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Abstract  

The catechol-O-methyltransferase (COMT) gene rs4680 polymorphism, primarily linked to psychological traits, has been limitedly studied in 
the key athletic abilities including endurance, speed, and power. Thus, the current investigation sought to explore any possible connections between 
the rs4680 polymorphism in the COMT gene and competitive performance among Turkish high-level track & field athletes. As a part of an 
ongoing project, this study engaged 60 elite athletes, categorized into two distinct groups based on their specialty (31 sprint/power athletes and 
29 endurance athletes). To provide a comparative baseline, a control group consisting of twenty sedentary individuals aged between 18 and 35 
was also incorporated. The assessment of participants' performance levels is conducted using the methodology established by the International 
Association of Track & Field Federations (IAAF), which is based on personal bests (PBs). Whole exome sequencing (WES) was used in 
the research to analyze genomic DNA that was taken out of participant blood samples. The objective was to use linear regression models for the 
analysis of many variables, including gender, PBs, and the category of sport. These models facilitated comparisons both within and between the 
athletic groups and controls. Comparisons between and between the athletic groups and controls were made easier by these models. The distribution 
of the COMT gene rs4680 polymorphism in terms of genotypes (AA, GA, and GG) did not change significantly between the athlete and the 
control group or within the athletic groups, according to the research (p>0.05). In a similar vein, the research did not discover any connections of 
note between athletes' PBs in the sprint/power or endurance categories and the rs4680 polymorphism. Based on these findings, the research 
concludes that there is no meaningful relationship between the COMT gene's rs4680 polymorphism and the competitive performance of the 
Turkish high-level track and field athletes under investigation. To have a clearer understanding of the influence of this polymorphism on athletic 
performances, future study with larger numbers of participants is recommended.   
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INTRODUCTION 

Over the years, several aspects have been closely examined to enhance the performance of  athletes. The 
parameters included in this list are training at high altitudes, the variety of  muscle fibers, nutrition customized 
for certain sports, methods for recovery, maximal oxygen consumption (MaxVO2), biomechanical and physical 
fitness. Coaches and scientists extensively study these factors, making them highly studied issues (Maciejewska-
Skrendo et al., 2019; Ahmetov et al., 2022; Bulgay et al., 2023). However, over the past twenty years, in addition 
to environmental influences, progress in genetics has started to emphasize the significance of  hereditary 
determinants in athletic performance. These advancements have established genetics as a vital field of  study in 
relation to its influence on an athlete's performance. Each year, scientists are increasingly focusing their study 
on identifying specific genes that influence athletic ability (Ahmetov et al., 2015; Bojarczuk et al., 2022; Kumagai 
et al., 2023; Semenova et al., 2022). Recent studies have linked 251 genes—roughly 20 of  which are associated 
with extraordinary performance in elite athletes—to various aspects of  sports. This group includes 41 genes 
linked to strength, 45 genes linked to power, and 42 genes linked to endurance (Semenova et al., 2023). 

Research suggests that an athlete's performance is not exclusively determined by their physical and physiological 
abilities but is also greatly affected by psychological elements such as motivation, stress, anxiety, and addiction. 
This highlights the significance of  mental well-being in addition to physical training for athletes striving to 
attain peak performance (Voelcker-Rehage et al., 2015; Abe et al., 2017; Çetin et al., 2021). The 
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interconnectedness of  mental resilience, emotional stability, and physical prowess suggests the need for a 
comprehensive approach to sports training. Sports psychogenetics is the scientific discipline that investigates 
the interaction between psychological elements and genetic components in sports (van Breda et al., 2015; 
Valeeva et al., 2019). This field underscores the importance of  maintaining a harmonious emphasis on both 
mental and physical aspects to attain exceptional performance in athletes. It emphasizes that mental resilience 
is a crucial element for obtaining success. Research in this field examines the degree to which psychological 
traits (such as cognitive ability, memory capacity, reaction time, and personality) of  athletes are influenced by 
genetics. It also explores how these traits may be connected to athletic success, as well as the genetic variations 
in the nervous system that can be linked to an individual's athletic status and personality traits (Voelcker-Rehage 
et al., 2015; Abe et al., 2017; Valeeva et al., 2019). Recent studies have identified genetic polymorphisms 
responsible for individual differences in cognitive abilities. Based on these findings, it is believed that genetic 
variations linked to variations in cognitive ability may also impact the competitive performance of  athletes (van 
Breda et al., 2015; Voelcker-Rehage et al., 2015; Abe et al., 2017; Valeeva et al., 2019). However, there absence 
of  a lot of  studies that examine the connection between athletic performance and genetic variants associated 
with cognitive capacities. 

