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Abstract: Genetic predispositions, along with a supportive social environment, personal motivation, perseverance,
dedication, and susceptibility to injuries, all play a role in shaping sports performance and success. In this study,
physical characteristics (height, weight, body mass index - BMI) were compared between active males and females
in three sports disciplines (field and track athletics, football, and basketball) and inactive control goup. Research on
the correlation between genetically predisposed physical characteristics and success in sports activities was conducted
through a survey at sports clubs in Banja Luka, Bosnia and Herzegovina. A total of 118 respondents (63 female and
55 male) answered the 16-question questionnaire. The highest were male basketball players, with an average height
13 cm higher than the average male height in Bosnia and Herzegovina. Average BMI was 23.16+3.14, 23.99+1.82,
and 23.61=1.14 for male athletes, football players, and basketball players, respectively. In the female group, the BMIs
were 20.842.07, 20.76+2.36, and 22.175+2.25 for athletics, football, and basketball, respectively. The control group
had a BMI of 25.59+3.81 for males and 21.74+2.4 for females. Endurance is the main quality declared by athletes
who practice long-term sports, while strength is the main quality in athletes who are active in short-term disciplines.
The highest rate of injuries was noted among female football players at 92%. The most frequent injury was injury to
the meniscus, tendons, and hamstrings. A positive family history of sports activity showed a significant influence on
sports success. Every sport brings numerous health benefits in the form of better immune resistance, maintenance of
body mass index (BMI), mental and psychological stability, self-confidence, better social contacts, and more.
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INTRODUCTION

Sports performance and success in sports activities are influenced by genetic predispositions, as
well as a stimulating social environment, personal motivation, perseverance, commitment, and a tendency
towards injuries (Posthumus, 2009; Posthumus, 2010). There is abundant scientific evidence on the influ-
ence of genes on physical characteristics such as: height, arm length, muscle mass, muscle structure, heart
size, lung size and volume, joint flexibility (Pickering, 2019); but also on physiological characteristics such
as: resting heart rate, blood pressure, air flow in the lungs, muscle strength, muscle endurance, speed, aero-
bic endurance, etc. (Table 1).

Table 1. Genetic Influence on Physical Characteristics (Kolac, 2011)

Characteristic Genetic Influence
Height and arm length High

Waist circumference Low to moderate
Muscle size High

Muscle structure (fast and slow-twitch fibers) High

Number of mitochondria per gram of muscle Low
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Heart size

High

Lung size and volume

High

Activity of muscle enzymes involved in energy production

Low to moderate

Resting heart rate High

Blood pressure Moderate
Airflow in the lungs Moderate
Muscle strength High

Muscular endurance (e.g., push-ups) Moderate to high
Speed Moderate
Balance Low

Joint flexibility High

Reaction time

Low to moderate

Movement precision

Low to moderate

Aerobic endurance

Moderate to high

Anaerobic threshold

Moderate

Body height is 97% hereditary, body mass 85%, and muscle fiber composition 97%. In addition to
morphological characteristics, there are also functional abilities. Speed is up to 97% hereditary, reflex reac-
tion 95%, aerobic power 92%, and anaerobic power 90%. Based on these percentages, it was concluded that
genetics has a great influence on predispositions, and it is important for an athlete to have predetermined
sports predispositions, but success itself does not depend only on genetics. One of the conditions for suc-
cess is training that can improve these genetic predispositions. Flexibility can be improved by up to 20%,
endurance by 8-20%, and speed, at least, by only 5% (Aranitovi¢, 2018).

Sports performance can also be affected by diet and the use of supplements. The influence from
the environment is also important, so a supportive family in which parents and other family members play
sports represents a significant social influence for achieving sports success. There are numerous examples
of people who try harder than others, pay attention to diet, lifestyle, and rhythm, use illegal substances, but
do not achieve success like someone who does not pay attention to other factors besides training. In athlet-
ics, if a person who does not have a genetic predisposition for speed enters the training, he can improve that
characteristic by training only up to 5%. An individual who wants to engage in, for example, bodybuilding,
if he is born with wide hips, small calves, small arm circumference or small shoulder circumference, will
not be able to improve these characteristics even in 15/20 years and will not be able to sculpt his body in
the way he would like. However, every sport brings numerous health benefits in the form of better immune
resistance, maintenance of body mass index (BMI), mental and psychological stability, self-confidence,
better social contacts, and more. In research on the influence of genetic factors on sports predispositions,
the presence of certain genetic markers for certain morphological characteristics or functional abilities is
sought out. A Genome-Wide Association Study (GWAS) is a research method used to identify genetic vari-
ations associated with specific traits or diseases by analyzing the entire genome of a large group of people.
It essentially scans the genomes of individuals, looking for common genetic variants that occur more fre-
quently in those with a particular trait or disease compared to those without it.

