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ABSTRACT 

 
There are genetic sequences that might be associated with improved athletic performance, such as the α-actinin-
3 (ACTN3) R577X polymorphism and the angiotensin-converting enzyme (ACE) insertion/deletion (I/D), which 
are related to phenotypes of increased muscle strength and endurance, respectively. This STREGA-based cross-
sectional study compared the genotype and allele frequencies of the ACTN3 R577X and ACE I/D polymorphisms 
between Colombian athletes (n = 37) and non-athletic controls (n = 37). Genotyping was performed using 
polymerase chain reaction (PCR) and subsequent enzymatic restriction (RFLP). The distribution of the ACTN3 
R577X genotype of control and athletic groups met Hardy–Weinberg Equilibrium (HWE) (all p > .05); however, in 
the strength-trained athletes, the distribution of the ACE I/D genotype was not found in HWE. In athletic population, 
genotype distribution and allele frequencies of the ACTN3 R577X (n = 37) was RR: 35.1% (n = 13), RX: 54.1% 
(n = 20), XX: 10.8% (n = 4), and R: 0.6216 and X: 0.3784, respectively. For ACE I/D (n = 74) it was found a 
genotype distribution of DD: 35.1% (n = 13), ID: 24.3% (n = 9), II: 40.5% (n = 15), and allelic frequencies of D: 
62.16% and I: 37.84%. Statistical analysis showed an association between the ACE genotypes with strength, 
endurance and control groups (X2 = 15.3, gl = 4, p = .004); however, the ACTN3 R577X polymorphism did not 
have a significant association (X2 = 3.99, gl = 4, p = .408). Although studies with a more homogeneous and larger 
sample size are required, the results of this exploratory study contribute to the genotypic characterization of 
Colombian athletes with the objective of improving the methodologies and its applications to sports medicine. 
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INTRODUCTION 
 
Athletes and professionals in sports science seek to constantly improve sports performance in terms of 
individualization, programming, and periodization of not only exercise but also nutrition and recovery 
(Kellmann et al., 2018). As molecular knowledge applied to sports sciences advances, the genetic component 
has become very popular with claims that encompass associations of polymorphisms with sports 
performance, directing athletes to specialties according to their ability, developing methodologies for early 
detection of talents, and individualization of training for performance enhancement and injury prevention 
(Sánchez, Campuzano, Iglesias, & Brugada, 2009). Notwithstanding, it is important to highlight that the 
science around genetic testing is still considered as an emerging field since the prediction of future sporting 
performance lacks scientific foundation, it is extremely limited and there is largely non-existent high-quality 
evidence (Webborn et al., 2015). 
 
Association studies have linked dozens of genetic variants to training responses and sport-related traits, such 
as strength, skeletal muscle mass, recovery ability and muscle fibre composition (Jones et al., 2016; 
Pickering, Kiely, Grgic, Lucia, & Del Coso, 2019). The most-studied genes linked to physical performance 
characteristics of muscle strength and endurance are alpha-actinin-3 (ACTN3, Ensembl ID: 
ENSG00000248746) and angiotensin I converting enzyme (ACE, Ensembl ID: ENSG00000159640), 
respectively, as they are involved in the contractile capacity of skeletal muscle, blood pressure regulation 
and increased resistance to muscle fatigue (McCauley, Mastana, Hossack, MacDonald, & Folland, 2009). In 
human, the ACTN3 protein (UniProtKB: Q08043) is an F-actin cross-linking sarcomeric protein which is 
thought to anchor actin to a variety of intracellular structures (only in fast-twitch type II muscle fibres) and 
plays a regulatory role in the coordination of myofibril contraction (MacArthur et al., 2007; North et al., 1999). 
The R577X polymorphism (rs1815739), which is a genetic variation of an arginine (R) for a premature stop 
codon (X) in the ACTN3 gene, has been strongly associated with high muscle contraction capacity in power 
and strength sports (Gonzalez et al., 2013; N. Yang et al., 2003) but less in endurance activities (Saunders 
et al., 2007). On the other hand, the rs1799752 polymorphism in the ACE gene is characterized by a 
sequence variation, which exerts distinct influence on tissue expression and serum activity of the ACE protein 
(UniProtKB: P12821). This protein has an important role in regulating blood volume, blood pressure, and 
electrolyte balance, besides being necessary to sustain physiological demands when muscle metabolism is 
increased during exercise (McCauley, Mastana, & Folland, 2010). This polymorphism is based on the 
presence (insertion [allele I]) or absence (deletion [allele D]) of a nonsense DNA fragment (Alu sequence of 
287 bp) in intron 16 (Rigat et al., 1990), represented hereinafter as I/D. 
 
