluate the data. The differences between the protocols were as follows NS with DS, NS with DSS, NS with SDS, 
SS with DS, SS with DSS, SS with SDS, DSS with SDS in 10 m (p < 0.05). There is a statistical difference between NS with 
SS, NS with DS, NS with DSS, NS with SDS in Illinois agility test (p < 0.05). Types of dynamic stretching have a positive effect 
on strength and speed sports performance. To increase agility, it is recommended to warm up in combination with a  model 
of dynamic stretching after static stretching.
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Introduction
Warm-up is an integral part of the training and teaching unit when there is an increase of requirement for 

sports performance. Warm-up is important to increase body temperature and stretching is primarily intended to 
increase range of motion at a joint or group of joints. Stretching further compensates for one-sided loading, reduces 
muscle tension, facilitates regeneration after loading and creates a feeling of body relaxation.

There are various types of stretching such as static stretching, dynamic stretching, ballistic (swing stretching), 
proprioceptive neuromuscular facilitation (PNF) stretching and many of its subtypes. In our research, we deal with 
static and dynamic stretching, including their combinations. Static stretching is slow stretching of the muscles in 
the final position up to 60 seconds (Peck et al., 2014; Torres et al., 2008; Young & Behm, 2002). It is necessary 
to respect gradual stretching with prolonged exhalation and avoid drastic stretching, which is very painful and 
unwholesome. Mild stretching, when, after taking up the starting position, the muscle is slowly stretched to the 
appropriate position with a feeling of a slight stretch, is followed by a phase after two to three seconds of releasing 
the developing stretch, i.e., the second phase continuing the tensile action on the muscle. Dynamic stretching is 
performed in such a way that the driving force of the movement is the kinetic energy of the body. The movement 
is carried out in a controlled and conscious manner without maintaining the final position, but there is no swing [4]. 
The positives of dynamic stretching are that the neural pathways responding to the stretching stress are activated 
more strongly than with static stretching, the rapid strength in the muscles is better preserved than with static 
stretching, coordination within the muscle is improved, and the capillaries remain fully open during exercise, while 
the muscles can be continuously perfused (Kabešová, 2017; Slomka & Regelin, 2008).

Research deals with the question of the influence of warm-up on the performance itself. The issue of the 
application of stretching as a part of the warm-up before performance is currently a highly discussed topic. A number 
of studies suggest that dynamic forms of stretching should be preferred over activities that require speed and 
strength (Aguilar et al., 2012). 

Dynamic stretching causes faster contractions of activated muscles and is therefore a prerequisite for faster 
movements. Muscles produce more force after dynamic stretching due to increased activation of motor units (Behm 
& Caouachi, 2011). In contrast, a reduced ability to produce force was demonstrated after static stretching, which 
was due to reduced motor unit activation, or reduced inelasticity of muscle tendon units (Hayes & Walker, 2007). 
A decrease in the effect on performance occurred after the application of static stretching during the warm-up for 
running sprint and power endurance performances (Nelson et al., 2005; Nelson & Kokkonene, 2021), for standing 
long jump and other activities with static force production (Behm & Chaouachi, 2011; Nelson & Bandy, 2005; Nelson 
& Kokkonene, 2021). It is recommended using a sport-specific warm-up phase method that combines dynamic 
stretching after static stretching to increase the athlete’s speed and agility (Aguilar et al., 2012). 

The acute effect of static stretching has a  negative effect on agility and sprint performance. This study 
suggests that dynamic and static + dynamic stretching could be used to achieve better acceleration, speed, and 
agility performances during warm-up training in young tennis players (Kilit et al., 2017).

Static stretching (SS) shows a decline in many domains, including strength, anaerobic power, and sprint time. 
Dynamic stretching (DS) shows an increase in anaerobic power and a decrease in sprint time. Research on the 
effects of stretching on agility performance is limited (Aguilar et al., 2012). 
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The aim of the study
The aim of the research was to evaluate the acute effect of five different stretching techniques used as a part 

of agility and speed training. It is assumed that after warming up with dynamic stretching and combinations with 
dynamic stretching, there will be a relevant improvement in the level of selected tests of agility and speed.

Materials and methods

Participants
The study was attended by 108 healthy and physically active students at the University of Jan Evangelista 

Purkyně in Ústí nad Labem studying in the field of physical education and sports. The average age of men  
(n = 72), which was 21.15 + 1.69 years, mean height was 1.80 + 6.25 m and body weight average was 77.52 + 10.05 kg  
and for women (n = 36) the average age is 21.11 + 2.45 years, mean height 1.68 + 6.28 m and body weight average 
61.38 + 5.61 kg. 

The criterion for inclusion of the participant in the research was the absence of health problems at the time 
of the research and regular participation in the research. The students participated voluntarily and confirmed their 
participation in the study by filling in the informed consent form. Each participant was informed about the procedure 
and participant´s consent was obtained. If students did not meet the given criteria, they were excluded from the 
study. All tests were carried out at the same time of day (9 o´clock a.m.) and the implementation took place in five 
weeks, every Monday from April 2023.

Research design
Participants were informed about the individual steps of the research and were provided with information 

about the implementation of the test. All actions were carried out under the guidance of the examiner. Testing 
took place under standard conditions (time, temperature, place) within 5 weeks from April 2023 and the first initial 
anthropometric assessment.

Participants were informed not to exercise or consume alcohol or caffeine 24 hours before the tests. 
The stretching warm-up model was performed under the supervision of an expert after a 5-minute warm-up (aerobic 
jogging of minimum intensity). After each applied model of stretching exercises, the Illinois agility test (s) and  
a 4 x 10 m (s) shuttle run followed.

The height of the participants was measured using a stadiometer (cm) and body weight was determined using 
a Tanita scale (kg).

Performance test
Sprint test 4 x 10 m (s) and Illinois agility test (s) were used to determine performance parameters. Information 

from a controlled interview was used to collect data. 
In Figure 1, the Illinois agility test starts at point A, proceeds to point B, and from there zigzags around funnels 

spaced 3.3 m apart to point C and the test finished at point D (Miller et al., 2006). Test is set up with four cones 
forming the agility area (10 meters long x 5 meters wide). Cone at point A, marking the start. Cone at B & C to mark 
the turning spots. Cone at point D to mark the finish. Start lying face down with the hands at shoulder level. On the 
“go” command, participant begins and time starts when they cross the photocells. Participants should get up and 
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run the course along the set path (left to right or right to left). At the turn spots B and C, they must ensure they touch 
the cones with their hand. The trial is considered complete when they cross the finish line and no cones have been 
knocked over. 

Sprint test: at the whistle, the participant runs from a semi-high start position from one cone, then the second 
cone is run around, and the participant returns diagonally to the first cone (so that the track forms a figure eight). 
After running around, he/she continues to the second cone again, touches it and returns to the start, where he/she 
must touch the cone again. Each participant first runs the entire course on trial to avoid mistakes. Each proband first 
runs the entire course on trial to avoid mistakes. Two attempts are made, between which there must be a break of at 
least 5 min. A better result is noted. Time is measured with an accuracy of 0.1 s. Running path (figure 2) (Pětivlas 
& Mrázková, 2012).

Stretching exercise protocol
Five types of stretching exercises were used in the following order: non-stretching phase NS, SS (static 

stretching), DS (dynamic stretching), SDS (static and dynamic stretching) and DSS (dynamic and static stretching). 
The non-stretching phase consists of 5 minutes of moderate-intensity aerobic jogging, after which the 

participants are tested without any other exercise application. 
In the SS phase, after a warm-up, i.e., 5 minutes of aerobic jogging, and a cooldown, static stretching followed 

with eight static exercises targeting the upper and lower limbs and the trunk. The procedure for SS was to take 
the starting position of the exercise and then stretch with holding time in the extreme position for 30 seconds. 
The exercise focused on latissimus dorsi (back), pectoralis major (chest), trapezius (neck), rectus abdominis 
(abdomen), gluteus maximus (hip), quadriceps (front of the leg), hamstring (back of the leg), gastrocnemius (calf) 
muscle groups. 

For DS, the same exercises as in research (Cigerci et al., 2023) were applied: high glute pull, walking lung, 
light high knees, high knee pull, straight leg kick, carioca, skip A (jumping), skip B (jumping). 

In the combination of SS and DS stretching, 8 static exercises with holding time in the extreme position for  
30 s were applied, followed by 8 dynamic exercises with 15 s intervals between repetitions. In the combination 
of DS and SS stretching, the application was reversed. First 8 dynamic stretches were performed with 15 s intervals 
between repetitions, and then eight static stretches were performed once for 30 seconds at the point of maximal 
range of motion (Aydin et al., 2019).

Statistical analysis of data 
Data were analyzed by analysis of variance (ANOVA) using Statistica software. According to the Shapiro-Wilk 

normality test, we dealt with non-parametric data and the Wilcoxon test was used to compare the stretching groups. 
The Wilcoxon test is a non-parametric test used to compare the means of two sets and to determine whether the 
results of one intervention group are significantly different from the results of the other intervention group. Statistical 
significance was tested at p = 0.05. 

The Pearson´s correlation coefficient was used to determine the relationship between the performance 
achieved in the Illinois test and the sprint test in men, women and all participants with the same type of warm-up. 	
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Figure 1. Illinois Agility Test (Miller et al., 2006).

Figure 2. Sprint test 4 x 10 m (Pětivlas & Mrázková, 2012).

Results
In order to use adequate statistical procedures, we first monitored the normality of the variables using the 

Shapiro-Wilk test. We can state that the monitored quantities have a frequency distribution other than normal, so 
we will use non-parametric statistical procedures. 

The following results present statistically significant differences for individual types of warm-up for the Illinois 
test. Based on the results of Friedman ANOVA and Kendall Coeff. of Concordance, individual types of stretching 
in the Illinois test are statistically significant (ANOVA Chi Sqr. (N = 108, df = 4) = 44.75 p < 0.00000; Coeff. 
of Concordance = 0.10361 Aver. rank r = 0.09523). Table 1 contains the comparison of individual stretching exercise 
protocols for the results of the Illinois test (p < 0.05). For the results of the Illinois Agility test, there is a statistical 
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difference between NS & DS, NS & DSS, NS & SDS, SS & DS, SS & DSS and SS & SDS (p < 0.05). DS proved to 
be the most effective, followed by SDS (Figure 3).

Table 1. Comparison of individual types of warm-ups for the Illinois test (N=108)

Type of Stretching Median (s) Vs. type of Stretching Median (s) Z p-level

No Stretching 16.89

Static Stretching 16.54 1.58 0.11

Dynamic Stretching 15.95 4.75 0.00

Dynamic Stretching + Static Stretching 16.45 3.35 0.00

Static Stretching + Dynamic Stretching 16.27 4.50 0.00

Static Stretching 16.54

Dynamic Stretching 15.95 4.56 0.00

Dynamic Stretching + Static Stretching 16.45 2.49 0.01

Static Stretching + Dynamic Stretching 16.27 3.31 0.00

Dynamic Stretching 15.95
Dynamic Stretching + Static Stretching 16.45 0.91 0.36

Static Stretching + Dynamic Stretching 16.27 0.73 0.46

Dynamic Stretching + Static 
Stretching

16.45 Static Stretching + Dynamic Stretching 16.27 2.84 0.00

Wilcoxon Matched Pairs Test (*p < 0.05)

Table 2. Comparison of individual types of warm-up for Sprint test 4 x 10 m (N=108)

Type of Stretching
Median
(s)

Vs. type of Stretching Median (s) Z p-level

No Stretching 10.74

Static Stretching 11.35 5.27 0.00
Dynamic Stretching 11.13 2.99 0.00
Dynamic Stretching + Static Stretching 11.45 4.49 0.00
Static Stretching + Dynamic Stretching 11.45 4.93 0.00

Static Stretching 11.35
Dynamic Stretching 11.13 1.53 0.12
Dynamic Stretching + Static Stretching 11.45 0.48 0.62
Static Stretching + Dynamic Stretching 11.45 0.66 0.50

Dynamic Stretching 11.13
Dynamic Stretching + Static Stretching 11.45 0.95 0.33
Static Stretching + Dynamic Stretching 11.45 1.81 0.06

Dynamic Stretching + Static 
Stretching

11.45 Static Stretching + Dynamic Stretching 11.45 0.75 0.45

Wilcoxon Matched Pairs Test (*p < 0.05)

In the shuttle run test, significant differences were also demonstrated for individual types of exercise (ANOVA 
Chi Sqr. (N = 108, df = 4) = 33.44 p < 0.00000; Coeff. of Concordance = 0.07742 Aver. rank r = 0.06880). Table 2  
contains the comparison of individual stretching exercise protocols for the results of the shuttle run (p < 0.05). 
The results of the 10 m sprint test showed statistically significant differences between selected types of warm-ups 
NS & SS, NS & DS, NS & DSS and NS & SDS (p < 0.05).

The medians and min and max values are clearly shown in box graphs for both tests (Figure 3, Figure 4), 
where dynamic stretching appears to be the most effective stretch (Figure 3).
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Note: Stretching; NS: No Stretching; SS: Static Stretching; DS: Dynamic Stretching; 
SDS: Static Stretching + Dynamic Stretching; DSS: Dynamic Stretching + Static 
Stretching.

Figure 3. Box graph – Illinois test.

Note: Stretching; NS: No Stretching; SS: Static Stretching; DS: Dynamic 
Stretching; SDS: Static Stretching + Dynamic Stretching; DSS: Dynamic 
Stretching + Static Stretching.

Figure 4. Box graph – Sprint test 10 m.

The results in table 3 present a direct relationship between the achieved performances in the Illinois test and 
the sprint test for men, women and all participants with the same type of warm-up (p < 0.05).

Table 3. Rank correlation for men (n = 72), women (n = 36) and total (N = 108)

Stretching
Men Women Total
R t(N-2) p-level R t(N-2) p-level R t(N-2) p-level

NSIL vs. NSCL 0.34 0.34 0.00 0.32 1.99 0.05 0.60 7.77 0.00
SSIL vs. SSCL 0.21 0.21 0.06 -0.12 -0.68 0.50 0.22 2.36 0.01
DSIL vs. DSCL 0.32 0.32 0.00 0.08 0.47 0.64 0.32 3.51 0.00
DSSIL vs. DSSCL 0.42 0.41 0.00 0.31 1.88 0.06 0.44 5.11 0.00
SDSIL vs. SDSCL 0.36 0.36 0.00 0.38 2.46 0.01 0.40 4.49 0.00

NS: No Stretching; SS: Static Stretching; DS: Dynamic Stretching; SDS: Static Stretching + Dynamic Stretching; DSS: Dynamic Stretching + Static Stretching; IL: Illinois test; 
CL: Sprint test. *p < 0.05 
Pearson´s correlation coefficient (*p < 0.05)

Discussion
The study looked at the effect of five different types of stretching after warming up before exercise on the 

results of motor tests of speed and agility. 
Table 1 shows that different protocols of stretching exercises have a statistically significant effect on the values 

of the Illinois test (p < 0.05). It was found that the best results were obtained with dynamic stretching and combined 
models with dynamic stretching (p < 0.05). Moreover, it is understood that the combined models of stretching 
exercises performed worse than dynamic stretching but better than static stretching. The study supporting our 
research (Cigerci et al., 2023) studied the acute effects of five different stretching protocols applied during the 
warm-up phase on speed and agility. Different stretching exercise protocols have a statistically significant effect on 
Illinois Agility and Reactive Agility values (p < 0.05). It was found that the best results were obtained with dynamic 
stretching, and there was also a significant difference in favour of dynamic stretching between dynamic stretching 
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and other protocols (p < 0.05). Combined stretching exercise models, on the other hand, seem to achieve worse 
results than dynamic stretching but better than static stretching.

Table 2 shows that different protocols of stretching exercises have a  statistically significant effect on the 
values of the 10 m sprint test (p < 0.05). It was found that the best results were obtained with no stretching. There 
was a significant difference in favor of DS among other protocols (p < 0.05). Moreover, it is understood that the 
combined models of stretching exercises performed worse than dynamic stretching but better than static stretching. 
The results of the study (Cigerci et al., 2023) showed that different stretching exercise protocols have a statistically 
significant effect on 10 m and 20 m running values (p < 0.05). It was determined that the best results were obtained 
with dynamic stretching and there was a significant difference in favour of dynamic stretching between dynamic 
stretching and other protocols (p < 0.05). In addition, it is understood that the combined stretching exercise models 
achieved worse results than dynamic stretching but better than static stretching.

