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ABSTRACT. Several genes have been identified as important in
athletic performance. The angiotensin-converting enzyme (ACE)
insertion/deletion (I/D) polymorphism has been related to improvements
in performance and exercise duration. However, there are large
divergences among studies on the influence of ACE I/D polymorphism
on physical performance. Other studies have demonstrated that strenuous
exercise generally overloads the endogenous antioxidant system’s
capacity, leading to oxidative damage to muscles and other tissues in
athletes. Few studies have reported significant associations between
glutathione S-transferase (GST) deletion polymorphisms and resistance
performance in athletes. We examined the effects of ACE I/D and GST
deletion polymorphisms in young soccer players in central Brazil. We
included 65 soccer players from under-20 (18 to 20 years old) soccer
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teams and 60 non-athletes in a case-control study. All subjects had their
physical performance investigated through the Running-based Anaerobic
Sprint Test (RAST). Genotyping was performed using real-time PCR.
We found that the I/D genotype was significantly more frequent in
athletes compared with the non-athletes. Individuals with the ID and DD
genotypes had an approximately 3.13-fold and 4.37-fold increase in
strength and power-orientated performance, respectively. The DD
genotype in athletes presented RAST-test results considered as excellent
to good when compared with non-athletes. When we examined a
possible association of the GST deletion polymorphisms and RAST test,
we found no influence on athletic performance. We did find association
between ACE I/D polymorphism and athletic performance. However,
there was no association between GST polymorphisms and risk of
oxidative damage in the muscles. Our findings may help to select young
players with the most favorable genetic potential to succeed as soccer
athletes.
Key words: ACE I/D polymorphism; GSTT1/GSTM1 deletion polymorphisms;
RAST test; Young soccer athletes

INTRODUCTION
Several genes have been identified as relevant for improving athletic performance.
In the case-control GENATHLETE study, single nucleotide polymorphisms (SNPs) in
several candidate genes were investigated, but none provided strong evidence for
differences in allele and genotype frequencies between elite athletes compared with control
subjects (Rankinen et al., 2016). Previously published reports have focused on differences
in allele frequencies between athletes and non-athletes in some polymorphisms, such as
angiotensin I converting enzyme (ACE) alleles (Rankinen et al., 2000; Rankinen et al.,
2016). This polymorphism became the first genetic element shown to substantially impact
human physical performance (Grealy et al., 2015; Papadimitriou et al., 2018).
The renin-angiotensin system (RAS) is an endocrine regulator that also influences
local tissues and cells, where it serves a variety of functions. The ACE insertion/deletion
(ACE I/D, rs1799752) polymorphism has been related to improvements in performance and
exercise duration in various populations (De Mello Costa et al., 2012; Ma et al., 2013;
Weyerstra et al., 2017). The I allele, represented by a 287 bp insertion, has been consistently
linked to endurance-orientated events, lower serum levels of ACE, and improved
performance in endurance sports. The deleted form of the variant (D allele) has been
associated with higher circulating and tissue ACE activity, promoting strength, and powerorientated performance (Nazarov et al., 2001; Micheli et al., 2011; Almeida et al., 2012;
Jacob et al. 2018).
Many athletes and individuals participating in regular exercise programs consume
antioxidant supplements to avoid enhanced production of reactive oxygen species (ROS) in
response to exercise (Akimoto et al., 2010; Miranda-Vilela et al., 2011). However,
strenuous exercise (undertaken above the habitual intensity of effort), or training with a very
elevated cardiac frequency will generally overload the endogenous antioxidant system’s
capacity, leading to an increase in plasma lipid peroxidation plus oxidative damage to
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muscles and other tissues (Vecchio, 2017). Some polymorphisms have also been implicated
in changed lipid levels, immune reactivity, and biotransformation of many substances, such
as products of oxidative stress and athletic performance (Miranda-Vilela et al., 2011).
Individual genetic differences may affect the antioxidant response and influence
athlete performance and health. Glutathione S-transferase (GST) is a multigenic
superfamily of phase II detoxification enzymes. GST plays a crucial role in cellular
protection against oxidative stress by promoting detoxification. Moreover, this group of
genes mediate the conjugation of reduced glutathione to electrophilic species, leading to the
elimination of toxic compounds and thus favoring an antioxidant response (Pinheiro et al.,
2017; Zarebska et al., 2017). Furthermore, GSTM1 and GSTT1 deletion polymorphisms
could influence performance induced by effort and resistance (Akimoto et al., 2010;
Miranda-Vilela et al., 2011).
There are significant divergences among studies reporting the impact of ACE I/D
polymorphism on physical performance. However, few studies have been published on the
association between the GSTT1/GSTM1 deletion polymorphisms and athletic performance.
This first study on the Central Brazilian population was designed to provide more
information about the effects of the ACE I/D and GSTT1/GSTM1 polymorphisms on soccer
players and their performance.

