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Possible relationship between 
genetic polymorphisms and 
the risk of exercise addiction 
among Turkish elite athletes: an 
exploratory pilot study
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Z. Nihan Yildirim6, Hasan H. Kazan7, Mark D. Griffiths8, Mehmet A. Ergün9 & Attila Szabo10

Exercise addiction (EA) is a complex behavioral phenotype characterized by a loss of control over 
exercise despite adverse physical, psychological, and social consequences. Although its psychological 
and performance-related aspects have been widely studied, its underlying etiology remains largely 
unclear, leading to increased interest in potential genetic vulnerability. Therefore, an exploratory 
pilot study investigated genetic variants associated with EA among elite athletes using a genome-
wide association study (GWAS). The study comprised 168 Turkish elite athletes. Allele frequencies of 
critical single-nucleotide polymorphisms (SNPs) were further assessed among a comparison group 
of 5137 healthy individuals using data from a publicly available database. EA was assessed using the 
Exercise Addiction Inventory. Genome-wide genotyping was conducted using a DNA microarray, and 
associations were examined using linear mixed models adjusted for sport discipline, sex, age, and 
training experience. Although no variants reached genome-wide significance (p < 1.11 × 10− 7), 11 SNPs 
exceeded the suggestive significance threshold (p < 1.00 × 10− 5), including rs79233502, rs13318101, 
rs7699799, rs4690145, rs3799055, rs7789550, rs73682313, rs6577987, rs117523538, rs7312447, and 
rs113672848, which were identified as potentially associated with EA. Notably, previous studies have 
also reported an association between rs7789550 and alcohol dependence. The present exploratory 
pilot study provides preliminary evidence regarding genetic variants that may be associated with EA 
among elite athletes. However, given the limited sample size, exploratory design, and absence of 
an independent replication cohort, the findings should be interpreted with caution and considered 
hypothesis-generating. Further studies with larger independent cohorts are required to replicate and 
validate these findings.
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 Exercise addiction (EA) is increasingly recognized as a form of behavioral addiction in exercise sciences, 
medicine, and health psychology, reflecting its growing scientific and clinical relevance1. EA is characterized by a 
persistent loss of control over exercise behavior, whereby individuals continue to engage in exercise despite clear 
physical, psychological, and social impairment2–5. When prevented from exercising, affected individuals typically 
experience withdrawal-like symptoms, including psychological distress and intense urges, which further reinforce 
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compulsive and repetitive training patterns6. These processes closely resemble the craving, reinforcement, and 
loss-of-control cycles observed in substance-related addictions7–9. EA is commonly conceptualized as either 
primary or secondary. In primary EA, exercise itself is the primary source of reinforcement, whereas in secondary 
EA, excessive exercise is driven primarily by weight-control or body-image concerns. Although this distinction 
is not always clear-cut, primary EA appears to be particularly prevalent among elite athletes, who are exposed to 
high training volumes, intense competitive pressure, and strong performance-related incentives2,8.

Consistent with this framework, EA shares core features with other non-substance-related addictive behaviors, 
such as gambling disorder, gaming disorder, compulsive buying disorder, and compulsive sexual behavior 
disorder10,11. These disorders are supported by overlapping neurobiological and psychological mechanisms, 
particularly those involved in reward sensitivity, motivational salience, and impulse control12. Despite this 
growing body of evidence, EA has not yet been formally recognized as a distinct diagnostic entity in the fifth 
edition of Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and is only and indirectly (regarding 
“other specified disorders due to addictive behaviors”) referenced in the 11th revision of the International 
Classification of Diseases (ICD-11)13,14, underscoring the need for stronger empirical and biological support for 
its clinical validity as a psychiatric dysfunctional behavior15.

Although research on EA has expanded substantially over the past two decades2,16–18, prevalence estimates 
remain highly inconsistent across sports, cultures, and assessment methods. This heterogeneity indicates that 
the etiological mechanisms underlying EA are incompletely understood. To address this limitation, recent 
research has increasingly turned to genetic approaches. Within the emerging field of sport psychogenetics, EA 
is conceptualized as arising from interactions between environmental stressors and biological vulnerability19.

Accordingly, several candidate-gene studies have reported associations between EA-relevant psychological 
traits and polymorphisms in the genes involved in dopaminergic signaling, neuroplasticity, emotional regulation, 
and motivational control20–26. However, candidate-gene approaches are inherently limited in their capacity to 
capture the highly polygenic architecture of complex behavioral phenotypes such as EA27,28.

In contrast, genome-wide association studies (GWAS) provide a prior-free framework for examining 
thousands of genetic variants simultaneously, enabling the identification of novel loci, polygenic risk profiles, 
and biological pathways underlying complex traits29,30. GWAS have already identified multiple replicable loci 
associated with substance-related addictions, consisting of 11 loci for smoking, eight for alcohol use, and two 
for illicit drug use, demonstrating the utility of this approach for elucidating the genetic architecture of addictive 
behaviors31. More recently, a GWAS conducted among elite athletes provided possible genomic evidence that 
compulsive exercise is associated with genetic variants involved in dopamine signaling, stress responsivity, and 
neuroplasticity28. Nevertheless, further research is needed to fully delineate the genetic underpinnings of EA.