Looking at the literature, although static stretching applied during the warm-up process has been reported to 
negatively affect agility, many studies show that static stretching increases flexibility (Aydin et al., 2019; O´Sullivan 
et al., 2009; Samson et al., 2012). Static stretching exercises have been reported to improve flexibility; flexibility can 
increase athletic performance and speed up recovery (Colby, 2007). In addition to this information, it should not be 
ignored in the literature that providing flexibility can protect athletes from injury (Gibson et al., 2019). The finding that 
the acute effect of static stretching has a negative effect on agility and sprint performance suggests that dynamic 
and static + dynamic stretching could be used to achieve better acceleration, speed, and agility performances 
during warm-up training in tennis players (Kilit et al., 2017).

The effects of static stretching after a dynamic warm-up on speed, agility and strength were investigated in 
a study involving male university students participating in team sports (Bishop & Middleton, 2013). Interestingly, 
the results showed that a routine with a combination of dynamic warm-up and static stretching led to a decrease 
in average performance in all performance measures; 20 m sprint and agility according to the Illinois test (Bishop  
& Middleton, 2013). Many researchers have shown that static stretching can limit strength, power, and speed 
(Bradley et al., 2006; Power et al., 2004; Samuel et al., 2008; Sayers et al., 2008; Steward et al., 2007; Yamaguchi 
& Ishii, 2005).

Results of the study (Miri-Khorasani et al., 2016) evaluating the acute effect of different warm-up stretching 
methods on the acceleration and speed of soccer players after different warm-up procedures using 10- and 
20-meter tests. There were also significant differences between combined stretching compared to static stretching 
and no stretching protocol.

Result of the study (Van Gelder & Bartz, 2011) evaluating the effect of static stretching and dynamic stretching 
on performance time in an agility test. These results suggest that compared to static and no stretching, dynamic 
stretching significantly improves performance in closed agility skills that involve.

The important factor is the total duration of each stretching exercise, not the number of repetitions in which the 
exercise is performed. The results of the study suggest that short-term static stretching (<30 seconds) can indeed 
improve acute speed performance (Avloniti et al., 2016).

Research aimed to evaluate the effects of different lengths of dynamic stretching on speed and agility in 
female gymnasts to compare how different lengths of dynamic stretching affect performance in these areas. From 
the results of the study, it can be conc concluded that dynamic stretching has a positive effect on speed and agility 
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in female gymnasts. Shorter stretching protocols (20 and 30 seconds) appear to be most effective for improving 
gymnastic performance (Dallas et al., 2019). 

Results of researching the acute effect of static stretching, dynamic exercise, and a combination of static 
stretching and dynamic exercise before a sporting event on performance in the vertical jump, medicine ball throw, 
10-yard sprint, and running speed in the shuttle run test in teenage athletes (15.5 ±0.9 years old) suggest that 
before a sporting event it can be for teenage athletes, who engage in performance activities, dynamic exercise 
or static stretching followed by dynamic exercise more beneficial than static stretching alone (Faigenbaum et al., 
2006). 

The aim (McMillian et al., 2006) was to compare the effects of dynamic warm-up with the effects of static 
stretching on selected indicators of strength and agility in cadets (14 women and 16 men aged 18–24 years from 
the United States Military Academy). Data analysis showed that after dynamic warm-up, participants had better 
performance scores in all three strength and agility tests (p < 0.01) compared to static stretching and no warm-up  
(p < 0.01). Dynamic warm-up methods are effective in improving performance (Fletcher & Anness, 2007; Hought 
et al., 2009; Little & Williams, 2006; Taylor et al., 2009; Young et al., 2004), but they are not as effective in increasing 
static flexibility compared to static stretching (Covert et al., 2010; O´Sullivan et al., 2009).

Conclusions
According to the information obtained from the studies, it can be said that the types of stretching performed 

during the pre-exercise warm-up can affect the performance of athletes. Small increases in athletes’ performance 
can sometimes reveal big differences that can affect competition results. Therefore, it is considered that attention 
should be paid to the selection of the types of stretching that will be applied in the warm-up section, taking into 
account the needs of the sports sector and the athlete. Dynamic types of stretching should be preferred over 
activities that require speed and strength. On the other hand, it is undoubtedly important to increase the athlete’s 
flexibility during these challenging movements and prevent injuries. For this reason, in order to increase the speed 
and agility of the athlete, a dynamic stretching method can be recommended as part of the warm-up, or a model 
of a combination of static stretching followed by dynamic stretching.
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Abstract Our study first examines the socio-demographic and psychological characteristics, and the practice of physical activities 
of the residents of a priority neighborhood of the local urban policy of the French northern mining basin. Second, this study seeks 
to identify the obstacles to exercise physical activity among the same residents, in order to propose an integrated solution for 
offering adapted physical activities. The field surveys collected socio-demographic data from 87 residents (M = 45.55, SD = 15.46 
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years; 67 women and 20 men) and measured physical activity level (Ricci and Gagnon test), well-being regulation (Diagnofeel) 
and motivational orientation (Motivational Orientation Questionnaire) through self-reported questionnaires. Our results allow 
us to distinguish two categories among these disadvantaged groups: an active and a non-active. We show that, apart from the 
regulation of well-being, the non-active group has the same characteristics as the active one along the other variables measured. 
Indeed, active people differ significantly from non-active people in their engagement in physical activity [t (85) = 4.29, p < 0.001] 
and pleasure [t (85) = 2.3, p = 0.024] to regulate well-being despite facing the same barriers and having similar needs as the 
general population. This is worth considering when developing physical activity engagement strategies and programs.

Key words: disadvantaged neighborhood, physical activity, motivational orientation, barriers

Introduction
Several arguments suggest that regular physical activity not only improves health by reducing the risk 

of chronic diseases, but it also reduces mortality (Cleland et al., 2014; Lee & Skerrett, 2001; Lee et al., 2012; Nyberg 
et al., 2025; Schwendinger et al., 2025). From a psychological perspective, studies show that engaging in physical 
activities increases participants’ well-being (Arent et al., 2000; Thomas et al., 2021; Herbert et al., 2022; Stevens 
et al., 2020) at all ages of life. This engagement also simultaneously generates an increase in positive emotions 
(Garn & Simonton, 2022). Thus, several measures such as the National Nutrition and Health Program, the National 
Plan for Prevention through Physical or Sports Activities, the Sport and Health and Wellness Plan have been set up 
by the political authorities to promote the practice of physical activity in France (Perrin, 2019). These programs use 
a practical and normative approach to counteract sedentary behavior (Perrin et al., 2021; Vieille-Marchiset, 2019). 
However, these programs do not allow all population groups, such as those living in the priority neighborhoods of the 
local urban policy, to have access to regular physical exercise (Honta, 2016). However, the priority neighborhoods 
of the local urban policy were defined and delimited by the 2014 programming law for the city and urban cohesion to 
provide more resources to regions with an average annual income of less than 11 250 euros per resident. In addition 
to this financial criterion, the priority neighborhoods of the local urban policy are characterized by high rates of job 
seekers, elevated school drop-out rates and people living below the poverty threshold (Vieille-Marchiset et al., 
2018). Despite these factors being considered politically at national and regional level, their action plans at times 
fail to reach the targeted residents in some priority neighborhoods of the local urban policy. This phenomenon can 
be explained by dispersed and therefore inefficient public action (Sallé et al., 2021), combined with the sedentary 
lifestyle residents of priority neighborhoods of the local urban policy are prone to lead (Honta, 2019).

Indeed, several studies show that such environments accumulate difficult social living conditions (Ternoy 
et al., 2021) for residents with little commitment to physical activity (Elhakeem et al., 2015; Gidlow et al., 2006; 
Degerlund Maldi et al., 2019; Sanz-Remacha et al., 2019; Williams, 2007). It now seems to be accepted that this 
low level of physical activity relates to unsuitable or ignored incentives, or that these incentives trigger resistance 
in disadvantaged populations (Vieille-Marchiset, 2019). These could be categorized in three levels of barriers 
(Sanz-Remacha et al., 2019). The first concerns personal barriers, including financial means, work, physical 
disabilities, illness, and psychological characteristics. The second type includes social barriers, e.g., problematic 
legacies of primary and secondary socialization (related to somatic culture, lack of social and family support). 
The third type refers to environmental barriers. In this regard, research have highlighted that open spaces, better 
street connectivity, communication between different agents (residents and community leaders); the involvement 
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of residents in planning their physical activity; and the use of individual strategies such as adapting the activities 
to the needs and capacity of the participants in order to increase the level of physical activity of people living in 
disadvantaged areas (Cleland et al., 2014; Pearce & Maddison, 2011). These studies show that people from an 
unfavorable social environment are at greater risk of leading a sedentary lifestyle. According to the World Health 
Organization (WHO), physical inactivity remains the fourth leading risk factor for mortality worldwide (De Souto 
Barreto, 2013). Indeed, in adults, increased sedentary time leads not only to an increased risk of mortality triggered 
by obesity (De Rezende et al., 2014) but also to elevated levels of anxiety and stress (Rebar et al., 2015).

There are undoubted harmful effects caused by a  sedentary lifestyle and a  strong link between social 
conditions, levels of physical activity and general health conditions on a  population level. Therefore, there can 
be no doubt about the vulnerable status of people living in the priority neighborhoods of the local urban policy. 
They are in fact the most exposed to inequality when it comes to accessing social health benefits, meaning the 
improvement of both the physical and psychological well-being of each person through individual recognition 
and social protection (Labbé et al., 2007; Paugam, 2008). And since physical activity helps to “sharpen the taste 
for life” and it strengthens self-esteem (Le Breton, 2003), it is also an important mean of improving the lives 
of disadvantaged populations. But this cannot be done unconditionally, i.e., without an adapted physical activity 
regime based on two principles: 1) detailed knowledge of vulnerable populations and 2) an understanding of the 
background of their limited involvement in physical activity. This paper follows these two principles by studying 
a disadvantaged neighborhood, Saint-Albert (Liévin), located in one of the most deprived areas in France. Thanks 
to the described scale and focus of the investigation, it is possible to examine the physical, psychological, and social 
characteristics of the residents. We wish to identify the obstacles that keep adult residents from engaging in physical 
activity in order to subsequently propose an integrated solution for offering adapted physical activity for the same 
group. Finally, our analyses highlight what uniquely characterizes sedentary and disadvantaged individuals: when it 
comes to their well-being regulation, they make significantly less use of physical activity and pleasure. In contrast, 
their need for practicing physical activity and the barriers that might be keeping them from doing so are the same as 
those observed in the general population.

Materials and Methods

Context of the study
The study was conducted in accordance with the Declaration of Helsinki and did not require ethical approval. 

Informed consent was obtained from all subjects involved in the study.
The study took place in the Saint-Albert neighborhood of a former mining town in the north of France where, 

especially until the end of the 1970s, all local life was linked to coal. Two-thirds of the area is classified as a priority 
urban zone (2014–2020) stretching across 120 hectares and inhabited by a  population of 2760. According to 
the National Institute of Statistics and Economic Studies (INSEE, 2019), the poverty line is 40%, more than 60% 
of low incomes are declared, a quarter of households are taxed and more than 90% of households rent. There are 
850 jobseekers, and 200 of them are under 26 years of age. The unemployment rate is around 35%. One of the 
explanations for this phenomenon is a low level of qualification, a legacy of a long history of the exclusive need 
for physical labor in the mining industry. The proportion of people with no qualifications exceeds 80% and only 5% 
of the residents have a qualification from higher (tertiary) education. Finally, available health care coverage is poor 
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(there are no general practitioners or private paramedical professionals) and the neighborhood has less than one 
sports facility per 1,000 residents (i.e., 2.5 and 4 times less than at the municipal and national levels, respectively). 
All these indicators show the clear vulnerability of residents of the Saint-Albert neighborhood and underscores the 
need for investigations like the one introduced in this article.

Participants

Number of respondents
The objective of our survey was to obtain at least 30% of responses from the population of the Saint-Albert 

neighborhood, meaning 532 participants, and therefore we mobilized an interviewer for several weeks and 
opted for the door-to-door technique. However, at the end of the two visits to the neighborhood we only reached  
87 respondents (10% of 865 respondents that we reached, See Figure 1).

Figure 1. Distribution of residents’ responses to participation in the survey or their unavailable/ absent status

Characteristics of participants
The 87 participants (20 men, 22.98%) with an average age of 45.55 ±15.46 years, ranging from 19 to 83 

years. They are distributed among different socio-professional categories: senior executives (2.23% here compared 
with 9.5% nationwide), intermediate professionals (8% compared with 14%), employees (35.6% compared with 
16%), workers (25.3% compared with 12%), pensioners (5.7% compared with 27%) and those without any 
professional activity (23% compared with 17%). As for the level of education, it varies between those with lower 
than a baccalaureate (40.23% here compared to 30% nationwide), those with a baccalaureate (26.44% compared 
to 17%), those with post-baccalaureate education (17.25% compared to 31%) and those with no degree from 
any institution of formal education (14.94% compared to 22%). The sample is composed of people displaying 
characteristics of their disadvantaged social backgrounds.

Measured parameters

Global questionnaire
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The global questionnaire integrates several categories of questions: socio-demographic questions, questions 
related to past physical activity practice and questions related to needs regarding physical activity practice and 
also barriers that might keep respondents from engaging. The questionnaire collected information on age, gender, 
occupation, degree obtained, past participation in the respective physical activity, screen time spent watching 
sports programs, needs and barriers.

The Ricci & Gagnon questionnaire (measuring physical activity levels)
The residents’ physical activity levels were measured using the Ricci & Gagnon questionnaire (n. d) modified 

by Laureyns & Séné. This tool, which has been validated for both sedentary and active people, consists of  
9 questions. On the basis of the response scores (ranging from 1 to 5), an overall score is calculated. A final score 
below 18 corresponds to a non-active status, a score between 18 and 35 corresponds to an active status and 
a score above 35 means that the participant is very active physically.

Measuring well-being regulation (Diagnofeel) 
The regulation of well-being was measured by the Diagnofeel questionnaire. It assesses the 5 regulation 

elements of well-being (IRFO, n. d), i.e., social relations, pleasure, physical activity, problem solving and 
psychological distancing. The Diagnofeel consists of 20 items to which participants respond by using a Likert scale 
ranging from 1 (strongly disagree) to 10 (strongly agree). Scores are then summarized by regulation elements, 
adding the scores of each associated item.

Regulatory Focus Questionnaire-Proverbs Form (RFQ-PF)
Self-reported and composed of two subscales related to promotion and prevention (Faur et al., 2017), the 

motivational orientation questionnaire contains proverbs (RFQ-PF). A  promotion orientation means that people 
are sensitive to gains and non-gains, setting action-oriented goals to achieve the desired results. A prevention 
orientation, on the other hand, means that people are sensitive to losses and non-losses, show less risk-tolerance 
and are motivated by psychological safety and stability. The questionnaire consists of 18 items (8 items relate 
to promotion and 10 to prevention orientation). Participants can respond on a Likert scale from 1 (not at all) to  
7 (perfectly). The determination of the promotion and prevention scores is based on mathematical equations (See 
the equations 1 and 2). Scores for items are summarized on each sub-scale, then divided by the number of the items 
on the respective subscale. Whichever sub-score is higher, determines the person’s orientation.
(1)	 Promotion = (item 1 + item 5 + item 7 + item 10 + item 12 + item 14 + item 15 + item 18) / 8
(2)	 Prevention = (item 2 + item 3 + item 4 + item 6 + item 8 + item 9 + item 11 + item 13 + item 16 + item 17) / 10

Procedure: field study and analytic strategy
A field survey was carried out in the Saint-Albert neighborhood from 18 June to 2 August 2019 (period before 

the Covid-19 pandemic). It involved going door-to-door along about 60 streets to seek out the residents of nearly 
865 homes. The administration of the questionnaires invariably followed this pattern: the participants first had to 
give their consent by signing the informed consent form and then agree to fill out the questionnaires (1) global 
questionnaire; 2) Ricci & Gagnon; 3) Diagnofeel; 4) RFQ-PF). A descriptive analysis was carried out based on the 
data collected by the global questionnaire. Two groups were formed a posteriori based on the participants’ scores 
on the Ricci & Gagnon questionnaire (active and non-active). Following the identification of the two groups, Student 
or Welch tests were used after checking the normality of the data and the homogeneity of the variances to compare 
the two groups using the JASP version 16.1 software. Specifically, a second analysis was carried out to compare 
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members of the active group based on their practice of physical activities being supervised or non-supervised. 
The significance level was set at p ≤ 0.05.