MATERIAL AND METHODS
In our study, we investigated 65 young soccer players from two under-20 (18 to 20
years old) soccer teams in Goiás, Brazil. Our control group was composed of 60 nonathletes from a fitness center in the metropolitan region of Goiânia, Goiás, Brazil. This
research was approved by the Research Ethics Committee of the Federal University of
Goiás (UFG), Brazil. This study was conducted following the Ethical Principles for Medical
Research Involving Human Subjects of the World Medical Association and the Declaration
of Helsinki.
All procedures followed in this study meet the ethical standards in Sport and
Exercise Science Research and were approved by appropriate local ethics committees.
Written informed consent was obtained from all participants of this research. We set the
inclusion criteria according to The STrengthening the REporting of Genetic Association
studies (STREGA) guidelines for improved reporting of genetic association studies (Little
et al., 2009).
Each subject involved in the study had their physical performance evaluated using
the Running-based Anaerobic Sprint Test (RAST). The RAST test was used for collecting
indicators related to speed, strength, and power-oriented performance. In this test, all
individuals of the study were asked to run a distance of 35m six times at their maximum
possible speed, with rest periods of 10s between each of the six runs.
Peripheral blood samples were collected in heparinized tubes, and genomic DNA
was extracted using the DNA PureLink® kit (Invitrogen by Life Technologies, USA). The
DNA samples were stored in a freezer (-80ºC). To determine ACE polymorphism, the
Insertion (I) and Deletion (D) alleles were analyzed by a real-time PCR assay, followed by
melting curve analysis. The primers and the thermocycling conditions were applied as
previously described (Lin et al., 2001).
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The GSTM1 and GSTT1 deletion polymorphisms were determined through a multiplex
real-time PCR, followed by melting curve analysis, as previously described (Pinheiro et al.,
2013). The homozygous deletion was designated as null genotype (complete deletion of both
alleles), and the positive genotype had at least one wild-type allele.

Statistical analysis
The chi-square test was used to compare the genotype frequencies. Allelic
frequencies were tested for Hardy-Weinberg equilibrium. The odds ratio (OR) and 95%
confidence interval (CI) provided a measure of the strength of association to assess the
impact of young soccer players’ genotype on physical performance. The prevalence ratio
was used to estimate the association between the RAST test, ACE genotypes, and GSTs
polymorphisms. Logistic regression was used to determine the relationship between the
RAST test and the polymorphisms. A P-value of less than 0.05 was considered statistically
significant. All statistical analyses were conducted using the STATA (v. 13.0).