One of  the genes studied in the field of  sports psychogenetics is the catechol-O-methyltransferase (COMT). 
The COMT gene is localized on 22q11.2 and is responsible for the breakdown of  catecholamine compounds, 
including dopamine, noradrenaline, and adrenaline. The Val158Met or rs4680 is the most well researched single 
nucleotide polymorphism (SNP) in the COMT gene. This genetic variation in the COMT gene results in 
alterations in the functionality of  the COMT enzyme, which is accountable for controlling the breakdown of  
dopamine (van Breda et al., 2015; Voelcker-Rehage et al., 2015; Abe et al., 2017; Humińska-Lisowska et al., 
2023). Research has established that these alterations had a role in the onset of  certain illnesses, such as 
schizophrenia, bipolar disorder, obsessive-compulsive disorder, and migraines. Additionally, they are also 
associated with the manifestation of  aggressive, emotional reactions, motivation, and antisocial behaviors 
(Malhotra et al., 2002; Bilder et al., 2002; Handoko et al., 2005; Bertolino et al., 2006; Bosia et al., 2007; Mata et 
al., 2008; Stroth et al., 2010; Huang et al., 2016; Valeeva et al., 2020; Varma et al., 2011; Zmijewski et al., 2021; 
Lee et al., 2022). 

Upon reviewing the pertinent literature, it becomes evident that there are just a few research that have examined 
the correlation between the COMT gene rs4680 polymorphism and athletic performances. The aim of  this 
study is to investigate the genetic variations, particularly in the rs4680 polymorphism, among top sprint/power 
and endurance athletes, with sedentary individuals as the control group. Furthermore, this study aims to 
investigate the potential association between the rs4680 polymorphism and personal bests (PBs) of  the athletes. 
To the knowledge of  the current study, this is the first investigation into the connection between the rs4680 
polymorphism and high-level Turkish track and field athletes. It is hypothesized that there will be significant 
differences in the genotype and allele frequencies of  the rs4680 polymorphism between sprint/power athletes 
and endurance athletes. Moreover, the research anticipates that individuals with the AA genotype will exhibit 
superior athletic performance. 

METHODS 

Ethical Approval 

The study was conducted in compliance with the Declaration of  Helsinki and received clearance from the Gazi 
University Non-Interventional Clinical Research Ethics Committee on April 05, 2021, with decision number 
09. 

Participants 

Before the initiation of  the trial, individuals from both the athlete and control groups were required to provide 
consent forms and demographic information. This study included a cohort of  60 high-level track and field 
athletes, who were divided into two primary groups: sprint/power athletes (sprinters, throwers, and jumpers) 
and endurance athletes (long-distance runners). 
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Among the sprinter/power athlete category, there were 11 female participants, accounting for 35.5% of  the 
total, and 20 male athletes, making up 64.5% of  the whole. The endurance athlete section consisted of  10 
female competitors, accounting for 34.5% of  the total, and 19 male athletes, accounting for 65.5% of  the total.  

The study also involved 20 control participants, who were sedentary individuals and volunteered for the study. 
All athletes were affiliated with the Turkish Track & field Federation, held licenses in their respective sporting 
disciplines, and adhered to a strict training regime, engaging in their sport for at least six days a week. All 
participants were Caucasians. 

The participants were classified into two categories: sprint/power athletes or endurance athletes, based on the 
distance, length, and energy demands of  their respective sports. All athletes achieved a national ranking within 
the top 10 in their respective sports. The members of  the elite group have taken part in prestigious international 
tournaments including the European Championships, Universiade, Mediterranean Games, and Balkan 
Championship. The sprint/power group consisted of  competitors specializing in disciplines that primarily need 
anaerobic energy generation. The individuals in this cohort consisted of  athletes specializing in 100–400-meter 
sprints, jumping events, and throwing events. The endurance athlete group consisted of  athletes that mostly 
participated in long-distance events that heavily relied on aerobic energy generation. This group consisted of  
runners participating in the 3000m, 5000m, 10000m, and marathon events. 