Background 
In Colombia, research in this field is scarce even though in the last twenty years many genetic markers related 
to sports performance have been identified; however, the ACTN3 and ACE genotypes are the most 
commonly tested by genetic companies and research groups. In high-altitude Colombian population (above 
2,500 meters), Enciso-Castellanos (Enciso-Castellanos, 2006) observed no significant difference between 
29 sedentary subjects and 27 high-performance endurance athletes when evaluating the genotypes of 
lipoprotein lipase (LPL), peroxisome proliferator-activated receptor alpha (PPAR-α), β-3 adrenergic receptor, 
and ACE I/D; however, slight trends in allelic frequencies between the groups were evidenced. Neither was 
found a direct relationship of any of the genetic markers that showed that the VO2peak depended on these 
polymorphisms. Valderrama-Aguirre and Endo (Valderrama, 2009) reported, by the first time, information 
related to the allelic frequency and genotype distribution of ACE I/D in young adults from Cali, Valle del Cauca 
(Colombia). The 60-participants group followed the Hardy-Weinberg equilibrium (HWE: X2 = 0.60 and p = 
.805) and the observed allelic frequency was 50% (heterozygosity = 52%). These results were of great 
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importance on establishing lines of translational research in Colombia. In this sense, the same research 
group (Vallejo, 2009) performed the genotyping of 63 young individuals (62% women and 38% men) from 
general population and found a prevalence of 59% for the ACTN3 R577X polymorphism (heterozygosity = 
57%). This allowed the authors to conclude that the mutation was highly prevalent in the studied sample; 
actually, besides being one of the largest reported to date in Colombia, this study was the by the first time 
the prevalence of the R577X mutation in a South American country. Finally, in a recent explorative study in 
26 high-performance Colombian weightlifters, Stucky-Byler and Rodríguez-Buitrago (Stucky-Byler, 2018) 
compared genotype outcomes for ACTN3 in terms of performance and showed a significant relationship 
between the RX genotype and sporting achievement, the Sinclair coefficient and an empiric comparison with 
the lifting world record. Notwithstanding, the results were not consistent with those from previous studies, 
where the RR genotype was associated with better sports performance (Jacob, Spiteri, Hart, & Anderton, 
2018). These results raise the need to explore the hypothesis that the RR genotype is more related to 
performance in speed and power sports, while the RX genotype is more related to strength and power sports, 
especially in sports where body weight is a key factor in competition (Vallejo, 2009). 
 
Objective 
Thus, the aim of this research was to carry out an exploratory study of the genotype distribution and allelic 
frequency of the ACTN3 R577X and ACE I/D polymorphisms in performance athletes, belonging to the 
Bogotá athletics league, in order to contribute to Colombian molecular characterization and engage new 
research projects related to sports performance. 
 
MATERIALS AND METHODS 
 
Study design 
A cross-sectional study was performed to explore the genotype distribution and allelic frequency of the 
ACTN3 R577X and ACE I/D polymorphisms in young Colombian athletes. The guidelines for Strengthening 
the Reporting of Genetic Association studies (STREGA) (Little et al., 2009), an extension of the STROBE 
statement, were followed for reporting the results of this study. 
 