In this context, the present exploratory pilot study used a GWAS approach to identify potential genetic 
variants associated with EA among elite Turkish athletes. Using a DNA microarray-based platform, thousands 
of genetic variants were screened to identify candidate loci associated with EA-related phenotypes. By analyzing 
genomic data from a relatively small number of elite athletes with EA, the study provides preliminary insights 
into potential genetic factors underlying EA and contributes to the emerging field of sport psychogenetics.

Materials and methods
Ethics
The present study was approved by the Clinical Research Ethics Committee of Fırat University (Approval no: 
2025/15–44). Written informed consent was obtained from all participants prior to participation in the study. 
The study was carried out in compliance with the ethical principles outlined in the Declaration of Helsinki32.

Participants
A total of 168 actively competing elite athletes participated in the present study. The athletes were badminton 
players, cyclists, rowers, and swimmers. Inclusion criteria required athletes to hold national team status, to 
have ranked among the top three in national competitions, or to have competed in major international events. 
Detailed information for the participants is provided in Table 1. For comparative purposes, genotyping data 
from 5,137 healthy individuals obtained from the Turkish Genome Project (TGP) database ​(​​​h​t​t​p​s​:​/​/​t​g​d​.​t​u​s​e​b​.​
g​o​v​.​t​r​/​​​​​; accessed May 20, 2026) were used as a comparison group. Here, specific SNPs were manually screened 
in the database, and allele and genotype frequencies were obtained when the corresponding SNP was listed. All 
participants in the study were Turkish nationals and reported Caucasian origin.

Exercise Addiction Inventory (EAI)
The Exercise Addiction Inventory (EAI), developed by Terry et al.33, is a brief and reliable instrument designed 
to assess individuals’ risk of exercise addiction (REA). The scale consists of six items (Table 2) rated on a five-
point Likert scale from 1 (strongly disagree) to 5 (strongly agree). The EAI is based on the components model 

Sport discipline N Mean age ± SD (years) Sex (male/female) Sport experience ± SD (years)

Badminton 88 17.11 ± 4.32 43/47 9.25 ± 3.88

Cycling 26 16.58 ± 1.55 23/3 4.81 ± 1.91

Rowing 29 19.79 ± 3.64 24/5 6.00 ± 2.28

Swimming 25 14.68 ± 6.03 11/14 5.00 ± 1.60

Table 1.  Demographic characteristics of the elite athletes (N = 168). SD: Standard deviation.
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of addiction and encompasses the core dimensions of addictive behavior. Initial validity and reliability studies 
have demonstrated that the scale has good psychometric properties. The Turkish adaptation of the scale was 
validated among a sample of university students34. Moreover, significant correlations between the EAI and the 
Sport Engagement Scale supported the concurrent validity of the Turkish version (data not shown).

Genotyping

(1)	 Minor allele frequency was fixed to 0.01 to investigate variants as polymorphisms,
(2)	 Genotype call rate (rate of non-missing variants) was selected as 0.90 for further analyses,
(3)	 Only autosomal chromosomes were evaluated for investigations,
(4)	 Highly related individual samples were excluded for statistical analyses (samples with co-ancestry coeffi-

cients > 0.45 were removed).

At the end of the QC evaluations, a total of 168 players (two sets of participants were identical twins) with 
449,699 variants were selected for further investigation.

Statistical analysis
The statistical analyses were conducted using the Plink 2.0 software with univariate linear mixed models as 
follows35.

	 y = Xb + wa + e

where y is the phenotype of EA scores, X  is the model matrix of fixed effects, including sports disciplines, sport 
experience, age, and sex, and the first two components of Principal Components to reduce population strata bias, 
b is the effect sizes of the relevant fixed effects, w is the marker genotype vector coded with allelic substitution, a 
is the effect of the relevant variant, and e is the error term of the model 

(
e ∼ N

(
0, Iσ2

e

))
.

Additionally, hypothesis tests of the variants’ effects (deviated from zero) were evaluated using Wald’s 
Significance Test. To reduce the False Discovery Rate, both Bonferroni-corrected (1.00 × 10− 7) and suggestive 
thresholds (1.00 × 10− 5) were selected35,36. The p-values of observed vs. expected significance are shown in a QQ 
plot, and the results of the genome-wide association analysis are shown in a Manhattan plot for the EA. Finally, 
possible effects of SNPs which may be linked to EA in the present cohort were evaluated using GTEx Portal 
(https://www.gtexportal.org/; accessed on May 19, 2026).