RESULTS
Genotyping was carried out successfully in all individuals. The genotype
frequencies are shown in Table 1. In the young soccer players, the frequency of the I allele
was 49%, whereas for the control group it was 60%. In addition, the frequency for the D
allele was 51 and 40% for young athletes and non-athletes, respectively.
The ID and DD genotypes were significantly more frequent in athletes than in the
control group, with P = 0.01 and P = 0.03, respectively. For the GSTM1/GSTT1 frequency,
the GSTM1 genotype did not reach statistical significance in differentiating individuals with
null and positive genotypes (P = 0.065). For the GSTT1 genotype, we did not observe
significant differences between individuals with null and positive genotypes (P = 0.281,
Table 1).
The high frequency of the D allele in young soccer players demonstrated that this
polymorphism could influence physical performance. The DD individuals presented a 4.37fold increase in athletic performance in relation to the other ID genotypes (P = 0.039). In
addition, the ID genotype was associated with a 3.13-fold increase in athletic performance.
Conversely, for the GST polymorphism, significant differences were not observed for any
genotype (Table 1).
Table 1. The distribution of genotypes in young soccer players (YSP) and non-athletes (NA).
Gene
ACE

Genotype
YSP n
NA n
χ²
P
OR (CI 95%)
P
II
07
17
1.00 (Reference)
ID
49
38
5.54
0.018*
3.13 (1.1790 -8.3179)
0.022*
DD
09
05
4.47
0.034*
4.37 (1.0742 - 17.7900)
0.039*
GSTM1
Positive
49
36
1.00 (Reference)
Null
16
24
3.39
0.065
0.48 (0.2279 - 1.0526)
0.067
GSTT1
Positive
46
37
1.00 (Reference)
Null
19
23
1.15
0.281
0.66 (0.3151 - 1.4011)
0.282
Young soccer players (YSP) and non-athletes (NA). χ² = Chi-Square; OR = odds ratio, CI = confidence interval, ∗P < 0.05
denotes significance.
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We quantified the strength of the association between the young soccer players’
genotype and performance on the RAST test through an OR and a 95% confidence interval
(Table 2). The performance was compared with the control group (non-athletes) and
adjusted for confounding factors. The athletes with the DD genotype had excellent to good
results and a 9.33-fold increase in performance when compared to the control group (P =
0.010). Furthermore, the D allele was associated with a 4.14-fold increase in excellent to
good results in the RAST test for ID individuals (P = 0.04). Acceptable to weak results for
the RAST test demonstrated that the I allele had no influence on performance.
For the association between the GSTM1 and GSTT1 genotypes and the RAST test,
there was no apparent influence of these polymorphisms on athletic performance. However,
for the combination genotypes, the data showed a tendency for GSTM1/T1 (+/-) to be
associated with excellent to good results in the RAST test. However, there was the increase
in physical performance, but was not significant (OR = 0.33; CI = 0.100 - 1.109; P = 0.073,
Table 2).

Table 2. Distribution of ACE and GSTM1/GSTT1 (combination) genotypes; and the association analysis
for the RAST test in young soccer players (YSP) and non-athletes (NA).
RAST ACE

NA n
χ²
P
OR (95%CI)
P
14
1.00 (Reference)
27
4.60
0.031*
4.14 (1.062 - 16.208)
0.040*
Excellent to Good
04
7.18
0.007*
9.33 (2.014 - 76.874)
0.010*
03
1.00 (Reference)
Acceptable to Weak
11
0.40
0.525
1.70 (0.325 - 8.933)
0.528
01
0.03
0.858
0.75 (0.032 -17.507)
0.857
RAST GST
NA n
χ²
P
OR (95%IC)
P
13
1.00 (Reference)
Excellent to Good
13
3.31
0.068
0.33 (0.100 - 1.109)
0.073
13
2.58
0.107
0.38 (0.121 - 1.245)
0.111
07
3.58
0.058
0.20 (0.037 - 1.159)
0.073
06
1.00 (Reference)
0.07
02
0.792
1.28 (0.199 -8.294)
0.791
Acceptable to Weak
0.14
03
0.701
0.71 (0.122 - 3.994)
0.701
0.93
01
0.333
3.00 (0.0299 – 30.020)
0.350
RAST= Running-based Anaerobic Sprint Test, χ² = Chi-Square; OR=odds ratio, CI= Confidence Interval, ∗P < 0.05
II
ID
DD
II
ID
DD
M1⁄T1
+⁄+
+ ⁄- ⁄+
- ⁄+⁄+
+ ⁄- ⁄+
- ⁄-

YSP n
03
24
08
04
25
01
YSP n
18
06
07
02
14
06
05
07

denotes statistical significance.