Setting 
This study was carried out between July 2018 and November 2019 within the framework of an undergraduate 
project. Due to the sports calendar of the COLDEPORTES leagues and irregular availability of the athletes, 
several visits to collect the blood samples by groups of five athletes were necessary. The study protocol was 
approved by the Research and Ethical Committee of the Universidad Distrital Francisco José de Caldas 
(code: CIDC-0334-2017) in accordance with the latest version of the Declaration of Helsinki (Association, 
2013). All subjects provided written informed consent before participation. Information regarding the purpose 
of the study, potential risks, and protection of the subjects’ rights were provided to all participants. 
 
Subjects 
Eighty-nine subjects (among athletes and control subjects) volunteered and were eligible to participate in this 
study. The athletic population was either recruited at the leagues’ facilities or by coaches that knew about 
previous participation in other investigations. The strength and endurance athletes belonged either to the 
Liga de Atletismo de Bogotá or to the Escuela de Cadetes de Policía Nacional General Francisco de Paula 
Santander. Inclusion criteria for athletes’ selection were as follows: i) age 18–30 years; ii) no previous 
evidence of muscle, cardiac or kidney disease; iii) active sports competitors at the national professional sports 
leagues recognized by COLDEPORTES and the Colombian Olympic Committee; and iv) with more than two 
years of strength or endurance sports experience. On the other hand, apparently healthy college students 
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from several Colombian universities (mainly Universidad Distrital Francisco José de Caldas) were recruited 
via an announcement posted in several social networks. Exclusion criteria for all subjects were: smoking, 
taking medications or having had a musculoskeletal injury in the six months prior to the study. 
 
Variables 
Genetic variants were considered as main outcomes (nonsense single nucleotide polymorphism for the 
ACTN3 gene and I/D of an Alu-type sequence in the ACE gene). The following variables were also measured 
and/or reported: body mass (kg), stature (cm), sport discipline, age and sex. 
 
Data sources / Measurement 
All blood samples from the athletic population were collected at the Centro de Ciencias del Deporte in the 
Centro de Alto Rendimiento COLDEPORTES facilities during a 25-min assessment session per group of five 
subjects before routinely physical evaluation. Healthy control subjects visited the Biochemistry and Molecular 
Biology laboratory at Universidad Distrital Francisco José de Caldas for a 20-min assessment session, where 
the anthropometric evaluation was performed and the blood samples were taken. 
 
Anthropometry 
Body mass was measured without shoes to the nearest 0.05 kg using a digital scale (Seca 703, Hamburg, 
Germany). An adult portable stadiometer (Seca 213, Hamburg, Germany) was used to measure the stature 
according to the ISAK protocol (Esparza-Ros, Vaquero-Cristóbal, & Marfell-Jones, 2019). 
 
DNA extraction and quantification 
Ten millilitres (10 mL) of a blood sample from the forearm veins were collected by certified laboratory 
technicians from COLDEPORTES and DBSS International in 15-mL tubes containing an 
ethylenediaminetetraacetic acid (EDTA, 10 mM) anticoagulant and were stored at 4°C. Genomic DNA for 
genetic analysis was isolated from peripheral blood using a salting-out method modified by Ayala (Ayala, 
1997). Subsequently, DNA concentration (mg/ml) was quantified at 260 nm in a spectrophotometer (Hitachi 
Genetic Systems, Gene Spec I). The purity of DNA was determined by measuring the ratio of 260/280 nm 
and the range of 1.6 - 2 were considered as pure (Eschbach, Hofmann, Maerz, Maier, & Sitte, 1990). The 
average DNA concentration after the extraction from the 74 samples was 0.168 ± 0.12 µg/µL with a purity 
percentage of 69.0 ± 16.24 %. DNA samples were genotyped using the polymerase chain reaction (PCR)-
restriction fragment length polymorphism (RFLP) method. 
 
