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ABSTRACT 

 

Background: The androgen receptor (AR) gene contains a polymorphic trinucleotide (CAG) 

microsatellite repeat sequence (short or long alleles) that has been associated with fat-free 

mass in untrained men, which needs to be replicated in athletic cohorts. Aim: The purpose of 

this study was to explore the AR (CAG)n polymorphism in trained individuals. Subjects and 

methods: A total of 61 professional bodybuilders (40 males, 21 females), 73 elite male 

sprinters and weightlifters and 186 male controls were enrolled in this study. The influence of 

the AR (CAG)n polymorphism on muscle mass and strength was assessed in bodybuilders, 

while the frequencies of AR (CAG)n alleles were compared between power athletes and non-

athletes. Results: The polymorphism was associated with anthropometric and strength 

measurements in bodybuilders of both genders. Those with ≥ 21 CAG repeats (i.e., carriers of 

long alleles) exhibited greater (P < 0.05) body mass index, absolute muscle mass, arm/thigh 

circumference and upper/lower limb strength compared to those with < 21 CAG repeats. 

Furthermore, carriers of ≥ 21 CAG repeats were more frequent among power athletes 

compared to controls (P=0.0076). Conclusions: Long alleles of the AR (CAG)n 

polymorphism were associated with greater muscle mass and strength in bodybuilders, and 

power athlete status. 
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Introduction 

Androgens are steroid hormones synthesized from cholesterol that are biologically diverse 

targeting both reproductive and non-reproductive tissues, including anabolic actions on 

several body structures. After conversion of cholesterol to pregnenolone, several pathway 

permutations are possible, but all lead to the conversion of androstenedione, which is then 

converted to testosterone (Hooper et al. 2017). Testosterone or precursor androgens (e.g., 

dihydrotestosterone) exert their physiological effects largely by binding to the androgen 

receptor (AR), particularly in skeletal muscle (Dubois et al. 2012), where they have a well-

known anabolic effect (Bhasin et al. 2001; Bhasin et al. 2005).  

 In the absence of ligands, the AR is confined to sarcoplasm in a multi-heteromeric 

inactive complex with accessory heat shock proteins (Georget et al. 2002). The steroidal 

nature of androgens allows them to cross the lipid bilayer of the sarcolemma to form a 

complex with the ARs and ultimately enhance gene transcription (Beato and Klug 2000). The 

molecular interaction with androgens induces the dissociation of the AR from the accessory 

proteins, its dimerization and translocation to the nucleus, where it binds to androgen 

response elements (AREs) at specific DNA sites, stimulating the transcription of target genes 

(Palazzolo et al. 2008). This mechanism represents the classical genomic pathway for the 

action of androgens in skeletal muscle, but the androgen–AR complex can also interfere with 

other signaling pathways via non-genomic actions. While the genomic pathway encodes 

muscle-specific transcription factors, enzymes and structural proteins, non-genomic actions 

are faster and can translates signals on muscle through activating specific kinases (Dubois et 

al. 2012) and triggering an increase in intracellular calcium (Ca2+) levels (Estrada et al. 2003). 

Collectively, these mechanisms have the potential to influence muscle biology. 

 The AR protein is structurally composed of three functional domains: the COOH-

terminal domain, which contains the ligand-binding domain; the central region, which 



contains the DNA-binding domain, and the NH2-terminal domain, which becomes active after 

ligand-binding interaction and through protein-protein interactions is responsible for the 

transcriptional activation of androgen-responsive genes (Palazzolo et al. 2008). The AR gene 

is localized in the long arm of the X chromosome, and contains a polymorphic trinucleotide 

CAG (Cytosine, Adenine, Guanine) microsatellite repeat sequence in exon 1, which normally 

ranges from 8 to 37 CAG repeats (Ackerman et al. 2012). This microsatellite repeat sequence 

encodes for a polyglutamine (PolyGln) chain in the AR NH2-terminal domain, which has a 

variable length based on the number of CAG repeats (Figure 1). 