An a priori power analysis was conducted using G*Power 3.1 (Heinrich-Heine University, Düsseldorf, 
Germany) for a linear multiple-regression: Fixed model, R2 deviatiın from zero. The analysis was performed 
with α = 0.05, statistical power = 0.95, an effect size of ρ² = 0.15, and four predictors (sport discipline, sex, age, 
and training experience). The results indicated that a minimum sample size of 129 participants was required. 
Accordingly, 168 elite athletes were included in the study, yielding an actual statistical power of 0.95. However, 
the authors acknowledge that the sample size remains modest for genome-wide analyses. Therefore, the findings 
are interpreted as exploratory and hypothesis-generating rather than confirmatory.

Results
The present study comprised athletes from four different sport disciplines: badminton, cycling, rowing, and 
swimming. In the cohort, the number of badminton players (n = 88) was higher than that of athletes from 
other sports (26 cyclists, 29 rowers, and 25 swimmers). Similarly, ages, sexes, and sports experience also 
varied markedly within and/or between the athlete groups (Table 1). Study groups and different sports were 
intentionally selected to increase participant numbers, which is a limitation in sport genetics, especially when 
using the GWAS approach.

The EA status of the athletes was examined using the EAI. The results highlighted a marked deviation in 
the EA profiles of the athletes across the sports disciplines (Table 2). The mean scale score for rowers was the 
highest (20.68 out of 30; SD ± 1.17), indicating that this group had a greater risk of EA than individuals from 
other sports. However, given the heterogeneity of the study groups, EAI addiction scores were not compared 
between groups because this was not the study’s primary aim. Moreover, all participants were combined into 

Item33

Mean average score per item ± SD

Badminton Cycling Rowing Swimming

Exercise is the most important thing in my life 3.68 ± 0.23 4.11 ± 0.28 4.10 ± 0.27 4.00 ± 0.38

Conflicts have arisen between me and my family and/or my partner about the amount of exercise I do 2.29 ± 0.24 2.03 ± 0.40 2.17 ± 0.42 2.32 ± 0.51

I use exercise as a way of changing my mood 2.67 ± 0.22 2.53 ± 0.41 2.89 ± 0.40 2.76 ± 0.62

Over time I have increased the amount of exercise I do in a day 3.91 ± 0.16 3.65 ± 0.45 4.13 ± 0.37 3.88 ± 0.42

If I have to miss an exercise session, I feel moody and irritable 3.34 ± 0.23 3.30 ± 0.36 3.86 ± 0.41 3.44 ± 0.41

If I cut down the amount of exercise I do, and then start again, I always end up exercising as often as I did before 3.11 ± 0.25 3.07 ± 0.46 3.51 ± 0.47 4.04 ± 0.42

Average total points* 19.02 ± 0.81 18.73 ± 1.20 20.68 ± 1.17 20.44 ± 1.6

Table 2.  Mean EA item scores by athlete group. *Average of total points of six items (maximum value is 30) 
within each group
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a single group, and an attempt was made to associate SNPs with EAI scores continuously without grouping as 
addicted or not (Fig. 1).

The results are presented as Manhattan Plots in Fig. 2. Given the genome-wide significance (p < 1.11 × 10− 7), 
none of the SNPs were statistically significant in their association with addiction scores. However, SNPs, 
rs79233502, rs13318101, rs7699799, rs4690145, rs3799055, rs7789550, rs73682313, rs6577987, rs117523538, 
rs7312447, and rs113672848 exceeded the suggestive significance threshold (p < 1.00 × 10− 5), which may be 
linked to EA status in the present cohort (Table 3). Amongst these variants, rs79233502, rs13318101, rs3799055, 
rs7312447, and rs113672848 were in the genes gastrokine 3, pseudogene (GKN3P), LOC101928166, adhesion G 
protein-coupled receptor B3 (ADGRB3), long intergenic non-protein coding RNA 1619 (LINC01619), and zinc 
finger protein 480 (ZNF480), respectively, whereas other variants were intergenic. rs117523538 and rs7312447 
negatively associated with addiction scores, while the others were positively associated.

The allele frequencies of the detected SNPs were also screened in the national genome database of Türkiye 
in which data from 5,137 healthy individuals are listed. Accordingly, the frequencies were like those reported 
in the present study (Table 3). Importantly, the frequencies of rs4690145 and rs7789550 were relatively high, 
limiting their discriminatory power compared to the healthy Turkish population. However, the frequencies of 

Fig. 2.  Manhattan plot illustrating SNP associations across all autosomal chromosomes, with each point 
representing a SNP and colored by chromosome.

 

Fig. 1.  QQ plot showing the observed and expected logarithmic significance values for the EA trait.
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other variants were critically low in the population, suggesting that athletes with these variants would tend to be 
more at risk of EA.