ACTN3 R577X (rs1815739) Genotyping 
The standardized amplification conditions for the ACTN3 gene were: magnesium-free Taq buffer 1.6X, 1.6 
mM MgCl2, 210 µM dNTPs, 0.5 µM of forward primer (5’CTGTTGCCTGTGGTAAGTGGG’3), 0.5 µM of 
reverse primer (5’TGGTCACAGTATGCAGGAGGG’3), 1.25 U of Taq DNA polymerase and 200 ng of 
genomic DNA, for a final total volume of 40 µL. PCR conditions for amplification were the following: i) initial 
denaturation at 94°C (5 min); ii) 30 cycles of denaturation at 94°C (1 min), annealing at 56°C (1.5 min) and 
extension at 72°C (1 min); and iii) final extension at 72°C (4 min) (MiniAmp™ Plus Thermal Cycler, 
Singapore). The amplification products of each sample were digested by the restriction enzyme DdeI (5'-
C▼TNA▼G-3') for 90 min in a 30 µL reaction mix at 37°C in duplicate (1.5 U DdeI, 1X buffer D (Promega, 
USA), 0.1 g/µL BSA, and 1 µg of amplified DNA). The negative control was processed with H2OdE and 
Bacteriophage Lambda DNA was used as the positive control. The restrictions fragments were separated by 
horizontal electrophoresis in a 2.4% agarose gel (NuSieveTM, Lonza) stained with ethidium bromide (0.5 
µg/ml) at 1X TBE and run at 100 V for 120 min. Afterward, gels were placed on a UV transilluminator and 
recorded photographically. 
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From the amplification conditions, a 291 bp DNA segment from the exon 16 of the ACTN3 gene was obtained. 
The amplicon size corresponded to the previous results of Mills et al. (Mills et al., 2001). After enzymatic 
restriction of the amplicon, control subjects and athletes that carry the R allele presented specific molecular 
products of 205 and 86 bp, whilst the X allele showed three fragment products that were detected at 108, 97 
and 86 bp. Thus, the RR homozygous genotype produced two bands of 205 and 86 bp, while heterozygous 
individuals RX showed fragments of 205, 108, 97 and 86 bp. The mutated homozygotes XX presented 
fragments of 108, 97 and 86 bp. The sizes obtained in this study were in agreement with those reported by 
Eynon et al. (N. Eynon et al., 2009). 
 
ACE I/D (rs1799752) Genotyping 
The reaction mixture for amplification of the ACE gene in intron 16 was: magnesium-free Taq buffer 1.6X, 
1.7 mM of MgCl2, 225 µM dNTPs, 0.7 µM of forward primer (5’CTGGAGACCACTCCCATCCTTTCT’3), 0.69 
µM of reverse primer (5’ATGTGGCCATCACATTCGTCAGAT’3), and 1.25 U of Taq DNA polymerase and 
200 ng of genomic DNA, for a final total volume of 40 µL. The PCR conditions for amplification were the 
following: i) initial denaturation at 94°C (5 min); ii) 30 cycles of denaturation at 94°C (1 min), annealing at 
64°C (1.5 min) and extension at 72°C (1 min); and iii) final extension at 72°C (4 min) (MiniAmp™ Plus 
Thermal Cycler, Singapore). The amplification products of each sample were separated by electrophoresis 
in a 2.4% agarose gel (NuSieveTM, Lonza) stained with ethidium bromide (0.5 µg/ml) at 1X TBE and run at 
90 V for 100 min. Afterward, gels were placed on a UV transilluminator and recorded photographically. 
 
The ACE I/D was identified as the absence (deletion or D allele) or presence (insertion and I allele) of 287 
base pairs in intron 16 of the gene (Ribas et al., 2017). This was confirmed by the presence of a 490 bp 
segment for alleles II, whilst a 190 pb fragment was detected for alleles DD. 
 