 

[Figure 1 near here] 

 

 Androgen binding to the AR induces a conformational change in the structure of the 

receptor that facilitates molecular communication between the NH2-terminal domain and the 

COOH-terminal domain, generating a (N/C) terminus interaction that is required for AR 

dimerization and fundamental for the binding to AREs (He et al. 1999). DNA binding causes 

the N/C interaction to be lost, allowing the recruitment of coactivators to initiate transcription 

(van Royen et al. 2012). A longer PolyGln chain may influence N/C interaction and the 

ability to recruit coregulators and components of the AR-mediated transcription machinery 

(Buchanan et al. 2004). In vitro analyzes have shown that the elongation of the PolyGln chain 

results in a linear decrease in the AR transcriptional competence in mammalian cell lines 

(Chamberlain et al. 1994; Kazemi-Esfarjani et al. 1995; Tut et al. 1997; Irvine et al. 2000). 

However, this effect has been shown to be cell (or tissue) specific (Beilin et al. 2000), 

presumably due to distinct profiles of AR coregulator proteins (Heemers and Tindall 2007). 

For example, while the levels of AR-mediated mRNA in prostate cells appear to correlate 



inversely with PolyGln length (Albertelli et al. 2006), the opposite was seen in myoblasts 

(Sheppard et al. 2011). 

 Sheppard et al. (2011) identified a positive relationship between the number of CAG 

repeats and transcriptional activity in testosterone treated C2C12 cells. Moreover, the shorter 

CAG repeat length (with lower AR transcriptional activity) showed reduced differentiation 

capacity (Sheppard et al. 2011), which would likely result in altered muscle morphology and 

lower strength production in vivo (Chambon et al. 2010). However, studies exploring the 

association between the AR (CAG)n polymorphism and muscle variables in humans have 

shown conflicting results (Walsh et al. 2005; Campbell et al. 2009; Nielsen et al. 2010) or 

found no association (Guadalupe-Grau et al. 2011; Folland et al. 2012; De Naeyer et al. 

2014). Walsh et al. (2005) were the first to show that 294 healthy Caucasian men (aged 50-93 

years) with ≥ 22 CAG repeats exhibited significantly greater fat-free mass than men with < 22 

CAG repeats, which was replicated in an independent cohort composed of 112 Caucasian men 

(mean age 57.4 ± 1.6 years). Campbell et al. (2009) also found that CAG repeat length was 

positively associated with fat-free mass in 156 Ariaal men of northern Kenya (aged 20-70 

years). Conversely, Nielsen et al. (2010) reported that CAG repeat length correlated inversely 

with muscle area in 393 Danish men aged 20–29 years. The age difference between 

conflicting results suggests a gene-by-age interaction; however, none of the aforementioned 

studies evaluated well-trained individuals, which constantly stimulate increases in androgen 

levels (D'Andrea et al. 2020). 

 Therefore, the aim of the present study was to explore the influence of the AR (CAG)n 

polymorphism on muscle mass and strength in a cohort of resistance-trained individuals 

(bodybuilders). In addition, allelic frequencies of the AR (CAG)n polymorphism were 

compared between elite power athletes and non-athletes. We tested the hypothesis that longer 

alleles (≥ 21 CAG repeats) are associated with greater muscle mass and strength in 



bodybuilders, as well as more frequent in power athletes. If the polymorphism is 

advantageous for the development of skeletal muscle, it will probably be more frequent 

among athletes. 

 

Subjects and methods 

Participants 

A total of 320 Russian subjects (299 males, 21 females) participated in this study. Participants 

were divided into 3 subgroups: 61 professional bodybuilders (40 males, age 30.5 ± 8.6 years; 

21 females, age 30.0 ± 8.0 years), 73 elite male (international-level) power athletes (35 

sprinters (100-400 m runners) and 38 weightlifters; age 26.1 ± 4.3 years) and 186 male 

controls (age 23.7 ± 4.9 years). The characteristics of bodybuilders are provided in Table 1. 

All power athletes were participants in international competitions as national team members. 

None of athletes had ever tested positive for doping by a World Anti-Doping Agency 

(WADA) accredited laboratory. Controls (males, n = 186) were healthy unrelated Russians 

without any competitive sport experience (explored by survey). The bodybuilders, athletes 

and controls were all Caucasians. 
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Procedures 

First, the influence of the AR (CAG)n polymorphism on anthropometric and strength 

measurements of male and female bodybuilders were evaluated and compared between AR 

(CAG)n alleles. Study participants were grouped and compared as harboring ≥ 21 (i.e., long 

alleles) or < 21 (i.e., short alleles) CAG repeat lengths. This cut-off value was chosen to make 



equal sized sub-groups (i.e., 50.8% of bodybuilders were carriers of long alleles; 20 males, 11 

females). 