Athletic Performance 

The research evaluated the performance of  the athletes by utilizing the scoring system developed by the 
International Association of  Track & Field Federations (IAAF), currently known as World Athletics, as outlined 
by Spiriev (Spiriev, 2014). 

Whole Exome Sequencing 

A commercial DNA isolation kit (DNeasy Blood and Tissue Kit; Qiagen, Germany) was used to obtain 
genomic DNA from the blood samples of  the participants. After isolation, a NanoDrop (NanoDrop 1000 
Spectrophotometer; Thermo Scientific, USA) was used for the determination of  the concentrations and purity 
of  the DNAs. 

For Whole Exome Sequencing (WES), DNAs were processed as libraries using Twist Human Comprehensive 
Exome Panel (Twist Biosciences, USA) in which DNA was fragmented, barcoded, size-selected, hybridized to 
the Twist Hybridization probes and PCR amplified according to the supplier’s instructions. After determination 
of  concentrations using Qubit fluorometer (Thermo Scientific, USA), the libraries were run in Illumina 
NextSeq500 (Illumina Inc., USA) according to the standard protocol of  the manufacturer. 

Genome Analysis Toolkit (GATK) was first preferred for raw data processing (Van der Auwera et al., 2013). 
Alignments and variant calls were carried out using HaplotypeCaller program using GRCh38/hg38 human 
reference genome. ANNOVAR (Wang et al., 2010) was used for the variant annotations. 

Analysis 

In the current research, the statistical analyses were conducted using SPSS statistical package version 25.0 for 
Mac. A power analysis, carried out with the G*Power 3.1 software, was used to determine the necessary number 
of  study participants. Effect sizes were defined as 0.10 for small, 0.30 for medium, and 0.50 for large, in line 
with Cohen's recommendations (Cohen, 1988). The research aimed at a large effect size of  0.50. Seeking a 95% 
power and an alpha level of  0.05, the analysis indicated that a minimum of  80 participants was required 
according to the X2 tests: Goodness-of-Fit test for the Contingency model.  

The study determined the frequencies of  genotypes and alleles for the polymorphism and evaluated whether 
they followed the Hardy-Weinberg equilibrium. This was done using either the chi-square test or Fisher's exact 
test, depending on the adequacy of  the data. A one-way ANCOVA was conducted to investigate the relationship 
between the rs4680 polymorphism of  the COMT gene and personal best performances in athletes. The analysis 
included adjustments for variables such as sex and years of  experience in sports. To validate the robustness of  
these connections, linear regression models were utilized across a range of  genetic frameworks, encompassing 
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co-dominant, dominant, recessive, over-dominant, and additive models. The linear regression analysis yielded 
95% confidence intervals for each connection. The SNPStats software (Sole et al., 2006) was used to validate 
the results, assisting in the examination of  allele and genotype frequencies and the implementation of  
association studies. P -value < 0.05 were considered statistically significant. 

FINDINGS 

The objective of this study is to investigate any potential correlation between the COMT rs4680 polymorphism 
and the performance of a group of elite Turkish athletes in PB/competitive events, compared to a control 
group. 

Firstly, the frequencies of genotypes and alleles were determined. Based on the findings, there were no 
statistically significant variations seen between the AA, GA, and GG genotypes within and across the groups 
(p>0.05). In terms of allele frequencies, although the count of allele A was greater than that of allele G, there 
were no statistically significant differences seen within or between the groups (p>0.05; Table 1). 

Table 1. Genotype and allele frequencies of rs4680 polymorphism in elite athletes and controls 

Disciplines Genotype p-value Allele p-value 

 AA GA GG 

0.33 

A G 

0.45 
Sprint/power 16(45.2%) 11(35.5%) 6(19.4%) 43(65.2%) 23(34.8%) 

Endurance 11(37.9%) 13(44.8%) 5(17.2%) 35(60.3%) 23(39.7%) 

Controls 4(20.0%) 13(65.0%) 3(15.0%) 21(52.5%) 19(47.5%) 

Finally, the study examined the potential correlation between the COMT rs4680 polymorphism and personal 
bests (PBs) in sprint/power and endurance athletes. Various genetic models, including codominant, dominant, 
recessive, and over-dominant, were used for the analysis. The results indicated that there were no significant 
associations between the rs4680 polymorphism and PBs in both the sprint/power (p>0.05; Table 2) and 
endurance (p>0.05; Table 3) athlete categories. 