Study size 
A non-probability convenience sampling from COLDEPORTES-recognized leagues (strength and endurance 
athletes) and Colombian universities with branch in Bogotá (non-athletes) was used, considering the difficulty 
in procuring a large sample of athletes and the 1:1 allocation ratio design. 
 
Statistical analysis 
The descriptive statistics are expressed as mean ( ) and standard deviation (SD). The HWE and the 
association between the genotype (ACTN3 and ACE) and the main groups (strength, endurance and control) 
were carried out by means of the chi-square test (X2). The significance level assumed for all the tests was p 
< .05. The statistical procedures were performed with SPSS Statistics 25 for Windows (IBM Corp., Armonk, 
NY, USA). 
 
RESULTS 
 
Participants 
After the evaluation of inclusion criteria, eighty-five subjects (45 athletes and 40 control subjects) were 
considered for data collection; however, due to the competition schedule four previously confirmed athletes 
did not assist to the assessment session. Three students were not measured because of education duties. 
Therefore, in this study we evaluated the genotype distribution and allelic frequency of seventy-four subjects; 
37 athletes (27 strength- and 10 endurance-trained) and 37 apparently healthy untrained subjects. Figure 1 
shows the selection, grouping and final data analysis of the individuals in a flow diagram, and the distribution 
of the sample by sex and groups is shown in Table 1. 
 



Ortiz, et al. / ACTN3 & ACE polymorphisms in Colombian athletes                                  JOURNAL OF HUMAN SPORT & EXERCISE 

6 | 2020 | ISSUE - | VOLUME --                                                                                © 2020 University of Alicante 

 

 
 

Figure 1. Flowchart of participant selection for the analysis. 
 
Table 1. Subjects participating in the study by sex and groups. 

Group 
Sex 

Total 
F M 

Athletes 10 (27.0) 27 (73.0) 37 (100) 
Strength 7 (25.9) 20 (74.1) 27 (100.0) 
Endurance 3 (30.0) 7 (70.0) 10 (100.0) 

Control 15 (40.5) 22 (59.5) 37 (100.0) 

Total 25 (33.8) 49 (66.2) 74 (100.0) 
Data expressed as frequency (%, within the group). F, female; M, male. 

 
Descriptive data 
The strength athletes were involved in speed (22), jump (2) and javelin throw (3) disciplines, while the 
endurance athletes were long-distance runners (10). Data for anthropometric measurements of the 
participants in this investigation are outlined in Table 2. 
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Table 2. Anthropometric and physical characteristics. 

Variable (units) 
Athletes (n = 37) 

Controls (n = 37) p-value 
Strength (n = 27) Endurance (n = 10) 

Age (years) 21.3 ± 2.0 22.9 ± 3.3 21.9 ± 2.6 .325 
Body mass (kg) 66.6 ± 9.7 60.0 ± 8.7 64.6 ± 11.0 .328 

Height (cm) 173.2 ± 8.3 170.5 ± 10.4 168.1 ± 8.2 .109 
BMI (kg·m-2) 22.09 ± 1.698 20.55 ± 1.8* 22.75 ± 2.5* .022 

Data are presented as mean ± SD. Body mass index; p-value from Kruskal-Wallis; * difference found between Control and 
Endurance group (p < .013). 

 
Outcome data 
ACTN3 R577X (rs1815739) Genotype and Allele Frequencies 
ACTN3 genotype distribution in the strength-athletes showed a higher frequency of the R allele (FA; R/X = 
0.65/0.35) and a predominant RX and RR genotype (55.6% and 37%, respectively). On the other hand, the 
endurance-trained athletes had a lower frequency of the R allele (FA; R/X 0.55/0.45) with a homozygote 
genotype frequency of 30%. Control subjects presented a close allelic frequency (FA; R/X 0.61/0.39) in 
relation to the sport disciplines but showed a higher RR genotype frequency in comparison to strength- and 
endurance-trained athletes. In addition, control group had a decrease in heterozygote genotype frequency 
RX with respect to athletes (Table 3). The ACTN3 R577X genotype frequencies were in HWE in all groups 
(p > .05). 
 