 Second, a case-control association study was conducted to assess whether the 

frequency of the AR (CAG)n polymorphism was more frequent in elite power athletes (i.e. 

sprinters, weightlifters and subgroup of bodybuilders) compared to non-athletic individuals 

(controls). The classification of sprinters and weightlifters as 'elite' was carried out based on 

the maximum competitive level reached in official international competitions (they were also 

at least prize winners in the national competitions). Only those athletes with superior physical 

fitness in their sports disciplines are expected to qualify for international-level competitions. 

Given that bodybuilding is not currently an Olympic sport, the elite level in bodybuilding was 

established as those with muscle mass and strength superior to their counterparts (i.e., those in 

the tertile with the highest strength and muscle mass values). Thus, the case-control study 

included only elite male athletes as cases (named as power athletes). 

 All procedures adopted in the study were approved by the Ethics Committee of the St 

Petersburg Research Institute of Physical Culture. The study complied with the guidelines set 

out in the Declaration of Helsinki and ethical standards in sport and exercise science research. 

Written informed consent was obtained from each participant.  

 

Anthropometric measurements  

Subjects were measured barefoot, wearing only underwear. Body mass was measured using a 

battery-operated digital scale (precision 50 g). Height was measured using an anthropometer 

(precision 0.5 cm). Chest, waist, arm, thigh and calf circumferences were measured using a 

plastic measuring tape (1 mm precision). Subcutaneous skinfolds (subscapular, biceps, 

triceps, abdomen, back, thigh and calf) were measured using a skinfold caliper (1 mm 



precision). The estimation of muscle mass was performed using the formula proposed by 

Matiegka (1921). 

 

Training parameters  

Training parameters were self-reported (i.e., assessed by questionnaire). Training age was 

expressed as years of resistance training. Personal records in squat and bench press were 

recorded in kilograms. 

 

Genotyping 

Molecular genetic analysis was performed with DNA samples obtained from epithelial mouth 

cells by alkaline extraction or using a DNK-sorb-A sorbent kit according to the 

manufacturer’s instruction (Central Research Institute of Epidemiology, Moscow, Russia), 

depending on the method of sample collection (buccal swab or scrape). Genotyping for the 

AR gene (CAG)n polymorphism was performed by polymerase chain reaction (PCR) on a 

Tercyk thermal cycler (DNA Technology, Moscow, Russia). The DNA was amplified using 

two primers (5′-TCCAGAATCTGTTCCAGAGCGTGC-3′ and 5′-

GCTGTGAAGGTTGCTGTTCCTCAT-3′) (Litech, Moscow, Russia). The length of 

amplified fragments (≈ 260–280 base pairs) varied only by the number of CAG repeats. For 

accurate assessment of fragment length, the DNA fragments were run on a polyacrylamide gel 

(6%). The lengths of unknown PCR products were calculated using DNA λ-markers 

(Sibenzyme, Novosibirsk, Russia). All genotyping analyses were conducted in duplicates 

blind to subject identity.  

 

Statistical Analyses 



The relationship between AR (CAG)n alleles and different phenotypes were performed using 

multiple regression analysis. Associations between AR (CAG)n alleles and anthropometric 

measurements were adjusted for age and training experience, while associations between AR 

(CAG)n alleles and strength measurements were adjusted for age, training experience and 

weight. Allelic frequencies between athletes and controls were compared using Chi2 test. 

Statistical analyses were conducted using GraphPad InStat (GraphPad Software Inc., San 

Diego, CA). All data are presented as mean (SD). The significance level was set at P < 0.05.  