Finally, the possible effects/linkage of the SNPs on/with the expression of any genes in specific tissues 
were explored using the GTEx Portal. Accordingly, rs4690145 was linked to the downregulation of ANTXR 
cell adhesion molecule 2 (ANTXR2) in artery and nerve, and prostate cancer associated transcript 4 (PCAT4) 
in prostate; rs7789550 in downregulation of CRPPA antisense RNA 1 (CRPPA-AS1) in skin and mesenchyme 
homeobox 2 (MEOX2) in esophagus; rs117523538 in downregulation of tetraspanin 32 (TSPAN32) in 
hypothalamus and upregulation of synaptotagmin 8 (SYT8) in skin; and rs113672848 in downregulation of 
ZNF480 in skeletal muscle, heart, artery and esophagus (Table 4).

Discussion
The present exploratory pilot study investigated genetic variants potentially associated with EA among elite 
Turkish athletes using a GWAS approach. To the best of the authors’ knowledge, the present study is among the first 
attempts to explore the potential genetic basis of EA among this population. Although no SNP reached genome-
wide significance, 11 SNPs exceeded the suggestive significance threshold and were identified as candidates for 
further investigation. Among these, two SNPs (rs117523538 and rs7312447) were negatively associated with 
higher EAI scores, and nine (rs79233502, rs13318101, rs7699799, rs4690145, rs3799055, rs7789550, rs73682313, 
rs6577987, rs113672848) were positively associated. Moreover, several variants were observed at relatively low 
frequencies in the reference population, highlighting their potential relevance for future research. Additionally, 
four SNPs (rs4690145, rs7789550, rs117523538, and rs113672848) were associated with altered gene expression 
in brain and nerve tissues, suggesting potential biological pathways warranting further investigation. However, 
these findings should be interpreted with caution, given the study’s exploratory nature, limited sample size, and 
the absence of an independent replication cohort.

EA is considered a complex phenotype, influenced by the interaction of multiple genetic and environmental 
factors. In this context, traditional candidate gene association studies may remain limited in reproducibility 
and in their ability to reliably identify genetic susceptibility28. Therefore, GWAS approaches have become 
increasingly important for investigating the genetic basis of complex phenotypes due to their broader and more 
reproducible analytical framework37. However, despite their advantages, GWAS requires large sample sizes to 
achieve sufficient statistical power, which is challenging to achieve among elite athlete cohorts. To minimize 

Variant Affected gene Effect/linkage Tissue Normalized effect size p-value

rs4690145
ANTXR2

Downregulation

Artery-Aorta − 0.16 6.10 × 10− 8

Nerve-Tibial − 0.20 1.90 × 10− 4

PCAT4 Prostate − 0.20 4.70 × 10− 5

rs7789550
CRPPA-AS1

Downregulation
Skin − 0.20 1.30 × 10− 5

MEOX2 Esophagus - Muscularis − 0.11 2.60 × 10− 5

rs117523538
TSPAN32 Downregulation Brain-Hypothalamus − 1.30 7.80 × 10− 6

SYT8 Upregulation Skin 0.55 7.10 × 10− 5

rs113672848 ZNF480 Downregulation

Muscle -
Skeletal − 0.46 1.60 × 10–13

Artery – Tibial − 0.36 1.60 × 10− 7

Esophagus - Muscularis − 0.41 1.80 × 10− 6

Heart - Left Ventricle − 0.24 2.70 × 10− 5

Table 4.  Effects or linkage of the SNPs on the expression of specific genes according to the GTEx Portal.

 

Variant Chr Position Gene Allele Allele frequency Beta Value Standard error p-value TGP allele frequency

rs79233502 2 68,925,532 GKN3P G 0.01 8.29 1.79 8.08 × 10− 6 0.01

rs13318101 3 152,193,737 LOC101928166 G 0.13 2.62 0.57 9.90 × 10− 6 0.13

rs7699799 4 36,722,579 – G 0.06 4.81 1.02 6.16 × 10− 6 0.01

rs4690145 4 79,821,637 – T 0.46 1.73 0.37 7.87 × 10− 6 0.57

rs3799055 6 69,203,285 ADGRB3 A 0.01 9.58 1.96 2.60 × 10− 6 0.01

rs7789550 7 16,021,383 – C 0.46 1.81 0.40 9.69 × 10− 6 0.54

rs73682313 7 17,641,457 – G 0.07 3.98 0.86 8.16 × 10− 6 0.04

rs6577987 8 134,926,755 – G 0.12 2.97 0.57 6.69 × 10− 7 0.13

rs117523538 11 2,293,754 – A 0.04 -4.58 1.00 9.72 × 10− 6 0.04

rs7312447 12 92,095,155 LINC01619 T 0.01 -7.42 1.60 7.42 × 10− 6 0.01

rs113672848 19 52,299,029 ZNF480 GA 0.05 4.00 0.87 8.65 × 10− 6 0.06

Table 3.  Variants and their details whose significance levels were below the suggested threshold 
(p < 1.00 × 10− 5) for the EA trait. Listed alleles correlated with high addiction score.
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the impact of this limitation, individuals from four different sport disciplines were combined, resulting in a 
total of 168 participants. Nevertheless, the demographic characteristics of these groups (number of participants, 
sex, age, and sport experience) differed considerably (Table 1), which may have influenced the results of the 
association. This heterogeneity should therefore be considered when interpreting the findings.