Results

Participants’ level of physical activity in the past and at the time of the survey
46 of our 87 participants had not practiced any physical activity in the past. Of these, 26 remained inactive at 

the time we conducted our survey. On the other hand, 41 participants had practiced in the past, out of which group 
17 became inactive. The Ricci & Gagnon results show an overall participants’ score of 19.55 ±7.89. This result might 
suggest that all participants are active at the time of the survey, yet examination of the individual scores reveals 
Ricci & Gagnon scores below 18. Based on a Ricci & Gagnon survey score, we distinguished 2 groups: an active 
group with a score of 26.07 ±5.28 and a non-active group with a score of 12.88 ±2.99. Furthermore, among the 
working people, 13 (29.55%) practice supervised activities (twice a week on average) and 31 (70.45%) practice 
unsupervised activities. Active people with club memberships play football, participate in weight training, fitness, 
Zumba, toning, badminton, cardio and dance. On the other hand, people who practice outside of clubs do bowling, 
walking, swimming, weight training and cycling. The characteristics of the active and non-active groups are shown 
in Table 1.

Table 1. The characteristics of the active and non-active sub-samples.

  Active (N = 44)  Inactive (N = 43) 

Age (M ±SD)  45.41 ±15.57 years  45.69  ±15.53 years 

Age range  19–81 years  23–83 years 

Gender (Women/Men)  34/10  33/10 

Unemployed  8 (for an average of 3.50 years)  6 (for an average of 2.31 years) 

Time spent watching sports on TV  2.67 ±2.19 hours  2.45 ±2.13 hours 

Participants with health problems  12  14 

Regulation of participants’ well-being
The comparison of active and non-active people in terms of well-being regulation (see Figure 2a) shows 

that, regardless of the group membership, social relations are the primary regulatory element. This is followed by 
psychological distancing, pleasure, problem solving and physical activity in last place. The results also indicate 
that the two groups differ significantly in their use of physical activity [t (84.39) = 4.3, p < 0.001] and pleasure  
[t (85) = 2.3, p = 0.024] to regulate their well-being. Indeed, active people make significantly more use of physical 
activity and pleasure to regulate their well-being than non-active people, who rather tend to use social relations and 
psychological distancing. A second level of analysis focused on the influence of the supervised or unsupervised 
nature of physical activities. People with club memberships use physical activity as their primary means of well-
being regulation. This is followed by psychological distancing, pleasure, social relations and finally, problem solving. 
In contrast, non-club practitioners use social relations as the first regulatory element before enjoyment, decision 
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making, problem solving and finally physical activity (see Figure 2b). Finally, the two groups utilize social relations 
differently: active people practicing outside of clubs make more use of social relations than their counterparts 
practicing in clubs, but this difference is not significant (p = 0.061).

Figure 2. Regulation of well-being according to the level of physical activity and the nature of physical practice. (a) Comparison 
between active vs. inactive people; (b) Comparison between active club practitioners and active non-club practitioners;  
* Significant difference

Motivational orientation
The motivational orientation scores for the active and inactive groups are –0.04 ±0.71 and –0.12 ±0.72, 

respectively. The comparison via t-test shows no significant difference (p = 0.6). Considering these results, it 
appears that participants would look at both losses and gains before engaging in physical activity. Finally, with 
specific regard to active people, the scores vary for club practitioners from –0.31 ±0.43 and 0.08 ±0.7 for non-club 
practitioners. 

Barriers and needs
Active and inactive people mention the same barriers overall (apart from the influence of the weather cited by 

active people and the lack of infrastructure cited by inactive people, see Figure 3). In detail, the barriers mentioned 
by the active group include lack of time, workload, health, financial means, lack of motivation, the weather, and no 
specific influence (nothing). The inactive share this last point as the influence of health, lack of time, work weight, 
insufficient motivation, insufficient financial means, lack of infrastructure, and no specific influence (nothing).
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Figure 3. Barriers to practicing physical activities reported by participants

Concerning the needs (meaning the requirements to be able to practice physical activities), the results show 
that some active people do not have any. However, other active people highlighted the need for infrastructure, 
sports associations, fitness classes, the means of transport to the places of practice. Concerning the non-active, 
some express no needs or demands. However, other non-active people express the need for better infrastructure, 
the establishment of fitness classes, financial aid, and the creation of sports associations (See Figure 4).

Figure 4. Requirements reported by participants as a function of their level of physical activity

Finally, we analyzed the results with a  focus on the group of active people. The two sub-groups (people 
practicing in a club and people practicing without a club membership) reported 1) different barriers (circumstances 
that keep them from practicing physical activities): “no specific barrier/ reason” (5 vs. 10), “work” (3 vs. 4), “time 
constraints” (2 vs. 11), “health problems” (1 vs. 3), “financial means” (1 vs. 1); 2) different needs/ demands for 
engaging in physical activities: “none” (6 vs. 12), “lack of infrastructure” (5 vs. 9), “lack of sports associations” (1 vs. 7),  
“fitness classes” (1 vs. 2).
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Discussion
Our study aimed to identify the characteristics of the residents of a disadvantaged neighborhood, the obstacles 

to their involvement in physical activity, and their specific needs. Our multidisciplinary team (psychologists, 
physiologists, and a sociologist) used a door-to-door survey approach for data gathering. We believe the above 
was needed to successfully approach the target group, to implement various measurement tools to circumvent two 
obstacles to social change: public action that is too sectorized and insufficiently coordinated (Sallé, 2021), and the 
inactive lifestyle characteristic of residents of priority neighborhoods of the local urban policy (Honta, 2019), which 
is exemplary in this respect (Saint-Albert).

First of all, we regret the low percentage of positive responses (10%) obtained during our surveys. This result 
could be explained by the remoteness, refusal or ignorance of the WHO recommendations concerning the practice 
of physical activity by the residents of the Saint-Albert neighborhood. Indeed, living under disadvantaged conditions, 
residents are less involved in physical activity, which is alarming, as inactivity is strongly linked with precariousness 
(Elhakeem et al., 2015; Gidlow et al., 2006; Degerlund Maldi et al., 2019; Sanz-Remacha et al., 2019; Williams, 
2007). The lack of interest on the part of residents remains a concern. These findings could be a base for proposing 
strategies to elevate engagement in physical activities in the underprivileged areas; as being physically active is 
not only an important determinant of health (Wilkinson et al., 2003) but also plays a major role in reducing health 
inequalities (Vuillemin, 2016).

The residents who agreed to participate in our study have, overall, a  level of physical activity at the lower 
end of the active population. Their levels of practice fail to meet the WHO recommendations, meaning they don’t 
get to enjoy all benefits of physical activities. However, a more detailed analysis shows that half of the participants 
are inactive. Moreover, of the active participants, only 1/3 were involved in supervised activities. This low level 
of practice among the residents of the Saint-Albert neighborhood confirms the results of previous studies which 
were carried out in disadvantaged neighborhoods, highlighting the low level of physical activity practice (Elhakeem 
et al., 2015; Gidlow et al., 2006; Degerlund Maldi et al., 2019). Apart from the social environment, which could 
explain the low level of residents’ physical activity, the barriers mentioned by the participants could shed further 
light on the phenomenon. In addition to the influence of the weather and the lack of infrastructure mentioned by 
the active and inactive population respectively, there are other barriers that seem to be common for both the active 
and inactive population. These include health problems, work as a discriminating factor, various shortages (of time, 
motivation, economic capital) and the constraints associated with childcare. These barriers are consistent with 
factors negatively associated with physical activity practice identified in a  seminal report (INSERM, 2014) and 
concur with findings from work examining disadvantaged (Sanz-Remacha et al., 2019) and non-disadvantaged 
populations (André & Agbangla, 2020). Thus, strategies to counteract these barriers are essential to increase 
the level of practice of vulnerable residents. A circumvention strategy can be used to reach people with health 
problems specifically, for example by prescribing therapeutic physical activity for them. However, such a strategy 
must be known and accepted by the users. And it is important to make sure this partially medicalized activity will not 
cause iatrogenic effects that might further distance disadvantaged populations from utilizing the provided programs. 
The sport and health facilities, installed in the regions since the beginning of the 2020s, may be an effective way 
to combat the sedentary lifestyle. We have also identified needs associated with infrastructure and availability 
of physical practice. This need reflects a lack and, perhaps, an inadequacy of planning policies that successfully 
facilitate access to priority neighborhoods of the local urban policy. This would potentially be an effective step to 
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combat constraints associated with lack of time, especially if these facilities host light and short forms of physical 
practice. In sum, the promotion of physical activity in an area where people are prone to lead sedentary lives, 
could be achieved by using two strategies: education, and modification of the physical and social environments. 
The educational strategy would aim to change beliefs, knowledge, behaviours, and individual resources to ultimately 
develop. As for the strategy of modifying the physical and social environment, its aim would be to develop and 
organize physical activities for the target population.

As for the motivational orientations, several uncertainties persist because of an absolute score very close to 0.  
Thus, the declared commitment would not be significantly linked to the fact of organizing oneself to avoid losses 
or to seek the gains of a practice. Overall, our results show that participants, regardless of whether they are active 
or inactive, fall into both the promotion and prevention categories. As for the regulation of well-being, our results 
showed that, overall, active and inactive participants regulate their well-being by using social relationships in the 
first place. This result confirms previous results, highlighting how social support makes it possible, under unstable 
circumstances, to recover a level of well-being (Binder & Coad, 2011; Sarason et al., 2021; Thoits, 2011; Turner, 
1981). Furthermore, participants seemed to signify the importance of psychological distancing, enjoyment and 
problem solving. This use of distancing and problem solving suggests ways of minimizing the intensity of stress, 
and thus the harmful effects of their experiences that affect their well-being. In contrast, the use of pleasure allows 
participants to connect to positive emotions. Finally, the participants mention the use of physical activities in the last 
place. This low use of well-being regulation could be explained by the fact that the residents of this underprivileged 
neighborhood have not developed physical literacy, i.e., knowledge that allows them to utilize publicly available 
sports opportunities in order to be able to benefit from them in terms of well-being regulation. Thus, when faced 
with situations that negatively impact their well-being, they mobilize this resource less. However, studies have 
showed a  relationship between physical activity and psychological well-being (Elvsky et al., 2005; Kahn et al., 
2002). Nevertheless, when we compare active club and active non-club practitioners, we find that active club 
practitioners use physical activity first, while active non-club practitioners use social relationships.

Our study has several limitations, some of which have already been noted. One of them is the size of the 
sample, which prevents any generalization or systematization. Moreover, the gender imbalance in our sample 
limited our ability to examine the evolution of the studied characteristics across genders. Future research should 
include a larger sample with similar profiles and compare it to a group of less disadvantaged individuals. Research 
techniques, other than door-to-door, should be used to widen the scope: the ethnographic approach offers this 
advantage, but it remains costly and extremely time-consuming (Demazière & Nuytens, 2018; Nuytens, 2011; 
Nuytens, 2014). A final well-identified limitation concerns the measurement of physical activity. Carried out with the 
help of self-reported questionnaires, this measurement involves a possible desirability bias that should be controlled 
by using, for example, more objective tools with actimeters.

Conclusions
Our study confirms that many residents of culturally and socially disadvantaged area stay away from 

physical activities. Literature and our surveys suggest that these people are caught in a  circle from which it is 
difficult to escape. Their primary and secondary socialization often causes several sedentary effects which are 
further worsened by fragmented and more or less ineffective local and national public policies. Breaking out 
of such a  set of circumstances implies building and exploring strategies for social change, behavioral change, 
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and engagement in physical activities. For a problem of this complexity, only the construction of an interventional 
and conditional physical activities program seems to provide a successful solution. For example, the effectiveness 
of a multicomponent strategy could be tested, by combining information actions such as neighborhood campaigns, 
support of the individual’s entourage, and setting up of physical activity slots in the neighborhood (Kahn et al., 2002).       

Consequently, this exploratory study should pave the way for further research, particularly aimed at enhancing 
the existing body of knowledge through future investigations conducted on larger and more representative samples.”
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Abstract Background and Study Aim: Recently, in Ukraine, along with the deterioration of health, there has been a decrease 
in the level of physical fitness of schoolchildren. Management of the process of physical education of schoolchildren is based on 
a system of control over the level of their physical fitness. Testing of physical fitness is an element of stage control both in the 
system of sports training and in the practice of physical education. In recent years, scientific literature and reports by researchers 
and practitioners have actively discussed the appropriateness of using movement tests to assess schoolchildren’s physical 
fitness during physical education. These discussions focus on the informational value of such tests in relation to physical health 
indicators, as well as the standards for interpreting the test results. 
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Purpose: to determine the dynamics of physical fitness of students of grades 5–9 during their studies at school.
Material & methods: 300 students of grades 5–9 of Lutsk comprehensive school No. 17 took part in the study. Nine control 
exercises were used to determine the level of physical fitness. The research was at the school stadium and in the school’s sports 
hall. We obtained parental consent for their children’s participation in the experiment.
Results: Studies have shown that children have an average level of physical fitness. A  low level of physical fitness was 
demonstrated during the endurance test. Below average physical fitness was found during the speed test and the long jump test 
while the sit up test demonstrated above average results.
Conclusion. The relevance of our research lies in the fact that it has revealed which physical qualities are underdeveloped in 
schoolchildren. This will help the physical education teacher to introduce appropriate adjustments to the pedagogical process to 
enhance the physical fitness of students.

Key words: physical education, students, speed, endurance, strength.

Introduction
In recent years, the special literature discusses the feasibility of using motor tests to monitor physical fitness 

(Aperman-Itzhak еt al., 2018; Grasten, 2017). The basis of the national system of physical education is a  set 
of indicators. It includes: the number of weekly physical activity, physical development, functional state of body 
systems, physical performance and motor skills (Baranowski, 2017; WHO, 2019).

This set of indicators can sufficiently characterize person’s physical condition (Greco еt al., 2019; WHO, 2019). 
It makes it possible to determine the viability of the human body and improve it through exercise (Hynynen еt al., 
2016; WHO, 2019). This is particularly relevant for assessing physical fitness (Andrieieva et al., 2020; Jongenelis 
еt al., 2018).

By choosing tests, you can determine the level of functioning of individual body systems (Drljačićеt al., 2012; 
Jongenelis еt al., 2018; Yelizarova еt al., 2020). Performing physical exercises in the classroom can influence the 
level of their functioning, and thus improving health (Minatto еt al., 2019; Yuksel, 2019; Andrieieva et al., 2019).

Basic physical abilities improve as the body grows and develops. Each of them has sensitive periods (Pbert 
et al., 2016; Panhelova & Tsapuk, 2018; Van de Kop et al., 2019). The processes of growth and development in 
adolescents are characterized by irregularity and fluctuation.  (Drozdovska еt al., 2020; Fedorov & Sharmanova, 
2004). This is an adaptation, the development of evolution (Tian et al., 2017; Krutsevich, 2003; Petrachkov et al., 
2022). The development of the child’s body directly depends on the activity of skeletal muscles. Also sufficient 
musculoskeletal activity or hypodynamics and hypokinesia, which inhibits this process (Hakman et al., 2020; 
To et al., 2019; Erhan & Tamer, 2017). A certain amount of muscular load is necessary for a  teenager not only 
for physical but also for intellectual development (Kuzmenko, 2013; Physical education curriculum for secondary 
schools. Grades 5 – 9. MONU). During the study, test tasks that were used have a high degree of reliability and 
informativeness (Mameshina еt al., 2015; Yarmak еt al., 2018).