In the logistic regression model, we evaluated the association between the RAST
test and the polymorphisms (Table 3). It was not possible to observe any association
between the analyzed variables.
Table 3. RAST test comparison between the polymorphisms.
Polymorphism
RAST PR* (CI 95%)
GST (M1/T1)
1.19 (0.879 – 1.632)
Genotype ID/DD and II
1.19 (0.879 – 1.632)
RAST= Running-based Anaerobic Sprint Test; CI = confidence interval. * Prevalence Rate
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DISCUSSION
Human athletic performance is a highly complex phenotype that could be
considered as a multifactorial, polygenic trait. In general, the association of genetic
polymorphisms with sporting prowess is recognized in studies of elite athletes drawn from a
single sport (Pitsiladis et al., 2013). Notably, the ACE I/D polymorphism has been reported
variably in different sports modalities (Puthucheary et al., 2011). However, some studies
have shown a significant association between these genomic features and sports
performance (Papadimitriou et al., 2018). For GSTM1/GSTT1 deletion polymorphisms,
there are few studies relating these polymorphisms to athletic performance.
In our findings, for both groups, there was a greater frequency of the ID genotype of
the ACE I/D polymorphism, such as in the frequency of the GSTM1/GSTT1 positive
genotype. However, the DD genotype and GSTM1/GSTT1 null genotype were less frequent
than other genotypes in this population.
The finding of the D allele in young soccer players demonstrated that this
polymorphism could influence physical performance. The DD and ID individuals showed
an increased potential for improved sporting performance. These findings are in agreement
with other reports (Gineviciene et al., 2016; Ribas et al., 2017; Weyerstra et al., 2017; Jacob
et al., 2018) and can be justified by the high degree of heterogeneity found in the Brazilian
population (Santos et al., 2015).
In a sporting context, according to Jacob et al., (2018), the frequency of I alleles
presumably increases with racing distance elite Caucasian runners and swimmers.
Therefore, the insertion allele appears to be an advantageous genotype for endurance sports.
Athletes with this allele tend to have an increased aerobic capacity and better performance
in a range of endurance sports (Thaylor et al., 1999). The ACE allele deletion has
commonly been associated with sporting performance dependent on strength and power.
This particular allele is related to circulating plasma levels of ACE, with a DD
genotype resulting in signiﬁcantly higher levels of ACE compared to the II genotype
(Ostrander et al, 2009). Our study suggests that individuals with DD and ID genotypes are
more predisposed to greater physical strength and power due to the presence of the D allele.
Concordantly, our findings are in agreement with the studies made in Australia and Turkey
(Ulucan et al., 2015; Jacob et al., 2018). In a Serbian study with female soccer players, there
was a high prevalence of the DD genotype, suggesting that individuals with this genotype
tend to perform better in soccer (Jeremic et al., 2019).
The RAST test has been used as an indicator of anaerobic power and oxygen uptake
profile as it requires a greater contribution from aerobic metabolism (Keir et al., 2013). The
main finding of our study is that ACE polymorphism was associated with anaerobic
performance. We demonstrated that in the RAST test, athletes with the DD genotype
presented excellent to good performance, indicating that the DD genotype may be more
beneficial for anaerobic power (OR=9.33, p=0.010). A meta-analysis demonstrated a
significant association of the ACE D allele with elite power athletes’ status, suggesting that
the ACE D allele can be considered a power allele (Weyerstra et al., 2017).
On the other hand, there is a higher level of ACE activity for D allele carriers,
resulting in an increase in both angiotensin II and metabolism of bradykinin, which, in
addition to blood pressure regulation, has a significant impact on metabolic processes (De
Mello Costa et al., 2012). In a Brazilian study, it was found that the ACE – DD genotypic
Genetics and Molecular Research 18 (2): gmr18192
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distribution in wrestlers was favorable to activities involving strength and power. The