Using EAI scores, levels of exercise addiction symptoms of the participants were evaluated within each sport 
discipline (Table 2). The scores differed across groups, with rowers exhibiting the highest mean EAI scores and 
cyclists the lowest. Previous studies have suggested that the demanding environmental and training conditions 
experienced by rowers may influence athletes’ mood and psychological well-being38. In a study with a large cohort, 
the ratio of EA among cyclists was reported to be significantly lower independent of age, sex, and training39, 
which is consistent with the descriptive findings of the present study. However, given the heterogeneity of the 
participant groups in sample size, sex, age, and sports experience, these observations should be interpreted with 
caution. Further studies involving larger and more homogeneous cohorts are needed to confirm these findings.

In the present exploratory study, 11 SNPs exceeded the suggestive significance threshold and were identified 
as potential candidates for further investigation. Among these, rs7789550 has previously been reported in 
relation to alcohol dependence, suggesting that it may warrant further examination in the context of compulsive 
behaviors more generally40. Similarly, rs3799055, located within the ADGRB3 gene, was significantly associated 
with EA. ADGRB3 belongs to the adhesion G protein-coupled receptor (GPCR) family and is involved in several 
central nervous system processes, including axon guidance, myelination, and synaptic organization. Previous 
studies have linked SNPs and copy number variations in ADGRB3 to various psychiatric disorders41, suggesting 
that rs3799055 may contribute to neurobiological mechanisms underlying addictive behaviors. In addition, a 
GWAS approach has identified a genome-wide significant variant in the ADGRB3 gene associated with anxious 
temperament42. Although these observations suggest the potential relevance of this gene to behavioral traits, the 
findings of the present study should be interpreted with caution, given the exploratory nature of the analysis, the 
absence of genome-wide significant associations, and the lack of an independent replication cohort.

Another notable finding involved the rs7312447 polymorphism located within the LINC01619 gene, a long 
non-coding RNA (lncRNA) implicated in neurological processes, cellular stress responses, and vascular injury-
related mechanisms. Previous evidence has suggested that LINC01619 may serve as a biomarker in neurological 
conditions such as cerebral vasospasm following subarachnoid hemorrhage43. Given the emerging evidence 
linking neurobiological processes to behavioral addictions, rs7312447 may represent a potential candidate for 
future research investigating the biological mechanisms underlying EA. However, the relevance of this variant to 
EA remains unclear and requires further investigation among independent cohorts.

rs113672848, located within the ZNF480 gene, was also significantly associated with EA. Although variants 
within ZNF480 have rarely been reported among people with schizophrenia, these findings support the notion that 
this gene may be involved in neuropsychiatric mechanisms characterized by substantial genetic heterogeneity44. 
Moreover, prior studies have suggested that genes in the zinc finger protein family, including ZNF408, may 
be promising candidates for neurodevelopmental disorders such as intellectual disability45. Collectively, these 
findings suggest that rs113672848 may be a candidate for future research investigating biological mechanisms 
underlying neuropsychiatric and behavioral phenotypes. However, its potential relevance to exercise addiction 
remains unclear and requires further investigation among independent cohorts.

rs117523538 was also associated with downregulation of TSPAN32 expression in the hypothalamus 
according to GTEx data. The hypothalamus plays a central role in neuroendocrine regulation, motivation, 
stress response, and behavioral control, all of which are closely linked to addiction-related mechanisms. 
Although a direct relationship between the TSPAN32 gene and addictive behaviors has not yet been clearly 
established, the gene is known to be involved in immune regulation, T-cell activation, and neuroinflammatory 
processes. Given the growing recognition of neuroinflammation in the neurobiology of addiction, alterations 
in hypothalamic TSPAN32 expression may potentially contribute to neurobiological mechanisms underlying 
addictive behaviors41,46–49. To date, no direct evidence has linked the remaining identified variants to EA or 
athlete-related phenotypes. Therefore, the biological relevance of these variants remains unclear, and further 
research with larger independent cohorts is required to determine whether these findings can be replicated and 
to explore their potential relevance to EA.

The present study has several notable strengths, including the use of a relatively large cohort of elite athletes 
for an exploratory genomic investigation, and the use of a microarray-based, genome-wide approach rather than 
a candidate single-gene strategy. These methodological features broadened the exploratory scope of the analysis. 
However, several limitations should be considered when interpreting the findings. First, the heterogeneity of 
participants both within and across sport disciplines may increase the risk of model overfitting, potentially 
reducing the statistical power and limiting the reliability and reproducibility of the results. Second, the inclusion 
of athletes from only four sport disciplines restricts the generalizability of the findings to other athletic 
populations. Third, although stringent significance thresholds were applied (p < 1.00 × 10⁻⁵ and p < 1.00 × 10⁻⁷), 
the possibility of false-positive findings cannot entirely be excluded, particularly given the modest sample size 
and the absence of an independent replication cohort.