Table 2. rs4680 association with the PBs within the sprint/power athletes 

Model Genotype n Mean score (PB) Difference (95% CI) p-value 

      Codominant 

AA 14 998.36 0.00  

GA 11 961.36 -15.44 (-99.21– 68.34) 0.69 

GG 6 1030.67 33.02 (-65.78 – 131.82)  

Dominant 
AA 14 988.36 0.00 

0.93 
GA-GG 17 985.82 3.37 (-68.20 – 74.93) 

Recessive 
AA-GA 25 976.48 0.00 

0.43 
GG 6 1030.67 37.99 (-55.50 – 131.49) 

Over-dominant 
AA-GG 20 1001.05 0.00 

0.57 
GA 11 961.36 -23.09 (-102.82 – 56.64) 

Table 3. rs4680 association with the PBs within the endurance athletes 

Model Genotype n Mean score (PB) Difference (95% CI) p-value 

 
Codominant 

AA 11 1015.09 0.00 

0.64 GA 13 1038.38 23-56 (-42.02 – 89.13) 

GG 5 995.4 -9.80 (-93.03 – 73.43) 

Dominant AA 11 1015.09 0.00 
0.65 

GA-GG 18 1026.44 14.28 (-47.36 – 75.92) 

Recessive AA-GA 24 1027.71 0.00 
0.51 

GG 5 995.4 -24.33 (-96.33 – 47.66) 

Over-dominant AA-GG 16 1008.94 0.00 
0.35 

GA 13 1038.38 27.31 (-28.90 – 83.52) 

DISCUSSION 

To date, numerous studies have shown that athletic performance in high-level track & field athletes is the result 
of  a complex interaction among various factors such as environmental, nutritional, physical, physiological, 
biomechanical, sociocultural, and genetic elements (Eynon, et al., 2013; Joyner, 2019; Varillas-Delgado et al., 
2022). Research in track & field as additionally highlighted the importance of  phenotypes such as endurance 
and sprint/power for athletes to achieve excellence (Buxens et al., 2011; Eynon, et al., 2013; Bulgay et al., 2023).  
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When the relevant literature is examined, most studies investigating the relationship between genetic factors 
and athletic performance in high-level athletes have explored different genes and/or polymorphisms in these 
genes (Eynon et al., 2011; Pitsiladis et al., 2013; Salinero et al., 2017; Maciejewska-Skrendo et al., 2019; Kikuchi 
et al., 2021). Nonetheless, there is a scarcity of  studies that specifically investigate the correlation between the 
COMT gene rs4680 polymorphism and athletic performance in elite track and field athletes. The aim of  this 
study was to investigate the genetic differences between persons who lead a sedentary lifestyle and those who 
are highly trained in sprint/power and endurance training, with a specific focus on the rs4680 polymorphism. 
Moreover, this study aimed to investigate the potential link between the rs4680 polymorphism and personal 
bests (PBs) of  the athletes. To our best knowledge, the current study is the first investigation to determine 
whether the rs4680 polymorphism associates the athletic performance of  high-level track & field athletes in 
Turkish population in a perspective of  the cognitive ability associated gene, COMT. Upon examining the 
findings of  the current study, no significant differences in genotype and allele frequencies between groups were 
identified. Furthermore, no relationship was found between the rs4680 polymorphism and PBs of  the athletes 
within each athletic group. Therefore, the research hypothesis was not supported, and it was concluded that the 
rs4680 polymorphism was not an effective indicator for distinguishing differences between the specified athlete 
groups in Turkish population. 

The COMT gene is responsible for the production of  an enzyme that is key in breaking down neurotransmitters, 
including dopamine, primarily in the midbrain region (Humińska-Lisowska et al., 2023). The Val158Met variant, 
also referred to as the rs4680 polymorphism within the COMT gene, can lead to notable variations in the 
enzyme's functioning based on the genotype (Voelcker-Rehage et al., 2015). The AA genotype is linked to 
reduced enzyme activity, heightened enzyme sensitivity to temperature (thermolability), and raised dopamine 
levels. These traits can result in a range of  physiological consequences. In contrast, the GG genotype is 
associated with increased enzyme activity, normal susceptibility to heat, and decreased dopamine levels, which 
can also impact other physiological functions (Zmijewski et al., 2021). 