The purpose of the study was to examine the dynamics of physical fitness among students in grades 5 to 
9 during their school years.
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Material and Methods
Participants: 300 schoolchildren (150 boys and 150 girls) of the 5th–9th grades of the Lutsk General Education 

School of the I–III degrees No. 17 took part in the study. The study was conducted at the school stadium and in the 
school’s sports hall.

The scientific research procedure was conducted in accordance with the ethical standards of the responsible 
human rights committee with the approval of the Department of Education and Science of the executive body of the 
Lutsk City Council and the written consent of the director of school and the parents of the respondents, which is 
confirmed by relevant documents.

Procedure: The research was conducted during the 2023–2024 academic year and consisted of three stages. 
At the first stage of the research, we analyzed the scientific and methodological and special literature. For control 
tests, a test battery was used to determine the level of development of various physical qualities, namely:

	– 30 m and 60 m sprint;
	– Steady running (1000 m and 1500 m);
	– Pull-ups on a horizontal bar (boys) and push-ups from a lying position (girls);
	– Handgrip dynamometry;
	– Sit-ups in 1 minute;
	– Standing long jump;
	– 4 × 9 m shuttle run;
	– Sit and reach test (forward bend from a sitting position);
	– Flamingo balance test.

All of students systematically took part in physical education classes twice a week. Control tests from the 
school physical education program for grades 5–9 were used, with the permission of the school doctor.

Reception of control exercises was carried out twice. Primary testing at the beginning of the school year – to 
determine the initial level of physical fitness of students in grades 5–9. Final testing – at the end of the school year 
to determine changes in the physical fitness of children during their studies.

The Eurofit test battery was used for the study (Drljačić et al., 2012; Fedorov et al., 2004; Yelizarova et al., 
2020). At the third stage, based on the use of the method of mathematical and statistical processing of the obtained 
data, we found out the level of development of the basic motor qualities of students of grades 5–9 and their dynamics 
during the academic year.

Statistical analysis: informed consent for participation in this experiment was obtained from all participants. 
Statistical processing of the study materials was conducted using Microsoft Excel 2010. The arithmetic mean and 
the bias of the arithmetic mean were calculated. The credibility of differences between sample rates was tested 
using the Student’s t-test and considered statistically significant at p > 0,05.

Results
To determine the physical fitness of adolescents, we used motor tests aimed at assessing each physical 

quality (Table 1, Table 2). In physical education and wellness training, it is important to cultivate the ability to exhibit 
speed in holistic motor activity. Speed is characterized by the ability to perform the maximum number of movements 
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over a period of time. This quality is extremely important in cyclic motor actions. Therefore, the speed study was 
based on the analysis of the dynamics of running adolescents 30 m, 60 m.

Table 1. Indicators of physical fitness of 5-th – 9-th grade boys (n = 150)

n Test
Before the experiment After the experiment Δx t p

X s X s
5th grade

1 30 m sprint (s) 6.70 1.36 6.30 0.3 0.1 0,04 < 0,05
2 Steady running 500 (m) 690 143 750 0.75 0.5 0,2 < 0,01
3

4

5

Pull-ups on a horizontal bar 7.52 1.18 8.63 0.73 0.01 0,69 < 0,05

Handgrip dynamometry 
Sit-ups in 1 minute

13,6

24.80

0,96

1.03

13,8

26,34

1,2

0,8

0,2

0,1

1,35

0.65

< 0,05

< 0,05

6 Standing long jump(c) 134.5 2.32 141.20 2.09 1.1 2,50 < 0,05
7 4 × 9 m shuttle run(s) 12.24 6.0 12.0 0.18 0.11 0,03 < 0,05

8
Sit and reach test (forward bend 

from a sitting position);(с)
3.4 0.52 3.6 0.73 0.1 0,9 < 0,05

9 Flamingo balance test 16 2.3 14 1.01 0.02 10,28 < 0,01
6th grade

1 60 m sprint (s) 6.29 0.15 6.0 0.2 0.2 0,04 < 0,05
2 Steady running 600 (m) 855 145 1000 0.34 0.3 0,1 < 0,01
3 Pull-ups on a horizontal bar 12.70 0.3 13.1 0.1 0.1 0.23 < 0,05
4

5
6

Handgrip dynamometry 4.03 0.4 4.7 0.2 0.4 1.19 < 0,05

Sit-ups in 1 minute
Standing long jump(c)

27.10
148.67

0.31
1.13

28.09
150.0

0.3
1.0

0.3
1.0

1,01
2.13

< 0,05
< 0,05

7 4 × 9 m shuttle run(s) 11.58 0.7 11.3 0.24 0.1 0,02 < 0,05

8
Sit and reach test (forward bend 

from a sitting position);(с) 3.67 0.24 4.11 0.08 0.1 2,07 < 0,05
9 Flamingo balance test 9 0,45 8 0.11 0.1 9,89 < 0,05

7th grade
1 60 m sprint (s) 6.06 0.4 5.9 0.1 0.1 0,03 < 0,01
2 Steady running 1000 (m) 4.36 0.32 5.8 0.26 0.2 0,22 < 0,05
3 Pull-ups on a horizontal bar 5.33 0.67 6.0 0.41 0.3 0,09 < 0,05
4

5
6

7

Handgrip dynamometry
Sit-ups in 1 minute

Standing long jump(c)

12.48

29.57
149,17

1.02

0.32
1.56

13.19

31.83
152,0

1.01

0.59
2,9

0.1

0.1
0,7

0,5

0,37
0,13

< 0,05

< 0,05
< 0,05

4 × 9 m shuttle run(s) 11,3 0.15 11.0 0.15 0.2 0,1 < 0,05

8

9

Sit and reach test (forward bend 
from a sitting position);(с)

Flamingo balance test

4.33

8

0.21

0.23

4.54

7

0.15

0.01

0.1

0.3

1,01

9.19

< 0,05

< 0,01
8th grade

1 60 m sprint (s) 9.6 0.2 9.4 0.3 0.3 0,2 < 0,05
2 Steady running 1500 (m) 7.6 0.3 7.30 0.2 0.1 0,2 < 0,01
3 Pull-ups on a horizontal bar 3.5 2.5 6.0 0.3 0.1 0,19 < 0,05
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4

5
6

Handgrip dynamometry
Sit-ups in 1 minute

19.98

32,63

1.3

0.15

21.27

33.96

0.2

0.46

0.1

0.1

0,1

0.1

< 0,05

< 0,05
Standing long jump(c) 160.19 0.5 162.0 0.8 0.3 0,3 < 0,05

7 4 × 9 m shuttle run(s) 11.15 0.55 11.0 0.1 0.1 0,2 < 0,05

8
Sit and reach test (forward bend 

from a sitting position);(с) 5.33 1.2 6.0 0.1 0.2 0,1 < 0,05
9 Flamingo balance test 7 0.14 6 0.1 0.2 6.93 < 0,01

9th grade
1 60 m sprint (s) 10.24 0.2 10.00 0.1 0.1 0,1 < 0,05
2 Steady running 1500 (m) 7.38 0.3 7.10 0.1 0.2 0,1 < 0,01

3 Pull-ups on a horizontal bar 
4.2 2.5

8.0 0.2 0.3 0,1 < 0,05

4

5
6

Handgrip dynamometry
Sit-ups in 1 minute

21.00

33,63

1.1

1,8

22.53

36,86

0.1

0.21

0.1

0.13

0,1

0.1

< 0,05

< 0,05
Standing long jump(c) 174.00 0.5 178.0 0.3 0.2 0,2 < 0,05

7 4 × 9 m shuttle run(s) 10.47 0.55 10.3 0.3 0.1 0,2 < 0,05

8
Sit and reach test (forward bend 

from a sitting position);(с) 6.23 1.2 7.0 0.2 0.3 0,1 < 0,05
9 Flamingo balance test 6 0.14 5 0.1 0.2 7.37 < 0,01

X – Arithmetic mean; s – Standard deviation; Δx – marginal sampling error for mean / confidence sampling error or marginal error; t – is Student’s t test

Table 2. Indicators of physical fitness of girls of 5th–9th grades (n = 150)

n Test
Before the experiment After the experiment

Δx t p
X s X s

5th grade
1 30 m sprint (s) 7.07 7.3 7.3 0.68 0.3 0,4 < 0,05
2 Steady running 400 (m) 648 53 700 0.1 0.2 0,2 < 0,01

3
Bending and extending the arms 
in a lying position 15.97 0.76 16.0 0.2 0.34 0,35 < 0,05

4 Handgrip dynamometry 5,55 1.03 6.17 0.56 0.02 1,12 < 0,05
5 Sit-ups in 1 minute 22.40 2.32 24.30 1.17 0.1 1,35 < 0,05
6 Standing long jump(c) 120.25 6.0 125.0 2.09 1.1 2,50 < 0,05
7 4 × 9 m shuttle run(s) 13.14 0.52 13.00 0.18 0.11 0,03 < 0,05

8
Sit and reach test (forward bend 
from a sitting position);(с)

4.4 2.22 4.9 1.11 0.2 2,27 < 0,05

9 Flamingo balance test 17 2.3 15 1.01 0.02 10,28 < 0,01
6th grade

1 60 m sprint (s) 6.29 0.15 6.0 0.2 0.2 0,04 < 0,05
2 Steady running 500 (m) 855 145 1000 0.34 0.3 0,1 < 0,01

3
Bending and extending the arms 
in a lying position 17.45 0.3 18.1 0.1 0.1 0.13 < 0,05

4

5

Handgrip dynamometry 15.23 0.12 16.17 0.01 0.01 0.05 < 0,05

Sit-ups in 1 minute 23.67 1.32 26.17 0.7 0.1 0,5 < 0,05

6 Standing long jump(c) 140.67 1.13 145.0 1.0 1.0 2,13 < 0,05
7 4 × 9 m shuttle run(s) 12.18 0.7 12.0 0.24 0.1 0,02 < 0,05

8
Sit and reach test (forward bend 
from a sitting position);(с)

4.67 0.24 5.01 0.08 0.1 2,07 < 0,05

9 Flamingo balance test 12 0.45 10 0.11 0.1 9,89 < 0,01
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7th grade
1 60 m sprint (s) 6.06 0.4 5.9 0.1 0.1 0,03 < 0,01
2 Steady running 1000 (m) 4.36 0.32 5.8 0.26 0.2 0,22 < 0,05

3
Bending and extending the arms 
in a lying position 18.05 0.1 20.0 0.2 0.1 0.3 < 0,05

4

5

Handgrip dynamometry 18.48 1.02 20.19 1.01 0.01 0,5 < 0,05

Sit-ups in 1 minute 25.15 0.2 26.15 0.2 0.4 0,1 < 0,05

6 Standing long jump(c) 146.17 1.56 149.0 2.9 0.7 0,13 < 0,05
7 4 × 9 m shuttle run(s) 12.15 0.15 12.0 0.15 0.2 0,1 < 0,05

8
Sit and reach test (forward bend 
from a sitting position);(с)

5.33 0.21 5.54 0.15 0.1 1,01 < 0,05

9 Flamingo balance test 9 0.23 9 0.01 0.3 9,19 < 0,01
8th grade

1 60 m sprint (s) 9.6 0.2 9.4 0.3 0.3 0,2 < 0,05
2 Steady running 1000 (m) 7.6 0.3 7.30 0.2 0.1 0,2 < 0,01

3
Bending and extending the arms 
in a lying position

19.98 1.3 21.27 0.2 0.1 0,1 < 0,05

4

5

Handgrip dynamometry 19.98 1.3 21.27 0.2 0.1 0,1 < 0,05

Sit-ups in 1 minute 31.45 0.1 32.18 0.1 0.1 0,1 < 0,05

6 Standing long jump(c) 149.17 0.5 155.0 0.8 0.3 0,3 < 0,05
7 4 × 9 m shuttle run(s) 12.0 0.55 11.30 0.1 0.1 0,2 < 0,05

8
Sit and reach test (forward bend 
from a sitting position);(с)

5.33 1.2 7.0 0.1 0.2 0,1 < 0,05

9 Flamingo balance test 9 0.14 8 0.1 0.2 6,93 < 0,01
9th grade

1 60 m sprint (s) 10.24 0.2 10.00 0.1 0.1 0,1 < 0,05
2 Steady running 1000 (m) 7.38 0.3 7.10 0.1 0.2 0,1 < 0,01

3
Bending and extending the arms 
in a lying position

21.03 0.3 22.26 0.1 0.1 0,1 < 0,05

4

5

Handgrip dynamometry 21.00 1.1 22.53 0.1 0.1 0,1 < 0,05

Sit-ups in 1 minute 31.10 1.1 32.02 0.2 0.2 0,2 < 0,05

6 Standing long jump(c) 160.00 0.5 163.0 0.3 0.2 0,2 < 0,05
7 4 × 9 m shuttle run(s) 11.37 0.55 11.0 0.3 0.1 0,2 < 0,05

8
Sit and reach test (forward bend 
from a sitting position);(с)

7.17 1.2 8.23 0.2 0.3 0,1 < 0,05

9 Flamingo balance test 7 0.01 6 0.1 0.2 0.37 < 0,01

X – Arithmetic mean; s – Standard deviation; Δx – marginal sampling error for mean / confidence sampling error or marginal error; t – is Student’s t test

The first and seventh tests were determined in seconds (seconds, s), the second – in meters (m), the third and 
fifth – in number of times, the fourth – in conventional units stronger hand, the sixth, eighth – in centimeters, the 
ninth test – in the number of attempts.

The increase in results in speed among boys occurs up to the 7th grade. Further deterioration of indicators is 
observed. A similar trend is observed among girls (Fig. 1).
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Fig. 1. Average speed indicators in children of 5th–9th grades, %

Endurance is characterized by a  person’s ability to perform work for a  long time without reduction its 
performance. Overall endurance is based on the functions of the aerobic system, which includes cardiovascular, 
respiratory and circulatory.

In general, boys have a tendency to increase in endurance results, in the representatives of 5th, 7th and 9th 
grades, followed by stabilization and even a slight deterioration of the indicators. Girls have a similar tendency, with 
the highest increase in results occurring in the 5th and 6th grade representatives (Fig. 2).

Fig. 2. Average indicators of the level of endurance in children of 5th–9th grades, %

Regarding the analysis of the results of students’ strength abilities, we observe the following trend. During 
the pull-up test on the horizontal bar, boys showed improved results up to the 7th grade.  A stabilization in strength 
development is observed in grades 7–8. From the 9th grade there is an increase in strength. In girls, there is an 
increase in strength to 9th grade (Fig. 3).



Ihor Bakiko et al.

54 Central European Journal of Sport Sciences and Medicine

Fig. 3. Average indicators of the level of strength in boys of 5th–9th grades, %

An analysis of the strength level of girls when performing arm bending and extending test is presented on 
(Fig. 4).

Fig. 4. Average indicators of strength level in girls of 5th–9th grades, %

It is established that the indexes of force (in particular – wrist dynamometry), in pupils of secondary schools 
of II and III degree are within the age norm and are estimated as average.

The results of the test «sit-ups» increase to the 6th–7th grade. A similar trend was found in the standing long 
jump. A moderate increase in speed-strength qualities is observed in boys in the 5th grade and in girls in the 9th 
grade. Boys show the most significant improvement in grades 8 and 10, while girls experience the greatest increase 
in grades 5–6. 

Analyzing the results obtained in the test «standing long jump» for both boys and girls, there is an increase 
with age.

The analysis of the 4 × 9 m shuttle run test results indicated that boys exhibited performance improvements 
through the 6th grade, followed by a decline in the 7th grade, and subsequent improvement between the 8th and 
9th grades. 
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A  similar trend is observed in girls. Increased dexterity occurs up to 6th grade. In the 7th–8th grades 
stabilization takes place. In the 9th grade there is an increase in performance. In the 9th grade it gets worse. 
The analysis of indicators of the level of agility in students during the test «4 × 9 m shuttle run» is presented.

Analysis of the flexibility of students during the test «push-ups from a lying position» found that the results 
improve until the 7th grade. From the 8th to the 9th grade there is a decline in results. 