This paper is part of a pilot project aimed at enhancing public awareness of the importance and
impact of genetic testing on individuals who intend to actively and professionally engage in sports. In this
regard, key genes related to sports genetics will be identified.
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To date, over 150 genetic markers have been discovered (Varilas-Delgado, 2022; Epstein, 2014).
The most important ones are: angiotensin I-converting enzyme (ACE) and ACTN gene (for endurance),
actinin alpha 3 (ACTN3) (Fang, 2013) and PPARY (for power and muscle strength) (Ahmetov, 2013), Hy-
poxia Inducible Factor 1 Subunit Alpha (HIF1A gene) (Kaznar, 2019), Peroxisome proliferator activated
receptor alpha (PPARA) (Ahmetov, 2013), COL51A gene (collagen and flexibility) (Collins, 2010; Sep-
tember, 2009; Releigh, 2009), ACSL1 gene (aerobic capacity) and numerous others.

Hypertrophic cardiomyopathy is the most common cause of sudden death on sports fields. HCM
occurs in the general population with a prevalence of about 0.2%. The annual mortality from HCM is 3-4%,
while in children it is over 6%. In HCM, three gene mutations are most common: cardiac beta-myosin
heavy chains — MYH?7 gene (first identified), cardiac protein C — MYBPC3 gene, myosin-related, and car-
diac troponin T — TNNT2 gene (Barakovi¢,2007).

MATERIAL AND METHODS

SURVEY

Research on the correlation of genetic predispositions and success in sports activities was con-
ducted in the form of a survey in sports clubs in Banja Luka, Bosnia and Herzegovina. A survey of 16
questions was created. The questions related to height, weight, type of sports discipline, frequency and type
of injuries, type of diet, as well as existing infectious diseases (coronavirus, Epstein-Barr virus, coxsackie
virus). The respondents were active athletes from mainly three sports disciplines: basketball, football, and
athletics, as well as a control group of respondents who were not actively involved in sports. Respondents
provided information about their greatest sporting success, family sport history, hereditary diseases (car-
diovascular, metabolic, malignant diseases), and they also made a self-assessment about their best sporting
quality: endurance or strength.

RESPONDENTS

118 respondents answered the survey, 63 women (44 active and 16 inactive) and 55 men (41 active
and 14 inactive). In summary, 85 are actively involved in sports, and the other 30 represent a control group
of respondents who are not actively involved in sports.

Respondents were classified by three main sports disciplines: field and track athletics (22 females
and 13 males), basketball (11 males and 3 females), and football (15 males and 13 females).

Seven women respondents declared: CrossFit, fitness, dance, volleyball, and handball as sports dis-
ciplines. Six men respondents declared some rare sport disciplines: badminton and whitewater kayaking,
as well as karate, water polo, handball, and swimming. Those respondents were not statistically analyzed.

ANALYSIS OF RESULTS

All collected data were classified in a Microsoft Office Excel 2021 database. IBM SPSS 22 was
used to analyze the results, calculate the BMI and the mean value of physical characteristics, and create
graphs as well as descriptive statistics for the calculation of standard deviation (SD), range, p-value, confi-
dence interval, and coefficient of correlation. Student’s t-test and ANOVA test were performed for the para-
metric test of normally distributed data. Statistically significant p-value was all values under 0.05 (p=<0.05).
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RESULTS AND DISCUSSION

RESULTS OF DESCRIPTIVE STATISTICS

BODY HEIGHT AND BODY WEIGHT

The average body height (BH) of female basketball players, field and track athletes (F&T athletes),
and football players was 178.7+3.2 cm, 169+7.1 cm, and 169.9+£5.9 cm, respectively. The body weights (BW)
in those groups were 714+9.6 kg, 59.47+7.02 kg, and 60+7.9 kg. The average height for women in Bosnia and
Herzegovina is 167.5 cm, similar to that of our group of female F&T athletes and football players. However,
basketball players are taller than the state average by about 11.1 cm (https://www.ncdrisc.org/).