 

Results 

Anthropometric and strength measurements 

The anthropometric and strength measurements of the bodybuilders with respect to their AR 

(CAG)n polymorphism are shown in Table 2. Male bodybuilders with long alleles (50.0%) 

exhibited greater absolute muscle mass (P = 0.046) and upper limb strength (i.e., bench press; 

P = 0.018) compared to male bodybuilders with short alleles. The upper limb strength 

remained significant even after adjustment for covariates (P = 0.038). Moreover, after 

adjustment for covariates, male bodybuilders with long alleles exhibited greater BMI (P = 

0.048) and mid-upper arm circumference (P = 0.036). Among male bodybuilders there was 

also a tendency for greater thigh circumference (0.05 < P < 0.075). Female bodybuilders with 

long alleles (52.4%) exhibited greater weight (P = 0.027), BMI (P = 0.02), thigh 

circumference (P = 0.043), upper limb strength (P = 0.044) and lower limb strength (i.e., 

squat; P = 0.004) compared to female bodybuilders with short alleles. Weight (P = 0.034), 

BMI (P = 0.023) and maximum strength of the lower limbs (P = 0.021) remained significant 

following adjustment for covariates.  

 

[Table 2 near here] 



 

 The combined data of male and female bodybuilders (adjusted for covariates) showed 

that bodybuilders with long alleles exhibited greater BMI (P = 0.007), absolute muscle mass 

(P = 0.019), mid-upper arm circumference (P = 0.009), thigh circumference (P = 0.012), 

upper limb strength (P = 0.008) and lower limb strength (P = 0.012) compared to 

bodybuilders with short alleles. 

 

Case–control association study 

The number of AR CAG repeats ranged from 15 to 25. The frequency of the AR (CAG)n 

alleles in male athletes and controls is shown in Table 3. It was identified that long alleles 

were over-represented in elite athletes, especially in weightlifters (odds ratio (OR) = 2.9; P = 

0.015). Although there was a prevalence of long alleles in sprinters and elite bodybuilders 

compared to controls, this comparison did not reach the significance threshold. However, the 

pooled data of all male athletes (i.e., sprinters, weightlifters and elite bodybuilders) confirmed 

the higher prevalence of long alleles in athletes. The presence of long alleles was observed in 

77.4 % of power athletes compared to only 60.8% of controls (OR = 2.2; P = 0.0076). 

 

[Table 3 near here] 

 

Discussion 

This is the first study to demonstrate that the AR gene (CAG)n polymorphism is associated 

with greater muscle mass and strength in bodybuilders, and power athlete status. In accord 

with the study's hypothesis, bodybuilders carriers of long alleles for the AR (CAG)n 

polymorphism (i.e., ≥ 21 CAG repeats) have a higher BMI, particularly due to a greater 

muscle mass. The greater muscle mass among bodybuilders carriers of ≥ 21 (CAG)n was 



accompanied by a greater maximum strength in both upper and lower limbs. These findings 

suggest that the elongation of the PolyGln chain in the NH2-terminal domain of the AR, in 

part, facilitates gains in muscle mass and strength in resistance trained-individuals, which can 

be an advantage for strength/power athletes. In fact, carriers of ≥ 21 (CAG)n were more 

frequent in a group of male athletes composed of sprinters, weightlifters and elite 

bodybuilders compared to male controls. 

 A recent study showed that muscle AR content is an important variable in resistance 

training-induced hypertrophy in resistance-trained healthy men (Morton et al. 2018), but not 

in untrained subjects (Mobley et al. 2018). In an assessment of high- and low-responders to 

resistance exercise training, it was found that AR content was greater in highest-responders, 

which was correlated with changes in muscle mass (Morton et al. 2018). Indeed, many of AR 

target genes are involved in skeletal muscle growth and development (Wyce et al. 2010), and 

therefore, regulate muscle biology (Sculthorpe et al. 2012). AR-mediated signaling may play 

an indispensable role in training-related muscle hypertrophy (Basualto-Alarcon et al. 2013; 

Yin et al. 2020). Thus, it is expected that the AR with greater transcriptional competence will 

contribute more sharply to the muscular response to physical exercise, in particular resistance 

exercise. 