Table 3. ACTN3 R577X genotype distribution and allele frequencies. 

Genotype Distribution All athletes(n = 37) Strength (n = 27) Endurance (n = 10) Control (n = 37) 

RR 13 (35.1 %) 10 (37%) 3 (30%) 16 (43.24%) 
RX 20 (54.1%) 15 (55.6%) 5 (50%) 13 (35.14%) 
XX 4 (10.8%) 2 (7.4%) 2 (20%) 8 (21.62%) 

HWE p-value 0.365 0.257 0.975 0.11 

Allelic Frequency         
R 46 (62.16%) 35 (64.8%) 11 (55%) 45 (60.8%) 
X 28 (37.84%) 19 (35.2%) 9 (45%) 29 (39.2%) 
HWE, Hardy-Weinberg equilibrium; distribution of the genotype expressed as frequency (percentage). 

 
ACE I/D (rs1799752) Genotype and Allele Frequencies 
 
Table 4. ACE I/D genotype distribution and allele frequencies. 

Genotype Distribution All athletes(n = 37) Strength (n = 27) Endurance (n = 10) Control (n = 37) 

DD 13 (35.1 %) 11 (40.7%) 2 (20%) 10 (27%) 
DI 9 (24.3%) 3 (11.1%) 6 (60%) 20 (54.1%) 
II 15 (40.5%) 13 (48.2%) 2 (20%) 7 (18.9%) 

HWE p-value 0.002 <0.005 0.739 0.591 

Allelic Frequency         
D 35 (62.16%) 25 (46.3%) 10 (50%) 40 (54.1%) 
I 39(37.84%) 29 (53.7%) 10 (50%) 34 (45.9%) 

HWE, Hardy-Weinberg equilibrium; distribution of the genotype expressed as frequency (percentage). 

 
ACE DD genotype distribution in strength-athletes was approximately 2- and 1.5-fold in comparison to 
endurance-athletes and control subjects. The homozygote II genotype distributions for strength-, endurance-
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trained and control individuals were 48.2%, 20%, and 18.9%, respectively (Table 4). ACTN3 R577X and ACE 
I / D genotype frequencies were in HWE in the endurance and control group (p = .739 and .591, respectively), 
but not in the strength group (p < .05). 
 