The following trend is observed in girls. By the 7th grade there is an increase in flexibility. In the 8th and 
9th grades stabilization occurs. It is worth noting that the rates of flexibility in girls are higher than in boys. This 
phenomenon is natural.

The Flamingo balance test is intended to assess statistical equilibrium. The results of our research showed 
that the average student performs this exercise from 3 to 14 attempts. Boys perform better than girls.

Discussion
The study was based on the indicators of test exercises, which are provided in the curriculum for physical 

education for secondary schools, grades 5–9. We determined the level of physical fitness of students. It was found 
that students have an average rate of physical fitness when performing tests to identify the development of strength, 
agility, flexibility and statistical balance. A significant percentage of children who have a low level of physical fitness 
was demonstrated when taking an endurance test. Below the average indicator of physical fitness among students 
of 5th – 9th grades was found when passing the speed test and in the control exercise «standing long jump». When 
passing the test «side torso lifts », a  significant proportion of children showed above average level of physical 
fitness. No high level of physical fitness was found in any student.

The value of our study is that we identified which physical qualities are underdeveloped in schoolchildren. 
Therefore, in physical education lessons, teachers need to be given such exercises that would develop in children 
such motor skills as: endurance, speed and speed-strength abilities. The results of our research supplemented 
the data of Krutsevich (2003) on the periodic monitoring of the level of physical fitness of adolescents. It will 
allow the physical education teachers to see the shortcomings in the physical fitness of students and, if possible, 
individually plan physical activity, realistically assess the level of achievement and systematically adjust them. And 
for students it should be a stimulus of motivation for self-improvement of their physical abilities. Kuzmenko (2013) 
suggested reviewing the tests and requirements for them. The endurance test generally does not take into account 
time, for students of 5th–6th grades. Therefore, it is quite difficult to assess this quality in students. We share this 
view. Mameshina (2015) suggests that there is an urgent need today to develop a system of tests and standards 
of physical fitness for students. Test exercises must meet the age and appropriate standards of physical fitness. 
They should focus on a «safe» level of physical health. We support this view.

The results of other studies by Rodríguez. (2025) indicate that 41–44% of schoolchildren are characterized by 
a low level of physical fitness, and 33–34% – a very low level of physical fitness. Only 2% of students have a good 
level of physical fitness. Today, the physical fitness of students is at a  low level. A particularly significant lag is 
observed in tests related to the manifestation of speed abilities and speed endurance. These students cannot fulfill 
the minimum regulatory requirements of the school program in physical education and quickly get tired, have lower 
functional abilities of the body.
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Conclusions
The relevance of our research lies in the fact that it has revealed which physical qualities are underdeveloped 

in schoolchildren. This will help the physical education teachers to introduce appropriate adjustments to the 
pedagogical process to enhance the physical fitness of students.

Thus, studies have shown that children have an average level of physical fitness when performing tests to 
identify strength, agility, flexibility, and statistical equilibrium. A significant percentage of children with low fitness 
levels have been demonstrated with the endurance test. Below the average of physical fitness among students 
of 5th – 9th grades was found when passing the speed test and in the control exercise «standing long jump». 
When taking the «sit-up» test, a significant proportion of children demonstrated above average fitness. No high 
level of physical fitness was found in any student. The differences we have found in the level of motor performance 
are the basis for introducing a differentiated approach to the students in determining the optimal physical activity, 
volume and intensity of exercise for shaping a healthy lifestyle of students.
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Abstract Introduction: Anterior Cruciate Ligament Rupture (ACLR) in athletes tends to increase annually. Maximal Oxygen 
Consumption (V ̇O2 max) and Body Composition (BC) characteristics influence athletic performance. Purpose: The aim of this 
study was to analyse the correlation between oxygen consumption and body composition in professional soccer players and 
non-athletes with and without anterior cruciate ligament rupture. Methods: A  Cardiopulmonary Exercise Testing (CPET) was 
performed to measure the cardiorespiratory capacity of 15 professional soccer players (1 ACLR), age 22.47 ±3.16 years, weight 
74.69 ±6.04 kg, height 177.97 ±6.85 cm and 22 non-athlete participants (7 ACLR), age 22.27 ±3.09 years, weight 68.1 ±10.28 kg, 
height 172.44 ±5.66 cm. Results: Soccer players had higher VO2 values (L/min) than non-athletes 3.55 ±0.33 vs. 3.23 ±0.38 (p 
< 0.05). Heart rate (/min) was significantly higher in non-athletes than in soccer players 184.35 ±14.11 vs. 182.91 ±14.04. In the 
non-athletes group (CG), participants without ACLR had higher VO2/kg (ml/min/kg) than ACLR. Conclusion: Most of the body 
composition variables correlated significantly with V ̇O2Peak (L/min) in both groups. These results demonstrate that an adequate 
body composition influences the oxygen consumption capacity of professional soccer players and non-athletes, this is relevant 
in athletes because as stated in previous studies, fatigue is a risk factor for ACL injury.

Key words: sports performance, return to play, knee injury, ergospirometry

Introduction
Several studies highlight the high rate of ACLR in professional soccer players (Balendra et al., 2022; 

Forsythe et al., 2021; Waldén et al., 2016) and an annual increase in this injury has even been reported in Major 
League Soccer between 1996 and 2012 (Erickson et al., 2013). ACLR is common among knee injuries suffered 
by professional soccer players, as well as in other sports, threatening the careers of many athletes (Balendra 
et al., 2022; Erickson et al., 2013). The surgical procedure is usually used to reconstruct the ACL and advanced 
rehabilitation procedures allow players to return to sports practice at specific times (Balendra et al., 2022), Using the 
Knee Injury and Osteoarthritis Outcome Score (KOOS), it was reported that after six months the scores stabilised, 
which could indicate that this period of time would be sufficient to return to play (Zaffagnini et al., 2014), but some 
complications can prolong the stages of rehabilitation and return to play between 9 to 12 months (Balendra et al., 
2022; Zaffagnini et al., 2014; Waldén et al., 2016; Erickson et al., 2013; Kyritsis et al., 2015; Ardern et al., 2014; 
Grassi et al., 2020) and even 4% or 5% returned up to two or three years after the injury (Forsythe et al., 2021). 
Furthermore, it is common for athletes to develop abnormal patterns of strength, proprioception, balance, and 
neuromuscular control after ACL reconstruction (Dai et al., 2014), adding to the increased risk of chronic knee 
instability, meniscus injury, cartilage injury, and the development of osteoarthritis (LaBella et al., 2014; Waldén et al., 
2016; Erickson et al., 2013).

High values of V ̇O2 max can delay the onset of fatigue capable of affecting neuromuscular control (Khalid 
et al., 2015). V ̇O2 max is considered a  reliable method to evaluate aerobic capacity, which is essential for the 
performance of soccer players and their rapid recovery capacity post-competition (Marcos et al., 2018; Tonnessen 
et al., 2013; Aksoy et al., 2022; Modric et al., 2020). 
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Average V ̇O2 max values are between 50 and 75 mL*kg-1*min-1 necessary for the aerobic capacity demands 
in men’s professional soccer (Tonnessen et al., 2013; Modric et al., 2020). In moderate altitude conditions, values 
of 50 ±6.9 mL*kg-1*min -1 were reported in 1106 soccer players evaluated between 1998 and 2014 (Roa et al., 
2015).

The development of aerobic capacity is essential for rapid post-competition recovery (Aksoy et al., 2022), 
the effort during a soccer match can generate an inflammatory response due to muscle damage and consequently 
reduce performance for 24 to 72 hours, according to the role of the player (Poulios et al., 2018), it has been 
considered that aerobic capacity may be a  risk factor for injury because fatigue and inadequate recovery alter 
muscle control patterns and predispose individuals to possible injuries (Watson et al., 2017). On the other hand, it 
has been suggested that body composition may be associated with the risk of injury (Watson et al., 2017), and has 
an influence on aerobic capacity, which may also vary according to the playing position (full-backs, midfielders, 
attackers, central defenders, goalkeepers), the moment of preparation in which it is measured (preseason, season, 
end of season), the level of the players (professionals or third to fifth division) (Marcos et al., 2018), or after an ACL 
injury (Almeida et al., 2018). The aim of this study was to analyse the correlation between oxygen consumption 
and body composition in professional soccer players and non-athletes with and without anterior cruciate ligament 
rupture.

Methods

Selection of participants
Participants were selected by non-probabilistic sampling and distributed into two groups:  Professional Soccer 

Players (SPG) (n = 15, age 22.47 ±3.16 years, the sporting age was 16.8 ±2.7 years, they compete in the highest 
level tournaments of Colombian soccer on average twice a week: Colombian professional league and Colombian 
cup, some have competed in clubs in other countries and were called up to the national team for the U20 world 
championships. They train on average 30 hours per week), and healthy non-athletic participants (CG) (n = 22, 22.27 
±3.09 years) were included. 

The study was approved by the Research Committee on 7 December 2020, Act 145 of the Universidad de 
Ciencias Aplicadas y Ambientales U.D.C.A. The participants in both groups signed an informed consent form. 
Inclusion and exclusion criteria for participants were: being over 18 years old with or without a history of ACLR. When 
they reported an ACLR, they were required to have completed rehabilitation and have medical approval to return to 
sports activity. In CG, physical activity levels were estimated with the International Physical Activity Questionnaire 
(IPAQ) short version (Craig et al., 2003). People were excluded if: a) they report a history or suffer from neurological, 
motor (neuromuscular) or cognitive disorders, b) they have a BMI >35, c) they report any cardiovascular alteration, 
d) inability to perform the test, e) or without medical endorsement for return to normal physical practice.

Data collection
Before the test, participants were asked to avoid high-intensity exercise or training 24 hours before the test, 

to avoid drinks with caffeine or alcohol on the day of the test, and to wear comfortable sports clothing and shoes 
for the test.
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Anthropometric height measurements were taken from the participants with a  Seca 213 Stadiometer 
(Measuring range 20–205 cm, Hamburg, Germany) and body composition by Bioimpedance with the Tanita BC-
1500 scale (maximum capacity 150 kg d = 0.1 kg, Japan). All tests were carried out in one week, soccer players 
(SPG) were evaluated at the beginning of the 2022-2 pre-season, on one day starting at 8:00 am and ending at 
4:00 pm. The non-athletic individuals (CG) were evaluated for three days at the same time as the soccer players. 
The tests were carried out by the same researchers (JB, JR, NO, AS, CS), who have the expertise to use the 
instruments and carry out the measurements.

The test was carried out in the laboratory at room temperature 16–18º C, relative air humidity ≈ 60%, 
barometric pressure between 690 to 710 mmHg and 2600 m altitude (moderate altitude), Bogotá, Colombia. 
The amount of oxygen (O2) consumed, carbon dioxide (CO2) produced, and lung ventilation (VE) were measured 
breath-by-breath with a  Metalyzer 3B computerized gas exchange analysis system (Cortex Biophysik GmbH, 
Leipzig, Germany) and were analyzed with the Metasoft™ program. Before each test, the Cortex unit was calibrated 
with a previously known gas sample (16% O2 and 5% CO2). 

Cardiopulmonary Exercise Testing (CPET) was performed using a motorized treadmill, maintaining an incline 
of 1%, the test included three phases: 1) a 3-minute warm-up walking at 4 km*h-1, 2) the exercise began at 4 km*h-1 
followed in increments of 1 km*h-1 every 90 seconds until exhaustion. Verbal encouragement was used at the end 
of the test. 3) The recovery phase was 3 minutes of walking at 4 km*h-1. Heart rate was measured with a Polar band 
linked to Metasoft™ software.

Criteria for reaching V ̇O2 max it is: a) voluntary exhaustion, b) reaching at least 90% ±5% of the maximum 
heart rate (Midgley et al., 2007), c) rate of respiratory exchange greater than 1.15, d) V ̇O2 max identified by the 
plateau phase (difference between the last stages < 0.05 L*min -1) and confirming that V ̇O2 max increase was less 
than 2 ml/kg/min between two consecutive stages at peak exercise (Neto et al., 2022).

V ̇O2  max was quantified by a  sports physician (CS). Ventilatory thresholds (VT1) were determined when 
the lowest ventilatory oxygen equivalent (VE/V ̇O2) was observed before its continuous increase, and the lowest 
end-tidal oxygen pressure (PETO2) before its continuous increase. The ventilatory threshold (VT2) was determined 
when the lowest ventilatory carbon dioxide equivalent (VE/VCO2) was observed before its continuous increase and 
the highest expiratory carbon dioxide pressure (PETO2) before the abrupt fall (second inflection point of the curves 
in progressive exercise). This is the transition between stable and heavy rhythms (Almeida et al., 2018).

Analysis of Ventilatory Thresholds
Anaerobic threshold (AT) values were determined using the V-Slope method (Lin et al., 2020). The AT was 

identified at the intersection of the two straight lines describing the relationship between carbon dioxide production 
(VCO2) and oxygen consumption (V ̇O2). The determination is performed through regression analysis, where 
the point of intersection of the regression lines are systematically moved across the data range. The final AT is 
designed at the location where the remaining sum of squares is minimized (Santos & Giannella-Neto, 2004). This 
method allows for a precise and objective identification of the metabolic transition point during incremental exercise, 
providing insights into the physiological threshold between aerobic and anaerobic metabolism. 

Statistical analysis
The data were processed with IBM SPSS Corp. 2017. IBM SPSS Statistics for Windows, Version 25. 

The Shapiro-Wilk test verified the normal distribution of the data. The Student T test for independent samples 
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allowed us to compare the averages of both groups in each variable, the Mann-Whitney U test for independent 
samples was used in the variables that did not have a  normal distribution (non-parametric test). The Pearson 
test was used to establish the correlation between the variables with normal distribution in consistency with the 
ranges of 0 null, between 0.01 to 0.20 low; 0.21 to 0.40 weak; between 0.41 to 0.60 average; between 0.61 to 0.80 
medium-high; between 0.81 to 0.99 high, 1 perfect, regardless of whether it is positive or negative. Spearman’s rank 
correlation coefficient (non-parametric) was used for variables without normal distribution.

Results
Thirty-seven participants (n = 37) were evaluated, distributed in a group of professional soccer players (SPG) 

n = 15 (14 without ACLR, 1 ACLR), age 22.47 ±3.16. years, weight 74.69 ±6.04 kg, height 177.97 ±6.85 cm, and the 
control or non-athlete group (CG) n = 22 (15 without ACLR, 7 ACLR), age 22.27 ±3.09 years, weight 68.1 ±10.28 
kg, height 172.44 ±5.66 cm. In the CG, the results of the IPAQ questionnaire showed an average of 356.46 ±187.74; 
294.86 ±88.14 and 294.03 ±108.31 min of intense and moderate physical activity and time spent walking per week 
respectively, while the sitting time on a working day was 184.45 ±117.44 minutes. 

The normality of the data in each variable was checked with the Shapiro-Wilk test in SPSS, α = 0.05 (5%) was 
established. Twenty-eight variables were analysed that describe the general characteristics, body composition and 
cardiorespiratory capacity of the participants. Eight variables did not have a normal distribution: age (yrs), body fat 
mass (kg), visceral fat rating, V ̇O2/HR (ml), HR (min), Vmax. (km/h), VT (L), FR (min), these data were analysed with 
non-parametric tests, the results are shown in Table 1.

Table 1. Comparison of non-normally distributed variables in both groups (mean ± standard deviation).

Variables SPG (n = 15) CG (n = 22) p-value
Age (yrs) 22.47 ±3.16 22.27 ±3.09 0.658 NS
Body fat mass (kg) 11.21 ±3.88 10.36 ±4.52 0.262 NS
Visceral fat rating 2.67 ±1.59 2.43 ±1.71 0.366 NS
V̇O2/HR (ml) 19.61 ±4.76 19.27 ±4.6 0.002*
HR (/min) 182.91 ±14.04 184.35 ±14.11 0.002*
Vmax (km/h) 15.12 ±1.22 15.08 ±1.21 0.319 NS
VT (L) 2.6 ±0.4 2.61 ±0.38 0.963 NS
RF (/min) 57.43 ±13.26 56.81 ±12.84 0.127 NS

Asymptotic significance is shown. The significance level is 0.05. * The exact significance for this test is shown. NS: Not Significant. V ̇O2: Oxygen Consumption. HR: Heart Rate. 
V: Velocity. VT: Ventilatory threshold. RF: Respiratory Frequency. 