 In previous in vitro studies, the elongation of the PolyGln chain in the NH2-terminal 

domain correlates with an increase in the AR transcriptional competence in skeletal muscle 

cells (Sheppard et al. 2011), but not in non-muscle cells (Chamberlain et al. 1994; Kazemi-

Esfarjani et al. 1995; Tut et al. 1997). It is worth mentioning that the influence of AR (CAG)n 

might be different between tissues. Although additional work is needed to support the in vivo 

effect of the AR (CAG)n polymorphism on muscle cells, our findings of greater muscle mass 

(and strength) in bodybuilders with ≥ 21 (CAG)n are in line with this theory. Similar to that 

previously observed in older men from two different populations (Walsh et al. 2005; 



Campbell et al. 2009). It should be noted that in cohorts composed of older individuals, 

participants may be hypogonadal and, to some extent, sarcopenic, which can influence the 

association and make it difficult to compare these studies with ours. Anyway, our findings 

were not seen only in adult men, but in women as well—all well-trained athletes. 

 In addition to the association with fat-free mass, Walsh et al. (2005) also showed that 

men with ≥ 22 CAG repeats exhibited significantly greater testosterone levels than men with 

< 22 CAG repeats. It has been proposed that the AR (CAG)n polymorphism modulates the 

hypothalamic-pituitary-gonadal axis (Simanainen et al. 2011). The elongation of the PolyGln 

chain appears to decrease negative feedback control of luteinizing hormone (LH) release, 

thereby increasing LH levels and stimulating higher testosterone levels (Crabbe et al. 2007). 

Thus, the weaker transcriptional activity in some cell lines seems to be compensated for by 

higher testosterone levels (Huhtaniemi et al. 2009). This can be seen in several, but not all, 

studies (Ryan et al. 2017b); however, it should be noted that all the most powered studies—

with larger sample sizes (i.e., > 1800 subjects)—report a small but consistently positive effect 

of the AR (CAG)n polymorphism on testosterone levels in men (Huhtaniemi et al. 2009; 

Lindstrom et al. 2010; Haring et al. 2012). A power analysis using the estimated effect of the 

polymorphism showed that a sample size of roughly 1,000 subjects would have an 80% 

chance of detecting an association between the length of the PolyGln chain and hormone 

levels in men (Ryan et al. 2017b), and for this reason in studies with a larger sample the effect 

is always observed. Furthermore, in a study of Croatian women with Polycystic Ovary 

Syndrome (PCOS), those with > 22 CAG repeats also exhibited significantly greater 

testosterone levels than those with ≤ 22 CAG repeats (Skrgatic et al. 2012), which is in 

agreement with some other studies in women (Zhang et al. 2013). We did not assess our 

subjects' hormone levels, but the proposal is that this small but consistent effect of the AR 

(CAG)n on androgen levels may partly contribute to the development of androgen-associated 



somatic traits, such as muscle mass and strength. Although the hypertrophic effects of 

exercise-induced endogenous hormonal elevations are not a consensus (Fink et al. 2018), 

testosterone levels were positively related to muscle cross-sectional area in physically active 

men (De Naeyer et al. 2014), and testosterone response to resistance exercise was shown to be 

related to muscle hypertrophy in resistance-trained men (Mangine et al. 2017). Moreover, 

higher testosterone levels may confer an athletic advantage in certain power disciplines for 

both men and women, especially in sprint sports (Bermon and Garnier 2017; Ahmetov et al. 

2020). 

 We are aware of some studies that found no significant differences in muscle mass or 

strength between AR (CAG)n alleles in adult men (Guadalupe-Grau et al. 2011; Folland et al. 

2012; De Naeyer et al. 2014); however, it should be noted that only sedentary or physically 

active individuals with no history of strength or power training were assessed. The present 

study was the only one to evaluate well-trained individuals. It was shown in a previous study 

that in young adult men (20–22 years old) with higher testosterone levels, the elongation of 

the PolyGln chain was able to predict increases in muscle mass or muscle area, that is, when 

testosterone levels are high, the PolyGln length is positively associated with muscle traits 

(Ryan et al. 2017a). In this regard, regular physical training can be a powerful stimulus for the 

acute increase in total and free testosterone levels (D'Andrea et al. 2020). Thus, we speculate 

that the effect of the polymorphism may have been more evident in our subjects, as they are 

trained individuals.  