DISCUSSION 
 
In this exploratory study, we evaluated the genotype distribution and allelic frequency of the ACTN3 R577X 
and ACE I/D polymorphisms in a group of Colombian strength- and endurance-athletes. We also performed 
the genotyping of a matched-size sample of healthy non-athletic individuals. The results showed that all group 
met the HWE for ACTN3 R577X genotype (all p > .05), but this was not found for the ACE I/D genotype in 
the athlete group (.002), particularly for the strength group (p < .05). In the strength-trained athletes, it was 
observed a higher predominance of the RX genotype (55.6%), in comparison with the RR (37%) and XX 
(7.4%) genotypes. These athletes also had a higher distribution of the R than the X allele (64.8% and 35.2%, 
respectively). Interestingly, the endurance athletes had a similar genotype distribution for RR and RX (see 
Table 3) but important differences were obtained on both the XX genotype (20% endurance vs. 7.4% in the 
strength-group) and the allelic frequency (R = 55%, X = 45%). This behaviour of the data is in accordance 
with previous reports in athletes trained for strength, power or high-intensity short-rest efforts (Nir Eynon et 
al., 2013; Lammi, Tharabenjasin, Pabalan, & Jarjanazi, 2019; Ribas et al., 2017). For example, Eynon et al. 
(Nir Eynon et al., 2013) showed a genotype distribution on elite and national-level strength/power-athletes 
from Spain (n = 119, RR: 31%, RX: 55%, and XX: 13%), Poland (n = 178, RR: 40%, RX: 52%, and XX: 8%) 
and Russia (n = 82, RR: 40%, RX: 48%, and XX: 12%) that were similar to our results. Ribas et al. (Ribas et 
al., 2017) also reported analogous findings in a Brazilian population of elite fighters; notwithstanding, it is 
interesting to note that our results coincide only with the genotype distribution of the percussion group 
(athletes who practice Karate, Taekwondo, Muay Thai, boxing – n = 14, RR: 37.7%, RX: 57%, and XX: 7.2%) 
and not with the grappling group (judo, Brazilian Jiu-Jitsu, Greco-Roman wrestling – n = 23, RR: 52.2%, RX: 
26.1%, and XX: 21.7%). This might be due to the high-intensity short-term movements with greater strength 
and power, which are features of the percussion-based combat sports. In fact, the ACTN3 R577X 
polymorphism has been postulated as a potential marker for power performance (Nir Eynon et al., 2013) and 
there is an association between the number of type II muscle fibres and the RR and RX genotype (Vincent 
et al., 2007). Hence, the higher presence of the RX (followed by RR) genotype reported in our study for the 
strength-athletes might be related to a higher expression of ACTN3 protein, which is particularly involved in 
the optimization of muscle contraction in fast-twitch fibres. Furthermore, the R allele has been associated 
with a conservation of muscle mass (Galeandro et al., 2017) and a recent meta-analysis has clearly 
presented the associations between the RX and RR genotype / R allele with power performance (Lammi et 
al., 2019). This is in agreement with the results of Stucky-Byler and Rodríguez-Buitrago (Stucky-Byler, 2018), 
who demonstrated a relationship between the RX genotype and the strength/power performance in 
Colombian weightlifters. 
 
On the other hand, endurance sports are characterized by a relatively low-moderate intensity and long-
duration events, where oxidative metabolism is the predominant source for ATP resynthesis during exercise 
(Petro & Bonilla, 2015). The insertion of the 287 base-pair Alu sequence in the ACE gene has been 
associated to slow-twitch type I muscle fibres (Papadimitriou et al., 2016), and is reported to account for the 
≈47% of fluctuations in the protein activity in plasma (Sabir et al., 2019; Woods et al., 2001). The insertion of 
this sequence has been related to less vasoconstriction due to a decrease in the ACE serum levels and 
activity and, therefore, higher oxygen availability and nutrients delivery for muscle fibres in contraction (Gunel 
et al., 2014). In Tunisian athletes the I and D alleles of the ACE polymorphism have been associated with 
high level of human endurance and power performance, respectively (Znazen et al., 2015). In this sense, 
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Gonzalez et al. (Gonzalez et al., 2013) published a meta-analysis which consistently provided more solid 
evidence for associations between ACE II genotype and endurance events. In our group of endurance-
trained athletes, it was observed a higher predominance of the DI genotype (60%), in comparison to the DD 
(20%) and II (20%) genotypes. These athletes also had an equal distribution of both the D and I allele (50% 
each one). Notwithstanding, the very low number of these athletes (n = 10) makes difficult to have an 
objective interpretation of the results; thus, the high frequency observed might account for the variability in 
the athletes’ population, which enforces the recommendation of focusing genetic studies on a large cohort 
within a single sport instead of combining several sports with varied demands and athletes’ characteristics 
(Heffernan et al., 2016). In fact, in team sports, the players’ position has shown to be associated to a different 
genotype distribution (Bell et al., 2010). 
 