The average height of the male F&T athletes, football and basketball players who filled out the
survey, was 180.9+6.8 cm, 184.4+5.7 cm, and 195.54+9.2 cm, respectively. Men in this category weigh an
average of 76.2+14.3 kg, 81.6+7.37 kg, and 90.54+10.9 kg. In the male group, basketball players are 13 cm
higher than the average of 182.5 cm for Bosnia and Herzegovina. Football players tend to be slightly higher
than average in the general population (https://www.ncdrisc.org/). (Table 2).

In a group of junior basketball players, age 13, the average height for boys was 177.5+8.4 cm and
for girls 164£10.5 cm. According to the WHO, the average height of teenage boys and girls at the age of
13 is 156.7+£7.4 cm and 156.4 £+ 6.9 cm, respectively (Height-for-age boys and girls, WHO,2023). In our
group of tested boys, height was 20.8 cm higher than average from WHO data, and girls were 7.6 cm higher
than their peers.

BMI AND DIET

Body mass index (BMI) indicates body size. Normal BMI is from 18.5 to 24.9 kg/m?. Under 18.5 is
underweight, and above 24.9 is overweight.

Body mass index was calculated using the formula:

BMI=Weight(kg)/(Height(m))*

Calculated BMI is shown in every sports group and compared between each sports discipline and
the control group.

All participants in the survey had an omnivorous diet. Active sportsmen and women follow a diet
recommended by a nutritionist with a balanced intake of nutrients.

A confidence interval (CI), for a confidence level value 95%, was calculated. Mean value, standard
deviation (SD), CI, and range are shown in Table 2 for measured physical characteristics in every group.

Table 2. Descriptive statistical results of physical characteristics in three sports disciplines and the control group in men and women

BH (cm) o BW (kg) o BMI (kg/m?) o

Men Mean£SD Range 95% CI Mean+SD Range 95% CI Mean<SD Range 95% CI
Field
and 172-  176.9- 67.87-
Track 13 180.9+6.8 192 18487 76.2+14.3 55-102 ’4.53 23.16+3.14 18-27.7 21.33-25
Athletes
Football 175-  181.3- 77.6- 22.96-
Players 15 184.4+5.7 195 187 4 81.6+£7.37 70-94 25 6 23.99+1.89 21-26.9 2501
Bas-

180-  189.7- 83.6- 21.6- 22.9-

* -

l}()cle;l;ilrls 11 195.5449.2 207 201.4 90.54+10.9 76-101 975 23.61+1.14 253 2433
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Control 175-  180.6- 80.09- 23.45-
aroup 14 185.2948.3 205 190 87.71+£13.6 67-110 9532 25.59+£3.81 19.6-34 2973
BH (cm) o BW (kg) o BMI (kg/m?) o

Women Mean<SD Range 95% CI Mean+SD Range 95% CI Mean<SD Range  95% CI
Field
and 164-  165.8- 56.3-
Track 22 169+7.1 180 1722 59.47+£7.02 51-84 62.6 20.8+£2.07 19-26.8 19.9-21.7
Athletes
Football 162-  166.5- 55.4- 17.7- 19.38-
Players 13 169.9+5.9 178 1733 60+7.9  50-73 64.59 20.76+2.36 259 713
Bas-

. 175- 174.8- . 59.3- 19.6- 19.44-
ketball 3 178.7+£3.2 181 182.6 714£9.6 60-78 827 22.17+£2.25 238 24.9
Players
Control 160-  167.9- 58.7- 17.7-
aroup 16 170.56+5.1 181 17323 63.44+9.13 47-84 68.2 21.74+2.4 26.8 20.5-23

BH- body height, BW — body weight, BMI — body mass index, CI — confidence interval; * p<0.05

TRACK AND FIELD ATHLETES

There were 22 females in the athletics category. The mean value of BMI in active athletes was
20.842.07 kg/m?>.

50% of the whole group reported injuries: meniscus, tendons, hamstring/quadriceps, and lower
back, with 17.6%, 14.7%, 8.82%, and 8.82%, respectively.