 Typical bodybuilding-type training protocols, which include large muscle groups with 

moderate intensity, high volume, and relatively short rest periods, as well as other moderate to 

high intensity exercise protocols (commonly used by power athletes) are generally effective in 

inducing acute testosterone responses (D'Andrea et al. 2020). Interestingly, following a 

bodybuilding-type training protocol (regarding training intensity, volume and density) 



elevated testosterone concentrations enhances muscle AR content compared to a training 

protocol that does not raise testosterone concentrations (Spiering et al. 2009). Furthermore, 

individual changes in muscle AR content following a 16–21 week resistance training program 

correlated with changes in fat-free mass and muscle cross-sectional area (Ahtiainen et al. 

2011; Mitchell et al. 2013). This will create a favorable molecular environment for muscle 

hypertrophy. Even in the absence of changes in muscle AR content, high-load resistance 

exercises can significantly increase the AR-DNA binding post-exercise, presumably through 

AR coactivating protein β-catenin (Cardaci et al. 2020). It is noteworthy that the AR (CAG)n 

polymorphism did not interfere with the DNA binding capacity (Belikov et al. 2015) and the 

elongated PolyGln chain could regulate AR function by serving as flexible spacers to the 

biological activity of coregulator proteins (Buchanan et al. 2004), particularly in skeletal 

muscle where the PolyGln length can positively affect AR-mediated transcription (Sheppard 

et al. 2011). Therefore, it appears reasonable to surmise that AR-mediated transcription can be 

optimized after resistance training, particularly in carriers of longer AR (CAG)n alleles. 

 Alternatively, carriers of longer AR (CAG)n alleles can take advantage of mechanisms 

other than the binding of ARs directly to AREs, including stimulation of other hormonal 

signals (such as growth hormone and insulin-like growth factor 1) and intracellular signaling 

via non-genomic actions (Hooper et al. 2017). There is a cross-talk between these 

mechanisms and AR-mediated transcription (Norman et al. 2004), which can lead to muscle 

hypertrophy (Semsarian et al. 1999). In addition, non-genomic androgenic mechanisms can 

counteract fatigue and enhance muscle function through increases in inositol trisphosphate 

(IP3) and Ca2+ released from the sarcoplasmic reticulum (Dent et al. 2012). This effect can be 

seen mainly during repeated high-intensity muscle contractions (Kabbara and Allen 1999) and 

thus be beneficial for power athletes, such as weightlifters and sprinters. Although these 

mechanisms have not been investigated, in the study by Ponce González et al. (2017) the 



higher lean mass in the lower limbs of Caucasian healthy men with ≥ 24 CAG repeats (mean 

age 29.2 ± 7.1 years) explains, in part, their faster 300-m running sprint performance 

compared to those with ≤ 19 CAG repeats (mean age 33.2 ± 8.9 years). To the best of our 

knowledge, this was the only study that evaluated sprint performance in adults with different 

AR (CAG)n alleles. 

 In line with the hypothesis that longer AR (CAG)n alleles favours power performance, 

in the present study there was a significantly higher frequency of men with ≥ 21 CAG repeats 

in the power athlete group compared to the non-athlete (control) group. Individuals with ≥ 21 

CAG repeats are 2.2 times more likely to be a power athlete. These findings certainly need to 

be replicated in independent and larger cohorts. The sample size of our case-control study 

prevents us from making definitive statements, but the data suggests that longer AR (CAG)n 

alleles are preferred for strength and power athletes. Further molecular studies will be 

interesting to better explore the biological bases that support the differences between the AR 

(CAG)n alleles, especially among trained subjects. We strongly suspect that many additional 

common polymorphisms, and probably rare mutations as well, will be shown to be associated 

with strength performance in due course (Moreland et al. 2020). 

 The present study has some limitations and therefore the findings should be interpreted 

with caution. The first issue is that there was no standardization of the training method of the 

subjects (particularly bodybuilders) from the stand point of load, volume, recovery and 

nutritional parameters. For instance, someone with a so-called favourable CAG repeat length 

who undertrains may have acquired less muscle mass than someone with a so-called 

unfavorable CAG repeat length simply due to a greater training approach. The other critical 

issue is that serum total and free testosterone was not assessed. In the event that some of 

bodybuilders had been or were taking anabolic steroids, this may also have masked the 

genetic propensity. The replication of our findings is of paramount importance. Also, it should 



be noted that other polymorphisms in the AR gene and possible post-translational 

modifications may potentially affect training outcomes; however, the present study provides 

an initial support for the AR (CAG)n polymorphism as a contributing marker to the 

interindividual variability of skeletal muscle traits in trained individuals. 