Our study also found a combination of ACTN3 and ACE gene variants for RR and DD genotypes in four 
athletes, which have been linked to competitive advantage, as Galeandro et al. (Galeandro et al., 2017) 
demonstrated in a group of football players with clear co-occurrence of the ACTN3 RR and ACE DD 
genotypes. Similarly, four athletes showed ACTN3 XX and ACE II genotypes, which might be related to 
resisting muscle fatigue, which is in agreement with previous data (Nir Eynon et al., 2013). In this sense, 
using genetic models, Papadimitriou et al. (Papadimitriou et al., 2016) established that the ACTN3 R allele 
and ACE D allele dominant model account for 0.92 % and 1.48 % of sprint time variance, respectively, in a 
large, performance-homogenous cohort of elite Australian, Brazilian, Greek, Jamaican, Italian, Polish, 
Russian, Lithuanian, Spanish and US sprinters. Although some research have established that the genetic 
background of ACTN3 R577X and/or ACE I/D polymorphisms play an important role in sporting potential, 
which might explain why some individuals may be better adapted to specific physical training or performance 
(Chiu et al., 2019; Coelho et al., 2018; Del Coso et al., 2019; Kikuchi et al., 2015; Li et al., 2017; Massidda 
et al., 2019; R. Yang et al., 2017; Znazen et al., 2015), readers should note that other studies have reported 
no association between the ACTN3 R577X and/or ACE I/D polymorphism and athletic performance (Falahati 
& Arazi, 2019; Koku et al., 2019; Maciejewska-Skrendo, Cięszczyk, Chycki, Sawczuk, & Smółka, 2019; 
Massidda et al., 2015; Miyamoto, Miyamoto-Mikami, Hirata, Kimura, & Fuku, 2018; Moreno-Pérez, Machar, 
Sanz-Rivas, & Del Coso, 2020; Papadimitriou et al., 2018). For example, the findings of Orysiak et al. 
(Orysiak et al., 2018) do not support an influential role of ACE I/D and ACTN3 R577X genotypes (alone or in 
combination) on power/strength performance in elite Polish athletes. In this regard, these two polymorphisms 
together, separately, or part of an algorithm do not predict training response due to the polygenic nature of 
the adaptation to exercise; therefore, we advise that personalized training derived from genetic testing have 
to be based on clear, confident, robust, and reproducible studies, specially while genome-wide association 
studies are developed to confirm the type of relation between genotypes and physical / performance 
outcomes. Actually, the current general consensus among sport and exercise genetics researchers is that is 
too early to recommend direct-to-consumer genetic testing in order to program training or for talent 
identification or selecting children or adolescents (Webborn et al., 2015). 
 
Limitations 
This study has several limitations that should be highlighted. As an individual study, it may be hampered by 
sample size. Also, the variability in the athletes’ population makes necessary more studies with a larger and 
more homogeneous cohort that allow coming with strong conclusions. Additionally, due to technical issues 
we were not able to report associations to morphological and performance outcomes. Finally, given the lack 
in replicated scientific evidence for the studied polymorphisms, besides of controversial results, exercise and 
athletic population can learn about their genetic distribution but the consensus is that the predictive value for 
training or talent identification is low (Webborn et al., 2015). Notwithstanding, our study add information to 
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the scientific literature about the genotype distribution and allelic frequency in Colombian athletes, which 
might encourage future molecular studies in the field. 
 
CONCLUSIONS 
 
Physical performance is conditioned by factors such as nutrition, exercise, environment, and biological 
elements that are related to the inheritance of individual characters. Despite the small sample, our results of 
genotype distribution and allelic frequency for ACTN3 R577X and ACE I/D polymorphisms in strength-trained 
athletes are in accordance with previous reports for high-intensity intermittent exercisers and power/strength 
athletes. These athletes had a higher distribution of the R than the X allele in the ACTN3 gene. The very low 
number of endurance-trained athletes makes difficult to have an objective interpretation of our results. This 
exploratory study contributes to the molecular characterization of Colombian athletes, with an unprecedented 
report of the genotypic distribution and allelic frequency of ACTN3 R577X and ACE I/D. More research is 
needed with the aim of improving the methodologies and its applications to sports medicine. 
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