authors reported that the DD genotype was more predominant in wrestlers compared with
controls (45.7 vs. 32.2%, respectively). This study also suggested that the more predisposed
to fight sports are individuals with ACE gene alleles related to strength and muscle power
(Ribas et al., 2017). Thus, based on the role of ACE I/D polymorphism in anaerobic power,
strength, and muscle power, we speculate that determining ACE genomic status could
facilitate identifying athletes with optimal performance in distinct soccer positions.
On the other hand, several investigations have provided evidence that exercise can
either positively or negatively affect oxidative status based on training load, training
specificity, and the basal level of training (Akimoto et al., 2010). Indeed, studies have
shown that even anaerobic exercise (e.g., high-intensity training) can produce similar levels
of oxidative stress (Miranda-Vilela et al., 2011). The degree of oxidative damage and the
time course for elevation in oxidative stress markers - during and following both acute
aerobic and anaerobic exercise - are dependent on the type, intensity, volume, and duration
of muscle contraction. Moreover, the oxidative mechanisms are also influenced by gender,
age, individual fitness levels, and nutritional status, leading to differences in the oxidative
status between athletes in different sporting disciplines (Vecchio et al., 2017). However, in
our study, there was no association between the GSTM1/GSTT1 deletion polymorphisms
and better athletic performance.
This first study of the central Brazilian population, in which we investigated gene
polymorphisms and exercise-induced oxidative stress, DNA damage was dependent on the
interaction between the combinations of specific genotypes. These results indicate that, in
runners, other polymorphisms may influence performance but not GSTM1/GSTT1 deletion
or ACE polymorphism (Akimoto et al., 2010). Our study is also the first to relate genetic
polymorphisms to athletic performance in young Brazilian soccer players. Our findings are
in keeping with those of Akimoto et al. (2010), who reported that GSTM1/GSTT1 deletion
did not significantly affect performance.
Zarebska et al. (2017) emphasized that the G allele of the GSTP1 gene (c.313AG
single nucleotide polymorphism) is associated with improved endurance performance.
These observations could support the hypothesis that the GSTP1 G allele improves exercise
performance by better elimination of exercise-induced reactive oxygen species (Pitsiladis et
al., 2013). In addition, our study also investigated the role of the GSTM1/GSTT1
polymorphisms in young soccer players’ performance, but the results did not reach
statistical significance.
Soccer is an intermittent sport characterized by approximately 1200 acyclical and
unpredictable changes in activity (every 3 to 5s). These typically involve as many as 40
sprints, more than 700 turns, seven jumps, and up to 40 tackles. In addition, the game
requires other intense actions such as decelerations, kicking, dribbling, and tackling. All
these efforts exacerbate the physical strain imposed on players and contribute to making
football a physiologically demanding sport (Iaia et al., 2009), which involves both aerobic
and anaerobic metabolism (Vecchio et al., 2017). We found that the D allele and DD
genotype predispose the individual to greater strength and muscle power. However,
GSTM1/GSTT1 deletion polymorphisms should be further investigated with regards to the
oxidative stress response in high-intensity training. Athletic performance is a highly
complex, multifactorial, and polygenic trait. These results could be employed for
identifying young athletes with the greater genetic potential to succeed in soccer
Genetics and Molecular Research 18 (2): gmr18192
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performance. Moreover, these athletes could undergo customized training based on their
genotypes.

CONCLUSIONS
The first study in the Central Brazilian population that investigated the influences of
genes polymorphisms, described the association on the ACE genotypes, and it’s might help
select young with the most favorable genetic potential to succeed such as soccer athletes.
On the other hand, the GST polymorphism indicated no associations for risk oxidative
damage muscle.
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