In addition, the cross-sectional design of the study precludes any causal inference regarding the relationship 
between genetic variation and EA-related symptoms. Because EAI scores were assessed at a single time point, 
it remains unclear how these relationships may evolve over time. Moreover, the use of self-report measures 
may introduce response bias, social desirability bias, and potential over- or under-reporting of symptoms. This 
limitation could particularly be relevant among elite athletes, for whom intensive training behaviors are often 
considered normative and essential for performance.

The lack of systematic control for behavioral and environmental factors, including training practices, coaching 
approaches, nutritional habits, and psychosocial stressors, could also influence the observed associations. 
Moreover, psychological characteristics and psychiatric conditions, such as anxiety, obsessive-compulsive 
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tendencies, eating disorders, and attention-deficit/hyperactivity disorder (ADHD), may overlap with EA-
related symptoms. Consequently, some of the identified genetic associations may reflect broader psychiatric 
vulnerability rather than EA specifically.

Finally, exercise addiction-related symptoms were assessed using the EAI, a screening instrument rather than 
a diagnostic tool. Therefore, the findings should be interpreted as reflecting variation in EA symptoms or risk 
rather than clinically confirmed EA. Furthermore, because exercise addiction currently lacks universally accepted 
clinical diagnostic criteria, the present findings should be interpreted as reflecting variation in self-reported 
exercise addiction symptoms rather than a clinically established phenotype. Future studies incorporating clinical 
interviews and longitudinal assessments may help establish more robust phenotypic definitions for genetic 
association research. Taken together, these limitations indicate that the present findings should be regarded as 
preliminary, exploratory, and hypothesis-generating rather than confirmatory evidence of genetic susceptibility 
to EA.

Conclusion
The present exploratory pilot study provides preliminary evidence regarding genetic variants that may be 
associated with EA-related symptoms among elite athletes, identifying 11 candidate SNPs (rs79233502, 
rs13318101, rs7699799, rs4690145, rs3799055, rs7789550, rs73682313, rs6577987, rs117523538, rs7312447, 
and rs113672848). These findings contribute to the emerging field of sport psychogenetics and provide a basis 
for generating hypotheses regarding the potential genetic architecture of EA-related traits. However, given the 
limited sample size, the study’s exploratory design, and the absence of an independent replication cohort, the 
findings should be interpreted with caution. Further investigations among larger, independent cohorts are 
warranted to replicate and validate these findings and to clarify their potential biological relevance.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to privacy and 
ethical restrictions but are available from the corresponding author upon reasonable request.

Received: 25 May 2026; Accepted: 3 July 2026

References
	 1.	 Granziol, U. et al. The Expanded Exercise Addiction Inventory (EAI-3): Towards reliable and international screening of exercise-

related dysfunction. Int. J. Ment Health Addict. 22, 3559–3585 (2024).
	 2.	 Weinstein, A. & Szabo, A. Exercise addiction: A narrative overview of research issues. Dialogues Clin. Neurosci. 25, 1–13 (2023).
	 3.	 Chhabra, B., Demetrovics, Z., Griffiths, M. D. & Szabo, A. Exercise addiction: A review and evaluation of current research and 

theory. J. Behav. Addict. https://doi.org/10.1556/2006.2025.00336 (2026).
	 4.	 Wang, X., Yang, X., Tao, T., Dong, D. & Yu, D. The association between exercise addiction and mental health problems: A systematic 

review and meta-analysis. J. Affect. Disord. 393, 120026 (2026).
	 5.	 Karaoğlu, B. et al. Association between hand grip strength and exercise addiction: Differences by sport category and sex in elite 

athletes. Front. Psychol. 16, 1597239 (2025).
	 6.	 Çetin, E. et al. The Examination of the relationship between exercise addiction and performance enhancement in elite athletes. Int. 

J. Ment Health Addict. 19, 1019–1030 (2021).
	 7.	 Starcevic, V. & Khazaal, Y. Relationships between behavioural addictions and psychiatric disorders: What is known and what is yet 

to be learned? Front. Psychiatry. 8, 251376 (2017).
	 8.	 Berczik, K. et al. Exercise addiction: Symptoms, diagnosis, epidemiology, and etiology. Subst. Use Misuse. 47, 403–417 (2012).
	 9.	 Grant, J. E., Potenza, M. N., Weinstein, A. & Gorelick, D. A. Introduction to behavioral addictions. Am. J. Drug Alcohol Abuse. 36, 

233–241 (2010).
	10.	 Ordu, F. Egzersiz Bağımlılığı: Bir Güncelleme. Bağımlılık Derg. 23, 536–546 (2022).
	11.	 Rosenberg, K. P. & Feder, L. C. Behavioral Addictions: Criteria, Evidence, and Treatment (Academic, 2014).
	12.	 Leeman, R. F. & Potenza, M. N. Similarities and differences between pathological gambling and substance use disorders: A focus 

on impulsivity and compulsivity. Psychopharmacol. (Berl). 219, 469–490 (2012).
	13.	 American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders 5th edn (American Psychiatric 

Association, 2013).
	14.	 World Health Organization. International Classification of Diseases for Mortality and Morbidity Statistics (11th revision). (World 

Health Organization, 2019).
	15.	 Szabo, A. & Demetrovics, Z. Passion and Addiction in Sports and Exercise. (Routledge, 2022).
	16.	 Di Lodovico, L., Poulnais, S. & Gorwood, P. Which sports are more at risk of physical exercise addiction: A systematic review. 