The Mann-Whitney U-test for independent samples showed that V ̇O2/HR (ml), and HR (/min) had significant 
differences. The characteristics of the variables in each group are shown in Table 2.
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Table 2. Comparison of variables among SPG and CG groups (mean ± standard deviation).

Variables SPG (n = 15) CG (n = 22) p-value Mean difference
Weight (kg) 74.69 ±6.04 68.1 ±10.28 0.033* 6.582
Height (cm) 177.97 ±6.85 172.44 ±5.66 0.011* 5.530
BMI (kg/m2) 24.11 ±1.94 22.9 ±2.66 0.142 NS 1.209
Body fat (%) 14.87 ±4.5 13.91 ±5.12 0.561 NS 0.960
Fat-free mass (kg) 63.48 ±5.12 57.9 ±7.35 0.016* 5.575
Body water (%) 61.03 ±3.41 62.05 ±4.35 0.456 NS –1.012
Body water mass (kg) 45.51 ±3.62 42.00 ±4.46 0.016* 3.511
Muscle mass (kg) 60.34 ±4.89 55.39 ±6.55 0.018* 4.954
Bone mass (kg) 3.17 ±0.23 2.93 ±0.31 0.020* 0.235
BMR (kcal) 1879.6 ±144.49 1729.95 ±203.16 0.019* 149.645
V̇O2Peak (L/min) 3.55 ±0.33 3.33 ±0.34 0.056 NS 0.226
V̇O2 (L/min) 3.55 ±0.33 3.23 ±0.38 0.013* 0.321
V̇O2/kg (ml/min/kg) 48.2 ±3.09 48.27 ±4.84 0.959 NS –0.072
Duration (min) 20.7 ±1.17 21.32 ±1.84 0.262 NS –0.616
VE/V̇O2 42.36 ±4.6 40.91 ±4.19 0.328 NS 1.448
VE/VCO2 35.09 ±2.8 36.83 ±2.86 0.076 NS –1.743
RER 1.2 ±0.05 1.11 ±0.05 0.000* 0.087
VE (L/min) 159.38 ±20.2 144.04 ±19.22 0.025* 15.341
VT1 (L/min) 2.17 ±0.38 1.97 ±0.32 0.104 NS 0.197
VT2 (L/min) 2.86 ±0.36 2.85 ±0.39 0.934 NS 0.010

Note: * There are significant differences p < 0.05 between groups using T for independent samples. The duration of the test includes the three phases (warm-up, exercise, 
recovery). NS: Not Significant. BMI: Body Mass Index. BMR Basal Metabolic Rate. V ̇O2: Oxygen consumption. VE/V ̇O2: Ventilatory Oxygen Equivalent. VE/VCO2: Ventilatory 
Carbon Dioxide Equivalent. RER: Respiratory Exchange Ratio. VE: Lung Ventilation. VT: Ventilatory threshold.

The SPG had greater height (cm) and body weight (kg) than the CG. In the body composition variables, there 
were also significant differences that demonstrate the effects of systematic training in soccer players: greater fat-
free mass (kg), body water mass (kg), muscle mass (kg), bone mass (kg), basal metabolic rate (kcal) compared to 
CG.

There were no significant differences between the groups in BMI, body fat (%), and body water (%), V ̇O2Peak 
(L/min), V ̇O2/kg (ml/min/kg), Vmax (km/h), duration (min), VE/V ̇O2, VE/VCO2, VT (L), RF (/min), VT1 (L/min), VT2 (L 
/min). There were significant differences in V ̇O2 (L/min), V ̇O2/HR (ml), and VE (L/min) where the SPG results were 
superior to the CG. The only variable in which CG had a statistically significant higher value compared to SPG was 
HR (/min).

In SPG, one participant had ACLR in the working leg (right) when he was 22 years old. The athlete underwent 
reconstruction surgery and carried out the physical rehabilitation process for 6 to 9 months until returning to 
professional sports practice. He reported pain and inflammation as symptoms after the ACL injury, in addition, he 
had a meniscus injury before the ACL injury. This soccer player reached 3.73; 47; 15 and 20.33 in V ̇O2Peak (L/min), 
V ̇O2/kg (ml/min/kg), Vmax (km/h) and duration (min), respectively.

On the other hand, in the CG seven participants had ACLR: age 24.28 ±3.8 years, height 174.78 ±5.1 cm, 
weight 70.71 ±3.9 kg, age at which the injury occurred 20.42 ±2.3 years. All underwent reconstruction surgery and 
completed physical rehabilitation for 1 to 3 months (n = 3) and >3 to 6 months (n = 4). In addition, they reported 
medial collateral ligament injury (n = 3) and internal and/or external meniscus injury (n = 2) associated with the 
ACLR. The mechanism of injury was non-contact during a soccer game (n = 6) and contact (n = 1). Participants with 
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ACLR recorded 3.22 ±0.2; 44.86 ±2.7; 14.57 ±1.1 and 20.51 ±1.3 in V ̇O2Peak (L/min), V ̇O2/kg (ml/min/kg), Vmax 
(km/h) and duration (min), respectively.

The CG results were compared between participants with and without ACLR (Table 3).

Table 3. Comparison between participants with and without ACLR in the CG (mean ± standard deviation).

Variables ACLR (n = 7) No ACLR  (n = 15) p-value
V̇O2Peak (L/min) 3.22 ±0.02 3.37 ±0.16 0.33 NS
V̇O2/kg (ml/min/kg) 44.85 ±7.4 49.86 ±23.4 0.01*
Duration (min) 20.5 ±1.7 21.7 ±3.9 0.16 NS
VT1 (L/min) 1.91 ±0.05 2.07 ±0.13 0.54 NS
VT2 (L/min) 2.74 ±0.02 2.89 ±0.2 0.4 NS

Note: * There are significant differences p < 0.05 between groups using T for independent samples. NS: Not Significant. V ̇O2: Oxygen consumption. VT: Ventilatory threshold.

The only variable in which there was a significant difference when comparing CG participants with or without 
ACL injury was relative oxygen consumption, where the result was higher in participants without ACL injury. In the 
other variables, the data are higher in the group without ACL injury, although the differences are not statistically 
significant.

Pearson’s correlation test (p ≤ 0.05) was used to find the correlation between normally distributed variables 
(Table 4).

Table 4. Correlation study oxygen consumption and body composition variables in both groups.

Groups 
V̇O2Peak

SPG (n = 15)
V̇O2Peak

CG (n = 22)
Variable r r

Weight (kg) 0.709** 0.761**
Height (cm) 0.621* 0.461*
BMI (kg/m2) 0.153 0.710*
Body fat (%) 0.033 0.345
Fat-free mass (kg) 0.690** 0.799**
Body water (%) –0.079 –0.416
Body water mass (kg) 0.671** 0.753**
Muscle mass (kg) 0.686** 0.756**
Bone mass (kg) 0.729** 0.750**
Basal metabolic rate (kcal) 0.679** 0.776**

**. The correlation is significant at the 0.01 level (two-sided).
*. The correlation is significant at the 0.05 level (two-sided).

Both SPG and CG groups had significant correlations between V ̇O2Peak (L/min) and body composition 
variables. These results demonstrate that proper body composition is important for efficient oxygen consumption. 
The significant correlations found in each group are represented in the graphs below. 
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Fig. 1. Correlation between V ̇O2Peak (L/min) and body composition variables SPG.

In SPG there was a medium-high correlation between V ̇O2Peak (L/min) and weight (kg), height (cm), fat-free 
mass (kg), body water mass (kg), muscle mass (kg), bone mass (kg), BMR (kcal).
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Fig 2. Correlation between V ̇O2Peak (L/min) and body composition variables CG.

In CG there was a  medium correlation between V ̇O2Peak (L/min) and height (cm), and a  medium-high 
correlation between V ̇O2Peak (L/min) and weight (kg), BMI (kg/m2), fat-free mass (kg), body water mass (kg), 
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muscle mass (kg), bone mass (kg), BMR (kcal). These results demonstrate that body composition variables can 
affect oxygen consumption capacity in professional athletes and non-athlete participants.

Discussion
The purpose of this study was to analyse the correlation between oxygen consumption and body composition 

in professional soccer players and non-athletes with and without anterior cruciate ligament rupture. According 
to the literature consulted, ACLR is caused by multiple factors including body composition (LaBella et al., 2014). 
Evaluating physical aspects in Colombian professional soccer players allows the characterisation of fundamental 
parameters (Blanco-Espitia et al., 2023), revealing distinctive physical characteristics of Latin American professional 
soccer players in comparison with their European peers (Da Silva et al., 2008). Comparative studies in professional 
soccer have shown variations in body fat percentages in different populations (Burns et al., 2018). Slimani  
& Nikolaidis (2019) identified body fat percentages of 11.2 ±4.3 % in healthy Icelandic first division soccer players, 
this percentage is lower than the result of the professional soccer players in this study (14.87 ±4.5%). Almeida 
et al. (2018), reported body fat percentages of 14.9 ±5.4 % for athletes with ACL rupture and 12.8 ±4.0 % for 
healthy athletes, these data are lower compared to the results of this study, whereas the soccer player with ACLR 
had 19.2% and healthy athletes had 14.6 ±4.5% body fat, highlighting significant variations in body composition 
between professional soccer players.

The relationship between body composition and cardiorespiratory fitness in population aged 18–70 years from 
Tehran, Iran was investigated by Davarzani et al. (2020) who found that participants with higher level of physical 
activity had significantly higher mean lean body mass (p < 0.001), right (p < 0.001) and left (p < 0.001) arm lean 
mass, skeletal muscle mass (p < 0.001) and bone mineral content (p < 0.001). They also found a significant negative 
relationship between physical activity level and fat mass (p = 0.002), body fat percentage (p < 0.001), visceral fat 
area (p = 0.001) and trunk fat (p = 0.005), demonstrating the lower amount of fat in the high physical activity group.

On the other hand, Robles Pino et al. (2019) in the analysis of the players of the U22 Peruvian national soccer 
team in 2015 found a positive correlation between VO2 max and relative muscle mass (Spearman’s Rho = 0.65;  
p < 0.001) and a negative correlation with relative adiposity (Spearman’s Rho = –0.48; p = 0.018). While Castiblanco 
Arroyave et al. (2020) found a statistically significant correlation between cardio respiratory capacity, BMI and fat 
percentage in university athletes from Manizales (Colombia).

In the analysis of V ̇O2 max, Slimani & Nikolaidis (2019) it was reported 59.2 to 66.6 ml/kg/min and 57.8 to 61.7 
ml/kg/min in healthy elite and amateur male soccer players respectively. These data are higher than the results of the 
healthy soccer players in this study 48.3 ±3.2 ml/min/kg. Likewise, Almeida et al. (2018), reported a V ̇O2 max of 48.9 
±3.8 ml/kg/min and 56.9 ±4.2 ml/kg/min in Brazilian soccer players with RLCA and healthy players respectively, 
these data exceed the results of the soccer player with RLCA in this study 47 ml/ min/kg and healthy athletes 48.3 
±3.2 ml/min/kg. However, the results of this study are close to the average of 50 ±6.9 mL*kg-1*min –1 reported in 
the measurements of soccer players between 1998 and 2014 in the Coldeportes Exercise Physiology Laboratory in 
Bogotá (Roa et al., 2015), although it is unknown at what time of the season the measurements were made. While 
Blanco-Espitia et al. (2023) reported V ̇O2 max values of 53.2 ±4 ml/kg/min in 39 professional soccer players from 
Bogota estimated with the Leger test. Thus, information about oxygen consumption in soccer players at average 
height remains scarce and more studies are required to compare data at each stage of training.
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Castagna et al. (2013) determined that the aerobic capacity necessary to meet the minimum requirements in 
men’s professional soccer is 60 ml/kg/min, this value is higher than the result of the soccer players in this study 48.2 
±3.09 ml/min. kg/min. Therefore, soccer players require optimal aerobic capacity to sustain high-intensity repetitive 
actions, speed up recovery processes and maintain their physical performance during the competition time, which 
would be at least 90 minutes (Bangsbo, 2014; Faustino-da-Silva et al., 2020).

In the study by Teixeira et al. (2018) thresholds were measured in a maximum incremental exercise test on 
a motorized treadmill, reporting a VT1 = 2.71 ±0.32 (L/min), this result exceeds what we found in the soccer players 
in this study 2.17 ±0.38 L/min. On the other hand, it is said that VT2 is responsible for the efficiency of the buffer 
system and acid-base regulation to maintain the pH in the blood and peripheral muscles. In this regard, Sahlin 
(2014) determines that there is a significant improvement in the cushioning system (buffer) in subjects who perform 
post-injury rehabilitation exercises, interpreting that those who adhere to rehabilitation programs improve their VT2. 
At the second threshold, Teixeira et al. (2018) reported VT2 = 3.28 ±0.50 (L/min) in soccer players aged between 
12.5 and 15.4 years, this result exceeds the 2.86 ±0.36 L/min achieved in VT2 by soccer players from present study.

A  limitation of this study was the selection of a  convenience sample (professional men’s soccer team); 
therefore, selection bias exists and it is advisable to interpret these results with caution. However, it is important to 
analyse professional soccer players because information about these players is limited, specifically in conditions 
of moderate altitudes above sea level. Furthermore, it is advisable to carry out further measurements to evaluate 
the results over time in order to obtain more scientific evidence on this issue.

The data obtained in this study are considered valuable because the use of the cortex Metalyzer 3B Leipzig 
instrument confirms the validity of the results due to its high quality of monitoring. Validated results were obtained 
about the cardiorespiratory capacity of male professional soccer players, in the CG it was evident that V ̇O2 max is 
significantly lower in participants with ACLR compared to healthy subjects.

Future research should focus on studying with larger randomized cohorts and longitudinally. Furthermore, this 
type of research should be carried out on female soccer players since the highest percentage of ACLR falls on the 
female gender.

Conclusion
The results of this study show that most of the body composition variables: weight (kg), height (cm), fat-free 

mass (kg), body water mass (kg), muscle mass (kg), bone mass (kg), BMR (kcal) have a significant correlation with 
V ̇O2Peak (L/min) in both groups. These results demonstrate that an adequate body composition influences the 
oxygen consumption capacity of professional soccer players and non-athletes, this is relevant in athletes because 
as stated in previous studies, fatigue is a risk factor for ACL injury. As far as we know, this is one of the first studies 
conducted in Bogota, Colombia, to analyse oxygen consumption and body composition in professional soccer 
players and non-athletes with and without ACL injury. Therefore, the data obtained constitute a reference for future 
research on these topics in soccer.

In the body composition variables: weight (kg), height (cm), fat-free mass (kg), body water mass (kg), muscle 
mass (kg), bone mass (kg), BMR (kcal), SPG had significant results higher than CG. However, in the oxygen 
consumption variables only V ̇O2 (L/min) and VE (L/min) had significant differences. It is important to note that SPG 
was assessed in the first week of the pre-season, this may justify that the oxygen consumption values are close to 
those of non-athletes, but studies are required at other times of the season to verify these results.
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Abstract Eating disorders in sports represent a significant health issue that has drawn the attention of researchers worldwide. 
Selected studies suggest that disordered eating behaviors among athletes occur more frequently than in non-athletic individuals 
(Ghazzawi et al., 2024; Jaššová & Dostal, 2022; Torstveit et al., 2008). It is believed that such behaviors may result, in part, 
from the pursuit of an ideal body image specific to the sport, as well as from attempts to alleviate dissatisfaction with one’s 
appearance, shaped by the aesthetic demands and expectations concerning the physical presentation of the athlete (Torstveit et 
al., 2008). Despite numerous studies addressing this phenomenon, research findings remain inconclusive, and knowledge in this 
area requires further exploration. The aim of this narrative review is to present the current state of knowledge on eating disorders 
in sports, with a  particular focus on risk factors for their development, negative health consequences, and potential support 
methods for those affected. Considering that eating disorders in sports can lead to serious health consequences, expanding 
knowledge in this area and implementing appropriate preventive measures may contribute to reducing morbidity and improving 
the well-being of athletes.