 In conclusion, longer alleles for the AR (CAG)n polymorphism were associated with 

greater muscle mass and strength in bodybuilders and power athlete status. An increase, but 

still within the normal physiological range, of CAG repeats in the NH2-terminal domain of 

the AR gene can contribute to the improvement of muscle traits in resistance-trained 

individuals, and increase the predisposition for strength and power sports. Not only the 

importance of this polymorphism needs to be confirmed in larger samples, but its interaction 

with other key polymorphisms needs to be assessed. 
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Table 1. Basic characteristics of bodybuilders 

Characteristics 
Males 

n = 40 

Females 

n = 21 

Age, years 30.5 ± 8.6 30.0 ± 8.0 

Height, cm 176.3 ± 6.8 165.4 ± 4.8 

Weight, kg 91.2 ± 14.6 60.7 ± 6.7 

BMI, kg/m2 29.3 ± 3.7 22.2 ± 2.0 

Years of resistance training 11.5 ± 6.7 7.9 ± 4.1 

Data are expressed as mean (SD). 

  



Table 2. Anthropometric and strength measurements of male (n = 40) and female (n = 21) bodybuilders with 

different AR (CAG)n alleles 

Gender Traits 
AR (CAG)n alleles P-value 

Short (< 21) Long (≥ 21) Unadjusted Adjusted 

Male bodybuilders Height, cm 176.7 (5.5) 175.9 (8.0) 0.691 0.621 

 Weight, kg 88.6 (10.3) 93.7 (17.8) 0.271 0.194 

 BMI, kg/m2 28.4 (3.1) 30.1 (4.1) 0.131 0.048 

 Absolute muscle mass, kg 48.3 (11.7) 56.1 (11.2) 0.046 0.059 

 Mid-upper arm, cm 37.7 (4.4) 40.0 (4.4) 0.081 0.036 

 Thigh, cm 62.2 (4.2) 65.5 (5.9) 0.056 0.071 

 Bench press, kg 156.3 (34.6) 187.8 (40.3) 0.018 0.038 

 Squat, kg 212.4 (42.1) 240.0 (44.6) 0.076 0.182 

      

Female bodybuilders Height, cm 164.8 (4.0) 166.0 (5.6) 0.567 0.359 

 Weight, kg 57.4 (4.2) 63.8 (7.3) 0.027 0.034 

 BMI, kg/m2 21.2 (1.6) 23.1 (1.9) 0.020 0.023 

 Absolute muscle mass, kg 29.1 (2.8) 32.8 (5.9) 0.085 0.145 

 Mid-upper arm, cm 27.1 (1.5) 28.8 (2.9) 0.116 0.163 

 Thigh, cm 54.3 (2.4) 56.9 (3.1) 0.043 0.083 

 Bench press, kg 57.5 (12.9) 90.6 (26.0) 0.044 0.243 

 Squat, kg 68.0 (7.6) 126.7 (33.3) 0.004 0.021 

Data are expressed as mean (SD). Associations between AR (CAG)n alleles and anthropometric 

measurements were adjusted for age and training experience. Associations between AR (CAG)n alleles and 

strength measurements were adjusted for age, training experience and weight. 

  



Table 3. Allele frequency of the AR (CAG)n polymorphism in male 

athletes and controls 

Group n 
AR (CAG)n alleles (%) 

P-value 
Short (< 21) Long (≥21) 

Sprinters (running) 35 28.6 71.4 0.232 

Weightlifters 38 18.4 81.6 0.015 

Elite bodybuilders 11 18.2 81.8 0.211 

All athletes 84 22.6 77.4 0.0076 

Controls 186 39.2 60.8 —   

 

  



 

Figure 1. Schematic representation of the AR gene (CAG)n polymorphism. NTD: NH2-

terminal domain, DBD: DNA-binding domain, H: Hinge region, LBD: Ligand-binding 

domain. 

 