Addict. Behav. 93, 257–262 (2019).
	17.	 Jee, Y. S. Exercise addiction and rehabilitation. J. Exerc. Rehabil. 12, 67–68 (2016).
	18.	 Godoy-Izquierdo, D., Navarrón, E., López-Mora, C. & González-Hernández, J. Exercise addiction in the sports context: What is 

known and what is yet to be known. Int. J. Ment Health Addict. 21, 1057–1074 (2023).
	19.	 Valeeva, E. V., Ahmetov, I. I. & Rees, T. Chapter seven - psychogenetics and sport. In Sports, Exercise, and Nutritional Genomics: 

Current Status and Future Directions (eds Barh, D. & Ahmetov) (2019). I. I.) 147–165 (Academic.
	20.	 Leeman, R. F. & Potenza, M. N. A targeted review of the neurobiology and genetics of behavioural addictions: An emerging area 

of research. Can. J. Psychiatry. 58, 260–273 (2013).
	21.	 Thomson, C. J., Hanna, C. W., Carlson, S. R. & Rupert, J. L. The – 521 C/T variant in the dopamine-4-receptor gene (DRD4) is 

associated with skiing and snowboarding behavior. Scand J. Med. Sci. Sports 23, (2013).
	22.	 McAuley, A. B. T. et al. Genetic associations with personality and mental toughness profiles of English academy football players: 

An exploratory study. Psychol. Sport Exerc. 61, 102209 (2022).
	23.	 Humińska-Lisowska, K. et al. Association study of the Taq1D rs1800498 polymorphism of the DRD2 gene with personality traits 

in a group of athletes. Balt J. Health Phys. Act. 16, 1–11 (2024).
	24.	 Humińska-Lisowska, K. et al. Association between the rs4680 polymorphism of the COMT gene and personality traits among 

combat sports athletes. J. Hum. Kinet. 89, 89–99 (2023).
	25.	 Humińska-Lisowska, K. et al. Associations of brain-derived neurotropic factor rs6265 gene polymorphism with personality 

dimensions among athletes. Int. J. Environ. Res. Public. Health. 19, 9732 (2022).

https://www.nature.com/scientificreports
https://doi.org/10.1556/2006.2025.00336


Scientific Reports |        (2026) 16:25125 8| https://doi.org/10.1038/s41598-026-61232-z

www.nature.com/scientificreports

	26.	 Lachowicz, M. et al. Significant association of DRD2 and ANKK1 genes with rural heroin dependence and relapse in men. Ann. 
Agric. Environ. Med. 27, 269–273 (2020).

	27.	 da Silva, I. M., Santos, C. G. M., de Rezende, C. G., Neto, V. C. & Palma, A. Association of DRD2 and BDNF genetic polymorphisms 
with exercise addiction. Int. J. Environ. Res. Public. Health. 22, 1356 (2025).

	28.	 Yıldız, Y. A. et al. Association of ANKK1 and DRD2 gene polymorphisms with exercise addiction among elite athletes. Int. J. Sport 
Exerc. Psychol. 1–17 (2025).

	29.	 Wang, G. et al. Multi-phase, multi-ethnic GWAS uncovers putative loci in predisposition to elite sprint and power performance, 
health and disease. Biol. Sport. 42, 141–159 (2025).

	30.	 Terekhov, M. V. et al. GWAS shows links between EDARADD and LRFN5 and performance in professional athletes. BMC Sports 
Sci. Med. Rehabil. 18, 14 (2025).

	31.	 Hancock, D. B., Markunas, C. A., Bierut, L. J. & Johnson, E. O. Human genetics of addiction: New insights and future directions. 
Curr. Psychiatry Rep. 20, 8 (2018).

	32.	 World Medical Association Declaration of Helsinki. JAMA 310, 2191 (2013).
	33.	 Terry, A., Szabo, A. & Griffiths, M. The Exercise Addiction Inventory: A new brief screening tool. Addict. Res. Theory. 12, 489–499 

(2004).
	34.	 Aydın, D., Baltacı, U. B., Erzen, E., Szabo, A. & Griffiths, M. D. The Turkish version of the Exercise Addiction Inventory: Validity 

and reliability. Addict. Turk. J. Addic. 10, 184–193 (2023).
	35.	 Zhou, X. & Stephens, M. Genome-wide efficient mixed-model analysis for association studies. Nat. Genet. 44, 821–824 (2012).
	36.	 Thakran, S. et al. Genome-wide association study reveals genetic architecture of common epilepsies. Clin. Genet. 108, 22–32 

(2025).
	37.	 Semenova, E. A., Hall, E. C. R. & Ahmetov I. I. Genes and athletic performance: The 2023 update. Genes (Basel). 14, 1235 (2023).
	38.	 Scheer, V. et al. Rowing across the Atlantic in an all-female team: Impact on mental health and mood changes a cohort study. J. Int. 