Multiple studies have indicated that the COMT rs4680 polymorphism is a genetic variant that impacts cognitive 
performance (Valeeva et al., 2020; Lee et al., 2022). These studies have found that the COMT Val/Met 
polymorphism is involved in the development of  schizophrenia and impacts the functioning of  the prefrontal 
cortex (PFC) and hippocampus. Individuals who carry the Met allele, which has reduced enzyme activity, tend 
to have superior cognitive performance (Bilder et al., 2002; Handoko et al., 2005; Bosia et al., 2007). According 
to Malhotra et al. (2002), their research revealed that those who carry the Met allele demonstrated superior 
performance in executive tasks, even among those who were considered healthy volunteers. Bertolino et al. 
(2006) found that those who carry the Met allele showed a more favorable clinical response to antipsychotic 
medications and experienced cognitive improvement (Bertolino et al., 2006). In contrast to these observations, 
some researchers have found no correlation between COMT Val/Met polymorphisms and vulnerability to 
schizophrenia or cognitive functions (Mata et al., 2008; Huang et al., 2016). 

Several research have indicated that the COMT rs4680 polymorphism is one of  the genetic variations that 
affects athletic performance, in addition to cognitive ability. In a study conducted by Abe et al. (2017) on 
swimmers, it was found that competitive swimmers who had the Met amino acid (allele A) of  the Val158Met 
polymorphism performed better in competitions compared to those who had the Val/Val amino acid 
combinations (allele G). The researchers proposed that individuals harboring the Met allele may have improved 
competitive performance due to stronger emotional and self-regulation abilities, which are boosted by increased 
dopamine levels in the prefrontal cortex (PFC). Furthermore, researchers suggests that swimmers with the 
Val/Val genotype may enhance their athletic performance by engaging in rigorous training regimens designed 
to boost their aerobic capacity. A study conducted with 75 participants who participated in a 17-week running 
program discovered that individuals with the Val/Val genotype shown improved executive skills after 
completing their aerobic exercise routine, in comparison to those who had the Met allele. The results indicate 
that enhancements in physical fitness resulted in enhanced cognitive function, most likely by influencing the 
regulation of  dopamine pathways (Stroth et al., 2010). Although the current study did not find any statistically 
significant differences in endurance sports depending on genotype, it did discover that athletes with the AA 
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genotype had higher average performance scores compared to those with other genotypes. These results are 
consistent with the findings of  the current investigation and the existing literature. 

In the present investigation, although there were no statistically significant differences in genotype and allele 
frequencies, it was noticed that the number of  persons with the A allele was consistently larger across all groups. 
A drawback of  this study was the lack of  psychological phenotypic data, which limits the ability to analyze and 
understand the results from both a genetic and psychological standpoint. Previous study indicates that 
individuals with the A gene may demonstrate enhanced cognitive and athletic abilities (Voelcker-Rehage et al., 
2015; Valeeva et al., 2020; Zmijewski et al., 2021; Lee et al., 2022). However, additional research is needed to 
confirm these views. However, relevant literature and the current study finding suggests that hereditary 
structures may have a crucial impact on comprehending the psychological and athletic characteristics of  
athletes. 

There are several limitations in the current study. Its small sample size, which could potentially weaken the 
statistical significance of  the findings. Moreover, the athlete participants exhibit a significant lack of  variability 
in their phenotypic features. This is further exacerbated by the omission of  psychological phenotypic data, 
which could offer more profound understanding of  athlete performance and resilience. In addition, the study 
fails to address epigenetic variables, disregarding the possible influence of  environmental factors on the 
regulation of  gene expression over a period. Conversely, the homogeneity among the groups of  athletes can be 
viewed as an advantageous component of  this study because it enables more precise comparisons under 
controlled conditions. 

CONLUSION 

The study's findings indicate that there is no substantial correlation between the rs4680 polymorphism in the 
COMT gene and competitive performance among the group of  Turkish high-level track & field athletes that 
were evaluated. Nevertheless, it is recommended that additional study with a bigger sample size be conducted 
to have a more conclusive understanding of  the influence of  this polymorphism on athletic performance. This 
advice emphasizes the necessity for more extensive investigations to potentially reveal nuanced genetic factors 
that can impact sports performance, which may not be identifiable in smaller sample groups. 
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