Key words: eating disorders, sport, risk factors, athlete health, prevention

Introduction 
“Feeding and eating disorders are characterized by a persistent disruption in eating behavior, accompanied by 

abnormal behaviors related to nutrition. As a result, this leads to changes in the composition and absorption of food, 
which in turn causes a significant deterioration in physical health and psychosocial functioning” (APA, 2018, cited in 
Gałecki et al., 2018, p. 399). These serious and often chronic mental disorders are believed to arise from a complex 
combination of psychological, biological, social, and cultural factors (Culbert et al., 2015), with their development 
typically beginning during adolescence or early adulthood (Giel et al., 2016), a period that generally corresponds to 
the professional sports activity phase (Szewczyk et al., 2024). In recent years, there has been a significant increase 
in interest in eating disorders among athletes, as studies have shown that this issue occurs more frequently in 
this group than in non-athletes (Ghazzawi et al., 2024; Eichstadt et al., 2020). In the literature, the prevalence 
of eating disorders among adult athletes ranges from 0–19% for men and 4–45% for women (Magee et al., 
2023), whereas in the general population of young adults, it is 0.6–2.4% for men and 5.5–17.9% for women (Silen  
& Keski-Rahkonen, 2022). Although research results in this area are often inconsistent due to, among other things, 
methodological differences and the heterogeneity of the studied groups, it is believed that the actual scale of the 
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problem in sports may be even higher. This underestimation may be related to the hidden nature of the disorders 
and athletes’ reluctance to report them, stemming from the belief in the beneficial impact of dietary restrictions and 
excessive physical exercise on athletic performance (Thompson & Sherman, 2010; Wells et al., 2020).

Given the high risk of morbidity in sports and the greater challenges in detecting eating disorders compared to 
the general population of non-athletes, the following review presents available research on this topic. The aim was 
to identify findings that may be useful in the detection and treatment of eating disorders among athletes. 

In this article, the term “disordered eating” is used to refer to persistent eating patterns that are not necessarily 
indicative of a diagnosable mental health disorder but are considered by specialists as behaviors that increase 
the risk of developing full-blown eating disorders. These behaviors may involve reduced or excessive food intake, 
restricted food choices, feelings of loss of control, physical discomfort, or other negative emotions such as guilt or 
shame (Ghazzawi et al., 2024). It is important to note that disordered eating patterns may be observed in individuals 
with eating disorders, but not everyone who exhibits such behaviors will meet the criteria for full-blown eating 
disorders (El Ghoch et al., 2013; Krentz & Warschburger, 2013).

Material and Methods
A narrative literature review was conducted on eating disorders in sport, covering publications from 1993 

onwards- the year in which Sundgot-Borgen’s seminal study demonstrated a higher prevalence of eating disorders 
among female athletes compared to non-athletic women.

The literature search was carried out between December 2024 and February 2025 using electronic databases 
including EBSCO, Google Scholar, Scopus, and PubMed. In addition, relevant scholarly books were reviewed. 
To identify appropriate publications, the following keywords were used: eating disorders in sport, disordered eating 
among athletes, and dysfunctional eating among athletes. Publications were screened based on titles and abstracts. 
Only peer-reviewed journal articles and recognized academic books addressing eating disorders- both general 
and sport-specific-were included for further analysis. Abstracts, theses, methodological papers, and conference 
proceedings were excluded.

Ultimately, 66 sources meeting the inclusion criteria were selected for this review. The structure of the review 
is organized around five key thematic areas: 1. State of knowledge, 2. Types of eating disorders, 3. Etiology of eating 
disorders in sport, 4. Consequences of eating disorders in sport, 5. Prevention and treatment of eating disorders 
in sport.

State of knowledge

Eating Disorders in Sports
Research indicates that the prevalence of eating disorders is higher among athletes than in the general 

population, particularly in sports that promote low body weight and a  lean physique (Byrne & McLean, 2002; 
Hausenblas & Carron, 1999; Sundgot-Borgen & Tortsveit, 2004). The literature distinguishes between “lean” sports, 
where low body weight is required (e.g., gymnastics, long-distance running), and “non-lean” sports, where body 
weight is not a key factor (e.g., basketball, table tennis) (Martinsen et al., 2010). Rousselet et al. (2017) confirmed 
that athletes participating in the first group of sports are more likely to display unhealthy eating habits. In the study by 
Ghazzawi et al. (2024), the highest percentage of eating disorders was found in gymnastics (41.5%), and the lowest 
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in endurance sports (15.4%). Chatterton and Petrie (2013) and Krentz and Warschburger (2013) also identified 
aesthetic sports, such as gymnastics and figure skating, as being associated with higher rates of eating disorders. 
Mancine et al. (2020), who compared different sports disciplines, confirmed that the highest likelihood of developing 
eating disorders occurred in sports requiring low body weight, weight-class sports, and those in which an athlete’s 
appearance is subject to evaluation. Rosendahl et al. (2009), on the other hand, differentiated by gender, showing 
that the highest risk of developing eating disorders in men was found in anti-gravity sports (42%), while in women, 
it was found in aesthetic sports (42%).

Numerous studies also confirm the link between the level of competition and the risk of eating disorders. 
Sundgot-Borgen (1994) demonstrated that professional athletes are more prone to these issues than amateurs. 
Goldfield & Woodside (2009) observed that women who train recreationally are less likely to exhibit symptoms 
of eating disorders than professional athletes, who more often follow restrictive diets, engage in excessive exercise, 
and become obsessed with their body weight, which may result from the pressure of competition and expectations 
from the sports environment. Meanwhile, Engel et al. (2003) and Berry and Howe (2000) suggested that a significant 
risk factor in this group is the comments made by coaches and the pressure to maintain a specific physique.

Table 1. Selected studies on the prevalence of eating disorders among athletes

Type of Sport Key Findings Authors (Year)

Various
Higher prevalence of eating disorders compared 
to the general population

Byrne & McLean (2002)

Lean vs. non-lean
“Lean” sports are associated with higher risk 
of eating disorders

Hausenblas & Carron (1999)

Various
Higher prevalence among elite athletes, 
particularly females

Sundgot-Borgen & Tortsveit (2004)

Lean
Athletes in lean sports are more likely to exhibit 
disordered eating behaviors

Rousselet et al. (2017)

Aesthetic, Endurance
Highest prevalence in gymnastics (41.5%), 
lowest in endurance sports (15.4%)

Ghazzawi et al. (2024)

Aesthetic Elevated risk in gymnastics and figure skating Chatterton & Petrie (2013)
Aesthetic Aesthetic sports pose the highest risk Krentz & Warschburger (2013)

Lean, Weight-class, Aesthetic
Greatest risk in sports emphasizing thinness and 
appearance evaluation

Mancine et al. (2020)

Antigravitational, Aesthetic
Men: highest risk in antigravitational sports 
(42%); Women: aesthetic sports (42%)

Rosendahl et al. (2009)

Various Elite athletes more vulnerable than amateurs Sundgot-Borgen (1994)

Various
Female professionals more likely to exhibit ED 
symptoms and adhere to restrictive diets

Goldfield (2009)

*ED – eating disorders; lean – disciplines requiring low body weight (e.g. gymnastics), non-lean – disciplines without such a requirement (e.g. table tennis). *

Types of Eating Disorders
The most commonly diagnosed forms of eating disorders according to DSM-V are anorexia nervosa (AN), 

bulimia nervosa (BN), and binge eating disorder (BED) (APA, 2018, cited in Gałecki, 2018). Anorexia is characterized 
by a  significant restriction in energy intake relative to the body’s needs and an intense fear of gaining weight. 
Bulimia involves recurrent episodes of binge eating, followed by inappropriate compensatory behaviors aimed at 
preventing weight gain (e.g., self-induced vomiting, abuse of laxatives, diuretics, excessive physical exercise). Binge 
eating disorder is characterized by the consumption of large amounts of food in a short period and a sense of loss 
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of control during the episode. Binge eating is associated with eating faster than most people, eating until feeling 
uncomfortably full, consuming large amounts of food even when not hungry, and experiencing feelings of disgust 
with oneself, depression, or an intensified sense of guilt after the episode (Brytek-Matera, 2021).

Although the characteristics of eating disorders outlined above are consistent with DSM-V, it should be noted 
that improper eating behaviors in sports do not always meet the criteria for full-blown clinical eating disorders. When 
discussing this issue, it is important not to overlook unclassified, yet pathological, eating patterns that may act as 
potential precursors to full-blown eating disorders (Monthuy-Blanc et al., 2020, 2022a, cited in Daubresse et al., 
2024). The literature introduces the concept of DEAB (dysfunctional eating attitudes and behaviors), which refers 
to dysfunctional eating attitudes and behaviors that form a continuum between healthy eating and the diagnoses 
of eating disorders described in the classification of mental disorders. These behaviors and attitudes include eating 
behaviors such as intuitive eating, emotional eating, restrictive dieting, or episodes of binge eating (Monthuy-Blanc 
et al., 2022b, cited in Daubresse et al., 2024). DEAB can also be associated with purging behaviors, internalization 
of the ideal slim physique, food control, and fluctuations in body weight, particularly during periods of sports 
competition (Homan, 2010). It has been found that as many as 51.6% of athletes at the national level report using 
DEAB to lose weight (Chatterton & Petrie, 2013). Similar to classified eating disorders, the prevalence of DEAB 
varies depending on the sport and gender (Petrie, 2020). Individual sports are more strongly predisposed to DEAB 
than team sports, with endurance sports (e.g., running, triathlon, etc.) being particularly associated with these 
behaviors (Nattiv et al., 2007; Sundgot-Borgen & Torstveit, 2004).

Another noteworthy and sport-specific form of unclassified eating disorder is known as anorexia athletica 
(AA), which is a form of anorexia nervosa occurring in physically active individuals. It should be emphasized that 
this is an eating disorder that is not clinically diagnosed (Nielson et al. 2013) and is not formally recognized as 
a nosological diagnosis. It is defined as a state of restricted energy intake and reduced body mass while maintaining 
a  high level of physical activity (Kristjansdottir, 2019). A  characteristic feature is that individuals do not restrict 
calories as drastically as in AN but have a carefully calculated energy requirement, thus consuming and training 
to maintain a constant calorie deficit. This is particularly dangerous because such an individual may appear to be 
eating properly. Fear of gaining weight is a strong motivator for individuals with AA, although it is often unjustified, as 
these individuals usually weigh less than the norms established for their height and age. Literature confirms that the 
most vulnerable groups to these patterns of behavior are athletes in disciplines such as running, gymnastics, and 
figure skating (Bolles et al., 2005). In these sports, low weight may enhance athletic performance, which individuals 
with AA relentlessly pursue, often dedicating most of their time to this goal (Nielson, 2013). It is also important to 
note that weight reduction is motivated by the desire to improve athletic performance, rather than by the typical 
concerns with body weight or external appearance seen in anorexia nervosa (Sudi et al., 2004). Sundgot-Borgen 
(1993) assessed the prevalence of AA at 8%, while in later works by the author (Sundgot-Borgen & Tortsveit, 2004), 
the prevalence was found to be 4% for women and 1% for men in professional sports.

Another significant term to mention when discussing unclassified eating disorders in sports is “orthorexia.” 
The term orthorexia nervosa first appeared in the late 1990s, and it wasn’t until 2004 that the first article described 
orthorexia as a “maniacal obsession” with healthy eating (Donini, 2004). Currently, orthorexia is not classified in 
DSM-5 or ICD-11, and there is still ongoing debate about whether it should be considered a distinct mental disorder 
(McComb & Mills, 2019; Meule & Voderholzer, 2021). Although many authors have developed diagnostic criteria for 
orthorexia (Cena et al., 2019), it was not until the article by Donini et al. (2022) that the first definition of orthorexia, 
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supported by specialists from around the world, was presented. In this definition, orthorexia is described as a strong 
engagement of the individual in eating-related behaviors and the imposition of rigid rules, which remain under 
strict control and are associated with spending excessive time planning, acquiring, preparing, and/or consuming 
food. Unlike other well-known eating disorders, orthorexia does not focus on the quantity of food consumed but 
rather its quality (Dunn & Bratman, 2016). Individuals suffering from this disorder experience emotional discomfort 
when confronted with food they consider unhealthy, difficulties with concentration because thoughts about healthy 
eating almost entirely occupy their minds, and feelings of guilt when they cannot consume a meal that meets their 
restrictive requirements (Donini et al., 2022). The selective eating patterns characteristic of orthorexic individuals 
can contribute to nutritional deficiencies, such as underweight, anemia, or hormonal imbalances (Donini et al., 
2022; Bundros et al., 2016). This disorder can also have a significant impact on an individual’s personal and social 
functioning, as it involves dedicating most of their time to meeting the requirements of their diet. Research indicates 
that higher rates of orthorexia are found among individuals who engage in sports for more than 150 minutes 
per week compared to those who engage in sports less frequently or not at all. Additionally, a higher probability 
of orthorexic behaviors has been confirmed among individuals participating in endurance sports (over 150 minutes/
week) compared to those in other sports (Bert et al., 2019). Oberle’s et al. (2017) study showed that the tendency to 
exhibit such behaviors is linked to the intensity of aerobic exercises performed, exercise addiction, and motivation 
for exercise.

Etiology of Eating Disorders in Sports
Existing research indicates that eating disorders have a multifactorial nature, highlighting both biological and 

psychosocial factors. In addition to the primary risk factor, which is the specificity of the sport being practiced 
(discussed earlier in the article), gender is often cited as an additional factor. While most studies confirm that women 
are more prone to displaying disordered eating behaviors (Engel et al., 2003), it should be emphasized that this 
problem also affects men. Ahlich et al. (2018) estimate that they may constitute up to 25% of athletes struggling 
with disordered eating. Dakanalis et al. (2016) in their study found that binge eating (7.9%) and excessive physical 
exercise (4.4%) are the most common behaviors in a male student group. Therefore, despite women predominating 
in terms of eating-related problems, men should not be excluded from the risk group for developing such disorders.

Traditional models of the development of eating disorders in sports emphasize the influence of environmental 
factors, such as societal pressure regarding appearance, diet-related pressures, and the demand for body 
modifications through training (Garner, Garfinkel, 1980; Striegel-Moore, Silberstein, Rodin, 1986 as cited in 
Łuszczyńska, 2011). A more recent approach, the model proposed by Petrie and Greenleaf (2007), in addition to 
the environmental context, focuses on subjective beliefs, emotions, and cognitive patterns of athletes, which may 
increase susceptibility to the development of disordered eating. In addition to environmental pressures regarding 
a slim figure, they point to idealization of low body weight, dissatisfaction with one’s appearance, negative emotions, 
a restrictive approach to eating, and the influence of peers and family on eating patterns. This model is particularly 
significant as it is based on solid empirical foundations, indicating mechanisms that may reinforce the risk of these 
disorders and specifies situations in which the effect of a given risk factor is especially strong (Petrie & Greenleaf, 
2007). A different perspective, which seems interesting, is the approach of Nattiv et al. (2007), which distinguishes 
three groups of risk factors: predispositional, triggering, and maintaining. The first category includes biological, 
psychological, and socio-cultural factors that increase an individual’s susceptibility to developing disorders, such as 
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genetic predispositions, body dissatisfaction, low self-esteem, or personality traits (e.g., perfectionism). Triggering 
factors include negative comments about appearance and traumatic experiences (Stice & Shaw, 2002). Maintaining 
factors are attributed to, among others, acceptance by the surrounding environment, physiological consequences 
of hunger, or initial positive effects of dietary restrictions (Nattiv et al., 2007). The literature also mentions sport-
specific risk factors that include a  range of important elements that may affect athletes’ health. These include 
frequent changes in body weight, environmental pressures for weight loss, frequent dieting, starting specialized 
sports training at a young age, traumatic experiences such as injuries, overtraining, the desire to gain admiration, 
coaching behaviors, and specific sport rules (Bratland-Sanda & Sundgot-Borgen, 2012; Smolak et al.,2000; 
Sundgot-Borgen, 1994). Body weight regulations in sports practiced at a professional level are especially relevant 
in disciplines where body mass is controlled during competition. These include weight-class sports, such as boxing, 
judo, or other combat sports. In these disciplines, extreme methods of rapid weight loss may be employed in 
the period immediately preceding the pre-competition weigh-in. Athletes in disciplines where low body weight 
can enhance performance and those in sports where physical appearance is evaluated (such as gymnastics or 
aesthetic sports) may also be exposed to pressure from the environment to lose weight (Byrne & McLean, 2002; 
Hausenblas & Carron, 1999). In the case of early engagement in sports training, there is a risk of mismatching the 
choice of sport to the athlete’s body type, which may lead to later difficulties associated with the impact of changes 
during the maturation process on sports performance (Sundgot-Borgen, 1994). Another issue is that some traits 
regarded as desirable in sports, such as perfectionism, a tendency to conform, and intense engagement in training, 
may simultaneously contribute to the development of eating disorders (Thompson & Sherman, 1999). Athletes 
often exhibit obsessive-compulsive striving for achievement, which increases their susceptibility to unhealthy eating 
habits. A  risk factor can also be traumatic experiences, especially injuries, which often lead to exclusion from 
competition and, consequently, uncontrolled weight gain and eating problems (Currie, 2010). Coaching styles play 
a key role in many behaviors exhibited by athletes. A supportive attitude may offer protection, while a  focus on 
results and athletes’ weight may be particularly predispositional to the development of eating disorders, amplifying 
their fear of weight gain and triggering disorders in this area (Bratland-Sanda & Sundgot-Borgen, 2012).