Med. Res. 54, 1–14 (2026).
	39.	 Mayolas-Pi, C. et al. Exercise addiction risk and health in male and female amateur endurance cyclists. J. Behav. Addict. 6, 74–83 

(2017).
	40.	 Johnson, C., Drgon, T., Walther, D. & Uhl, G. R. Genomic regions identified by overlapping clusters of nominally-positive SNPS 

from genome-wide studies of alcohol and illegal substance dependence. PloS One. 6, e19210 (2011).
	41.	 Scuderi, C. et al. Biallelic intragenic duplication in ADGRB3 (BAI3) gene associated with intellectual disability, cerebellar atrophy, 

and behavioral disorder. Eur. J. Hum. Genet. 27, 594–602 (2019).
	42.	 Gonda, X. et al. Genetic underpinnings of affective temperaments: A pilot GWAS investigation identifies a new genome-wide 

significant SNP for anxious temperament in ADGRB3 gene. Transl. Psychiatry. 11, 337 (2021).
	43.	 Pan, C. Y. et al. LncRNA signature for predicting cerebral vasospasm in patients with sah: Implications for precision neurosurgery. 

Mol. Ther. Nucleic Acids. 21, 983–990 (2020).
	44.	 Jouan, L. et al. Investigation of rare variants in LRP1, KPNA1, ALS2CL and ZNF480 genes in schizophrenia patients reflects 

genetic heterogeneity of the disease. Behav. Brain Funct. 9, 9 (2013).
	45.	 Nguyen, D. T. et al. Whole genome sequencing of a Vietnamese family from a dioxin contamination hotspot reveals novel variants 

in the son with undiagnosed intellectual disability. Int. J. Environ. Res. Public. Health. 15, 2629 (2018).
	46.	 Fagone, P., Mangano, K. & Nicoletti, F. The emerging role of Tetraspanin 32 in autoimmune diseases: From discovery to relevant 

theranostics? Expert Opin. Ther. Targets. 28, 655–658 (2024).
	47.	 Lombardo, S. D. et al. Modulation of tetraspanin 32 (TSPAN32) expression in T cell-mediated immune responses and in multiple 

sclerosis. Int. J. Mol. Sci. 20, 4323 (2019).
	48.	 Basile, M. S. et al. Impaired expression of tetraspanin 32 (TSPAN32) in memory T cells of patients with multiple sclerosis. Brain 

Sci. 10, 52 (2020).
	49.	 Aguet, F. et al. The GTEx consortium atlas of genetic regulatory effects across human tissues. Science 369, 1318–1330 (2020).

Acknowledgements
The authors are grateful to all participants who kindly provided their samples for DNA analysis and completed 
the questionnaire assessments.

Author contributions
Conceptualization, C.B., A.S., A.K. and H.H.K. methodology, A.K., H.H.K., E.G. and I.B.formal analysis, A.K., 
H.H.K., Z.N.Y. and C.B.investigation, E.G., C.B., I.B., E.G. and H.H.K.writing—original draft preparation, C.B., 
E.G., H.H.K., Z.N.Y., A.S., M.D.G., A.K. and S.K.writing—review and editing, M.D.G., C.B., Z.N.Y., H.H.K., I.B., 
E.G., A.K., S.K. and A.S.supervision, M.A.E.project administration, C.B. All authors have read and agreed to the 
published version of the manuscript.

Funding
Open access funding provided by Széchenyi István University (SZE). The present study was supported by 
TÜBİTAK under the 1001 Scientific and Technological Research Projects Funding Program (project number: 
224S911).

Declarations

Competing interests
The authors declare no competing interests.

Informed Consent
 Written informed consent was obtained from the participants to publish this paper.

Additional information
Correspondence and requests for materials should be addressed to C.B. or A.S.

Reprints and permissions information is available at www.nature.com/reprints.

https://www.nature.com/scientificreports
www.nature.com/reprints


Scientific Reports |        (2026) 16:25125 9| https://doi.org/10.1038/s41598-026-61232-z

www.nature.com/scientificreports

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026 

https://www.nature.com/scientificreports
http://creativecommons.org/licenses/by/4.0/

	﻿Possible relationship between genetic polymorphisms and the risk of exercise addiction among Turkish elite athletes: an exploratory pilot study
	﻿Materials and methods
	﻿Ethics
	﻿Participants
	﻿Exercise Addiction Inventory (EAI)
	﻿Genotyping
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