In this group, 13 women participated in the marathon or half marathon. Ten of them were aged 35 to
50 years, and three were 50+ years. Medals from the National, Balkan, and European championships were
won by 5, 2, and 2 athletes, respectively. All participants with medals were 18 to 25 years old. A family
history of sports activities and other active family members was reported by 14/22 (61%) respondents, of
whom 11 won medals and had significant sports success. This indicates the importance of positive social
influence on sports success. However, in the control group, there were 10 respondents no longer active in
sports, but who were active and during the active period, had sports success, and did not have a family
history of sports activities. Participants in this group have strong personal motivation, perseverance, and
dedication.

Endurance as a main quality was reported by 61.76%, and 38.24% reported strength. All women
who ran in out marathon/half-marathon reported endurance as the main quality.

In this group of 13 male athletes. The mean value of BMI was 23.16+3.14 kg/m?. Injuries were
reported by 46% of sportsmen: meniscus 23%, tendons 15.4%, and hamstring 7.7%.

Family history of sports activity was 53.18% (7/13), but eleven athletes won medals.

The main quality in 46% of respondents was endurance, and strength was reported by 53.8% of
athletes.

FoorBALL

Thirteen junior female football players were included in this study. The mean value of BMI was
20.76+2.36 kg/m?.

Injuries were reported in 92% of female football players: 54% hamstring/quadriceps, 31% meniscus
and ligaments, and 7.7% discus hernia.

Strength was reported as the main quality in 54% of players, and endurance in 46% of cases. In this
group were reported other difficulties during training (breathing, weakness, and fatigue).
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Active family members in sport were reported in 8/13 girls (61%), and 6 of them noted sports suc-
cess.

In the male football group were 15 sportsmen with a mean value of BMI 23.99+1.89 kg/m”.

47.6% of football players reported injuries: 14.2% had injuries of tendons and ankle joints, and
9.5% each had meniscus and hamstring injury. Nine football players noticed other difficulties as breathing,
weakness, and heart rate, during the training process.

Endurance as the main quality was chosen by 57% of sportsmen in this group, and 43% declared
strength as the main quality.

Half respondents declared about sports success, and all of them had a stimulating social environ-
ment.

BASKETBALL

In this group of respondents, there were 11 male elite basketball players, 3 female basketball play-
ers, and 13 child respondents (aged 13 years) who practice basketball (5 girls and 4 boys).

The survey was completed by elite basketball players who play in the ABA league in KK “Igokea”,
aged 18-32, with an average age of 22.3. The average BMI in this group was 23.61+1.14kg/m?.

Based on the questionnaire, 55.5% of players declared endurance as the main quality, and 44.5%
strength. No one noted any sports injuries.

In the female group, although a small group, the results are shown. BMI was 22.17+2.25 kg/m?. All
respondents noted injuries to the meniscus. The main quality was endurance.

In children’s group BMI for boys was 18.7+1.7, and for girls, 18.64+3.7. Five young basketball play-
ers declared endurance as the main quality, and 4 noted strength.

CONTROL GROUP

In the control group (inactive group), there were 30 respondents, 14 men and 16 women. The con-
trol group had an average height of 185.29+8.3 c¢cm for men and 170.56+5.1 cm for women. The BW was
87.71£13.56 kg for males and 63.44+9.13 kg for females. The corresponding BMIs are 25.59+3.81 kg/m?
for men and 21.7442.4 for women. The highest BMI in the male group was 34, and in the female group
was 26.8. The smallest BMI was 19.6 for males and 17.7 for females. All subjects had at least one chronic
disease (hypertension, diabetes mellitus type 2, insulin resistance, cardiovascular diseases).

COMPARATIVE PRESENTATION OF GENETICALLY CONDITIONED TRAITS IN OBSERVED SPORTS

DISCIPLINES

The ANOVA test is used to compare arithmetic means of body height, body weight, and BMI in
females (Figure 1) and in males (Figure 2) in four different groups.
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Figure 1. Comparative presentation of mean height (Figure 1A), weight (Figure 1B), and BMI (Figure 1C) in the group of
female F&A athletes, football and basketball players, and the control group
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In four observed groups, statistically significant differences are observed in category BW with
p<0.05. Although there is no statistically significant difference between the groups in BMI, it is important
to note that 10 women from the control group were active in sport for many years, and even though they are
not active for more than 5 years, their history of sport activity had a positive influence on the maintenance
of health BMI values.

In the male group, there is a statistically significant p<0.05 in height for basketball players and other
groups.