Table 2. Risk factors for the development of eating disorders in sport

Type of Risk Factor Description References

Gender
Women are more susceptible, although men are also 
affected

Engel et al. (2003); Ahlich et al. (2018); Dakanalis et al. 
(2016)

Environmental Factors
Societal pressure regarding appearance, dieting pressures, 
physique-related expectations

Garner & Garfinkel (1980); Striegel-Moore et al. (1986, 
as cited in Łuszczyńska, 2011)

Cognitive and Emotional 
Factors

Body dissatisfaction, idealization of thinness, negative affect Petrie & Greenleaf (2007)

Predisposing Factors
Genetics, low self-esteem, perfectionism, body 
dissatisfaction

Nattiv et al. (2007)

Triggering Factors Trauma, negative appearance-related comments Stice (2002); Nativ et al. (2007)

Maintaining Factors
Environmental reinforcement, physiological effects 
of starvation, perceived benefits of dietary restraint

Nattiv et al. (2007)

Sport-Specific Factors

Early training onset, frequent weight fluctuations, 
recurrent dieting, traumatic experiences (e.g., injuries), 
coach behaviors, sport rules, weight-loss pressure from 
surroundings

Bratland-Sanda & Sundgot-Borgen (2012); Smolak et al. 
(2000); Sundgot-Borgen (1994)
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Sport Discipline Characteristics
Appearance-based evaluation, weight-class sports (e.g., 
boxing, judo), performance advantages from low body 
weight

Byrne & McLean (2002); Hausenblas & Carron (1999)

Personality Traits
Perfectionism, compliance, obsessive-compulsive striving 
for achievement

Thompson & Sherman (1999)

Traumatic Experiences Especially injuries associated with weight gain Currie (2010)

Coaching Styles
Supportive coaching – protective; weight-focused coaching 
– risky

Bratland-Sanda & Sundgot-Borgen (2012)

Consequences of Eating Disorders in Sport
Given the fact that certain categories of athletes may be more vulnerable to disordered eating behaviors than 

others (Mancine et al., 2020), which in turn can lead to nutritional imbalances associated with numerous physical 
and psychological health consequences, it is important to examine the effects they may have on the described 
group. It has been demonstrated that athletes reporting eating disorders exhibit higher levels of depression and 
anxiety compared to athletes who do not experience such problems (Landkammer et al., 2019). Among this group, 
common difficulties also include effects directly caused by insufficient energy intake. One of the terms used in 
the literature to describe such conditions is LEA (Low Energy Availability), which refers to a  state where, due 
to insufficient energy intake, the athlete’s body is unable to meet the demands placed on it by physical activity 
(Õnnik et al., 2022). This can arise when an athlete consumes insufficient energy from food or expends excessive 
amounts during training. The main causes of LEA are generally categorized as obsessive (eating disorders or 
clinical diagnoses of eating disorders), unintentional (a health issue as a side effect of high energy expenditure 
during exercise), or intentional (efforts to modify body weight or composition) (Burke, 2021 cited in Lee, 2024). LEA 
is often considered a precursor to disorders such as RED-S (Relative Energy Deficiency in Sport) or MAT (Male 
Athlete Triad), and it is most frequently encountered in sports characterized by high intensity, frequency, duration, 
or volume, as well as those that emphasize low body weight and/or low body fat percentage (e.g., cycling, running, 
triathlon, gymnastics, tennis, rowing) (Lee, 2024). 

To illustrate the multitude of negative effects caused by energy deficiency in sports, some of their 
characteristics are presented. In the literature, the term “female athlete triad” is used, which refers to a syndrome 
involving three interrelated disorders frequently found among female athletes. These include disordered eating or at 
least a significant restriction in caloric intake, menstrual disturbances or absence of menstruation, and decreased 
bone mineral density, i.e., osteoporosis (Mancine et al., 2020). The above-mentioned conditions can lead to serious 
health issues among female athletes, such as bone fractures, hormonal disorders, and cardiovascular problems. 
Over the past few years, the prevalence of this issue among female athletes has ranged from 1.3% to 23%, with 
as many as 78% of female athletes showing at least one of the three components of the triad (Petrović, 2020). This 
disorder is particularly prevalent in disciplines where leanness or low body weight is emphasized, such as long-
distance running, gymnastics, or track and field. 

A similar term exists in the literature for male athletes, referred to as MAT (Male Athlete Triad), which can 
be interpreted as the triad of male athletes. This syndrome consists of three interconnected disorders observed 
in male athletes: low energy availability (LEA), impaired bone health that may lead to osteopenia, osteoporosis, or 
bone injuries, and dysfunction of the hypothalamic-pituitary-gonadal (HPG) axis, resulting in conditions such as 
hypogonadotropic hypogonadism, which may lead to oligospermia (low sperm count) or decreased libido (Nattiv 
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et al., 2021). The risk of MAT, like in females, is particularly high among athletes participating in disciplines that 
require low body mass, such as long-distance running or cycling (Nattiv et al., 2021).

Another concept describing the health consequences of disordered eating in athletes is “Relative Energy 
Deficiency in Sport” (RED-S), which encompasses the same three disorders identified in the female athlete triad 
but also includes other health consequences resulting from LEA in athletes (Mountjoy et al., 2018). The term 
RED-S refers to a condition in which an athlete does not intake sufficient energy relative to their body’s needs, 
leading to a range of negative health and performance-related outcomes. Unlike the female or male athlete triads, 
RED-S considers a broader spectrum of the consequences of low energy availability, covering not only aspects 
related to the bone and hormonal systems but also to other systems in the body, including the immune, digestive, 
cardiovascular, and metabolic systems. RED-S offers a more holistic approach to the problem of energy deficiency 
in sport, considering its complex consequences for the health and performance of athletes of both sexes.

Table 3. Health effects of disordered eating among athletes

Term/Concept Description Target Group Main Health Consequences References

LEA (Low Energy 
Availability)

Condition of insufficient 
energy availability relative to 
physiological needs

Both male and female 
athletes

Hormonal disturbances, 
impaired recovery, possible 
HPG axis dysregulation

Õnnik et al. (2022); Burke 
(2021), cited in: Lee, 2024)

RED-S (Relative Energy 
Deficiency in Sport)

A syndrome encompassing 
multiple consequences 
of energy deficiency

Both male and female 
athletes

Endocrine, skeletal, 
immune, and cardiovascular 
impairments

Mountjoy et al. (2018)

Female Athlete Triad

Triad of disordered 
eating/low energy 
intake, amenorrhea, and 
osteoporosis

Female athletes
Menstrual dysfunction, 
osteoporosis, fractures, 
hormonal issues

Mancine et al. (2020); 
Petrović (2020)

Male Athlete Triad (MAT)

Male counterpart of the 
Female Athlete Triad: LEA, 
poor bone health, and HPG 
axis disturbances

Male athletes
Osteopenia, osteoporosis, 
hypogonadism, reduced 
libido, oligospermia

Nattiv et al. (2021)

Psychological Issues

Increased incidence 
of depression and anxiety 
in athletes with disordered 
eating

Both male and female 
athletes

Depression, anxiety
Sundgot-Borgen et al. 
(2016)

Prevention and Treatment of Eating Disorders in Sport
Prevention and treatment of eating disorders in sport are largely based on methods used in the general 

population. However, in the case of athletes, a broader, interdisciplinary approach is necessary, involving not only 
the athlete but also their immediate environment. This process often includes the involvement of family members, 
coaches, dietitians, doctors, sports psychologists, and other specialists supporting the athlete’s physical and 
mental preparation. A key element of prevention is education for both athletes and their surroundings regarding 
eating disorders. Educational programs focus on identifying and learning to recognize risk factors, discussing the 
health consequences, and eliminating myths about the relationship between body weight and sports performance 
(Coelho et al., 2014). An important aspect of prevention is also the early detection of nutritional issues and the 
implementation of interventions that prevent further development of the problem. Due to the specificity of sport, it 
is crucial to assess whether the observed behaviors are temporary (e.g., resulting from a competition preparation 
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phase and are controlled) or represent a persistent, unhealthy pattern leading to the development of eating disorders 
(Ljungqvist et al., 2009).

Regular screening, conducted as part of mandatory medical examinations before the start of the season, plays 
a vital role in identifying athletes at particular risk for the development of these disorders. Diagnostic procedures 
include questions about eating habits, binge eating episodes, the use of purging methods, the presence of eating 
disorders in the family, body image perception, menstrual cycle, and physical activity levels (Rumball & Lebrun, 
2004; Coelho et al., 2014). Given the risk of concealing important information by those being examined, self-report 
tools are also used, which may help detect abnormal eating patterns early. Their anonymous nature may encourage 
greater openness in revealing problematic behaviors (Hagmar et al., 2008). However, it should be emphasized that 
such diagnostic methods should always be supplemented with a clinical interview and conversation, allowing for 
a comprehensive assessment of the situation.

A sport-specific form of preventive measures could involve changes in regulations regarding body weight 
control in disciplines that require weight limitations. The elimination of extreme weight loss methods, such as drastic 
calorie restriction or intense dehydration, can significantly reduce the risk of developing eating disorders in this 
group of athletes (Coelho et al., 2014). Special attention should be given to monitoring athletes’ eating behaviors 
during recovery periods from injuries and after returning to regular training. During forced breaks in physical activity, 
some athletes may resort to unhealthy methods of body weight control, attempting to prevent weight gain resulting 
from reduced movement.

Treatment of eating disorders in athletes should also be interdisciplinary and involve collaboration among 
a team of specialists. A crucial role in the therapeutic process is played by psychotherapy, particularly cognitive-
behavioral therapy (CBT), which is considered one of the most effective treatment methods. Among the approaches 
used, enhanced cognitive-behavioral therapy (CBT-E), Maudsley therapy (MAN-TRA), Specialist Supportive Clinical 
Management (SSCM), and psychodynamic therapy (FPT) are distinguished (Brytek-Matera, 2021). The therapeutic 
process in an outpatient setting usually lasts around eight months or longer and involves individual cooperation 
between the patient and the therapist. Its primary goals are to restore physical health, gradually normalize eating 
patterns, and stabilize body weight. Cooperation between coaches and the training staff with therapists plays a key 
role in creating an environment conducive to the athlete’s recovery. An important element of therapy is also the 
gradual and controlled return to physical activity, which minimizes the risk of relapse into destructive behaviors, as 
well as raising the awareness of those around the coach regarding important behavioral signals in the athlete that 
need to be addressed. Additionally, a properly tailored dietary intervention, adjusted to the individual needs of the 
athlete, can provide crucial support in the recovery process.
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  Risk factors Eating Disorders Health consequences 

Bulimia nervosa (BN) 

Binge Eating Disorders (BED) 

Dysfunctional Eating Attitudes 
and Behaviors (DEAB) 

Orthorexia nervosa 

Male Athlete Triad 

Depression, Anxiety 

Specifity of sport (aesthetic 
sports/sports involving weight 

classes/lean sports) 

Gender 

Level of sports performance 

Environmental factors, e.g. 
pressure to follow a diet 

Cognitive and emotional factors, 
e.g. body dissatisfaction 

Traumatic experiences, e.g. 
injuries 

Anorexia nervosa (AN) 

Female Athlete Triad 

Anorexia athletica (AA) 

Relative Energy Deficiency in 
Sport (RED-S) 

Low Energy Availability (LEA) 

Coaching styles 

Sport-specific factors, e.g. early 
start of specialist training 

Personality traits, e.g. 
perfectionism 

Figure 1. Conceptual model of the development and consequences of eating disorders in athletes

Summary
This paper presents a narrative review of research on eating disorders among athletes. It is important to 

emphasize that although there are specific diagnostic criteria, relatively few studies focus on describing eating 
disorders as clinical conditions. It should be noted that a full diagnosis of eating disorders requires a comprehensive 
clinical assessment, typically conducted by psychiatrists. For this reason, this paper primarily presents quantitative 
research findings that assess the presence of unhealthy eating habits and patterns that may promote the 
development of full-blown disorders, rather than clinical descriptions of the disorders themselves. 

The analysis identifies risk factors and the relationships between specific sports disciplines and the propensity 
for eating disorders. However, it should be noted that the entire athlete population, regardless of the sport or skill 
level, is highly vulnerable to such problems. Research by Thompson and Sherman (2010) confirms that even among 
athletes participating in sports where body weight and appearance are not key, over 50% engage in unhealthy 
weight control practices, such as inducing vomiting or restricting calorie intake. Therefore, prevention efforts should 
not only target athletes in aesthetic or weight-class-dependent sports but also those who theoretically do not face 
pressure related to body mass or appearance (Selby et al., 2011). 

Further research on eating disorders in sport is needed, especially considering the methodological variability 
used in previous studies (e.g., different measurement tools, sample sizes, age, gender, and cultural contexts). 
Research results in this area are inconclusive—some suggest that athletes are more susceptible to eating disorders 
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than non-athletes, while others indicate no significant differences between the groups (Chapa et al., 2022). 
Therefore, there is a need for studies conducted on a representative sample of athletes (both professionals and 
amateurs) from a wide range of disciplines, using a uniform research procedure.

Due to limited availability of research, this paper did not address athletes in disciplines where a  higher 
body mass is beneficial for achieving better results (e.g., sumo, weightlifting). Additionally, due to the insufficient 
number of available publications, the frequency of specific eating disorders in various athlete groups has not been 
thoroughly analyzed, nor was the issue in amateur sports addressed. In the context of modern culture, which 
promotes a healthy athletic physique (slim for women and muscular for men) it can be hypothesized that the risk 
of eating disorders among both professional and amateur athletes is similar. However, verification of this hypothesis 
requires further empirical studies.

It is crucial to note that the presented description of eating disorders aims to highlight the issue and point 
out possible behaviors, emotions, and experiences of individuals struggling with these disorders. It is important 
to remember that the course of these disorders may be atypical, and some symptoms may fit into multiple 
diagnostic categories simultaneously. Therefore, particular caution should be exercised when interpreting the 
results of quantitative studies. The diagnosis of eating disorders should rely on in-depth analysis, including clinical 
interviews and other qualitative methods conducted by qualified specialists. This article aims to expand public 
knowledge about these disorders, which can contribute to more effective prevention and early detection of the 
problem.

Conclusion
In conclusion, eating disorders among athletes represent a significant and current issue that can have serious 

consequences for both the physical and mental health of athletes. Due to diagnostic challenges and the potential 
negative effects of these disorders, widespread preventive actions are necessary. A key role in this regard is played 
by doctors and sports psychologists, who should conduct educational initiatives not only for athletes but also for 
coaches, training staff, and athletes’ families. Early identification of eating disorder symptoms and appropriate 
interventions can contribute to improving athlete’s health and well-being and increase their chances for a long and 
successful sports career.
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