Figure 2. Comparative presentation of mean height (Figure 2A), weight (Figure 2B) and BMI (Figure 2C) in the group of male
F&A athletes, football and basketball players, and the control group
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The analysis of height in three sports disciplines indicates that the tallest participants were in bas-
ketball, both in females and males. That is the result of positive selection by height for this sport. But, based
on analyses of the other two disciplines and the control group can be concluded that sports activity, espe-
cially in young age, could help to achieve genetically predisposed height (Dubois,2012).

Sports activity has a big influence on the value of BMI. Even in those who are no longer active in
sports, their past activities have a positive effect on BMI values. The biggest variation in BMI was in the
male control group. There is an increase in BMI, which, once more time, elucidates that physical activity is
crucial for the maintenance of healthy values of BMI.

THE MAIN QUALITY (ENDURANCE AND STRENGTH) OF THE THREE SPORTS DISCIPLINES
In this study, respondents self-assessed their main quality. The results are shown in Figure 3.

Figure 3. Comparative presentation of self-assessment about the main quality (endurance or strength) between female (Figure
3A) and male (Figure 3B) F&T athletes, football, and basketball players
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Endurance was the main quality for the male football and basketball players and female basketball
and field and track athletes. Strength was the main quality of female football players and male field and
male field and track athletes. Endurance is the key quality in long-duration sports, while strength plays a
major role in short-duration activities.
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It could be interesting to compare the results of genetic testing for genetic markers of endurance and
strength, and self-assessment of these respondents in some future projects.

INFLUENCE OF A POSITIVE SOCIAL ENVIRONMENT ON SPORTS SUCCESS

In the female sports group, 37 women had positive family sports activity, and 25 of them (67.6%)
had significant sports success in international or national competitions. The other 21 female participants
had no positive family history, but 12 of them (57%) had success in sports.

In the male group, 24 men had positive family sports activity, and 18 of them (75%) had significant
sports success in international or national competitions. The rest of the 20 sportsmen had no positive family
history, but 12 of them (60%) had won medals. (Figure 4)

Figure 4. Correlation between family history of sports activity (positive or negative) and sports success in women and men

Based on these results, it is obvious that a positive social environment had a significant influence on
sports success, but personal motivation, dedication, and determination could not be ignored.

INFECTION DISEASES

In the survey, respondents reported being aware of infectious diseases such as coronavirus, Epstein-
Barr virus, and Kaposi’s sarcoma-associated herpesvirus (KSHV), also known as Kocsakyi virus. Viral infec-
tions can cause health problems, which can reduce physical and athletic performance, but on the other hand, it
was expected that active athletes had a stronger immune response and lower rates of viral infections.

In this research, only fourteen responders (11.8%) got COVID-19. That is a significantly lower rate
than 42.4% in the common population (in 2022) (https://www.unicef.org/bih/media/7481).

Mononucleosis caused by EBV was reported in 3 athletes (2.52%). Mononucleosis is not uncom-

mon in Bosnia and Herzegovina — it regularly ranks among the 5 to 10 most common infectious diseases.
In this research, EBV infection was quite rare in the specific population of sportsmen and women.

CONCLUSION

Based on the results presented in this study, several conclusions were drawn. The tallest male par-
ticipants are basketball players; both females and males are significantly taller than the average in the
general population in Bosnia and Herzegovina. This is a sign that positive selection by height was present
in basketball. Sports activity at a young age could help to achieve genetically predisposed height. Sports
activity has a big influence on BMI, even after stopping sports. The highest BMI was noted in the control
inactive men group. A strong correlation was found between a family history of engaging in sports and the
personal athletic success of the participants in all three examined sports categories, highlighting the im-
portance of a stimulating and supportive environment for athletic achievements. The highest percentage of
injuries was found among female football players. The most frequent injury in all three sports disciplines
was injury of the meniscus and tendons. None of the participants from the three sports categories reported
chronic health problems, while all individuals in the control group reported certain health issues (hyperten-
sion, insulin resistance, or diabetes). Genetic testing is important for determining athletic predispositions at
an early age, as well as for the early detection of hereditary diseases that may lead to fatal outcomes during
intense physical activity. Based on such findings, it would be possible to implement protective and preven-
tive genetic testing, especially for those young sportsmen who plan to pursue professional activity in sports.
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