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Abstract The inXuence of ACE gene on athletic perfor-
mance has been widely explored, and most of the published
data refers to an I/D polymorphism leading to the presence
(I allele) or absence (D allele) of a 287-bp sequence in
intron 16, determining ACE activity in serum and tissues. A
higher I allele frequency has been reported among elite
endurance athletes, while the D allele was more frequent
among those engaged in more power-orientated sports.
However, on competitive swimming, the reproducibility of
such associations is controversial. We thus compared the

ACE genotype of elite swimmers with that of non-elite
swimming cohort and of healthy control subjects. We thus
sought an association of the ACE genotype of elite swim-
mers with their competitive distance. 39 Portuguese Olym-
pic swimming candidates were classiWed as: short (<200 m)
and middle (400–1,500 m) distance swimmers, respec-
tively. A group of 32 non-elite swimmers were studied and
classiWed as well, and a control group (n = 100) was
selected from the Portuguese population. Chelex 100 was
used for DNA extraction and genotype was determined by
PCR-RFLP methods. We found that ACE genotype distri-
bution and allelic frequency diVers signiWcantly by event
distance only among elite swimmers (P · 0.05). Moreover,
the allelic frequency of the elite short distance swimmers
diVered signiWcantly from that of the controls (P = 0.021).
No associations were found between middle distance swim-
mers and controls. Our results seem to support an associa-
tion between the D allele and elite short distance
swimming.

Keywords Genetic polymorphisms · Angiotensin 
converting enzyme · Sports performance · Swimming

Introduction

The angiotensin converting enzyme (ACE) catalyzes the
conversion of angiotensin I into angiotensin II (Ang II), a
peptide that is physiologically active. Most of the Ang II
eVects are mediated predominantly through two speciWc
human receptors (AT1 and AT2). Stimulation through the
AT1 receptor by Ang II mediates an arterial vasoconstriction
response. ACE also degrades bradykinin, whose action on
the type 2 receptor (BK2) results in vasodilatation. More-
over, ACE has a role on the endocrine rennin–angiotensin
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system (RAS), controlling electrolyte balance and systemic
blood pressure (Rieder et al. 1999). In addition, a local tis-
sue RAS are well described in several tissues of the body,
particularly in human myocardium (Dzau 1988), adipose
tissue (Jonsson et al. 1994) and skeletal muscle (Dragovic
et al. 1996; Reneland and Lithel 1994).

A polymorphism of the ACE gene has been described
(Rigat et al. 1990) in which the presence (insertion, I
allele) or absence (deletion, D allele) of a 287-base-pair
DNA sequence within intron 16, resulting in three possi-
ble genotypes: II, DD and ID. Compared to the I allele,
the presence of the D allele has been linked to an
increased circulating (Cambien et al. 1994; Rigat et al.
1990) as well as tissue ACE activity (Costerousse et al.
1993; Danser et al. 1995). The D allele has been also
associated with a higher risk for myocardial infarction
and heart failure (Ledru et al. 1998) and with exercise-
induced left ventricular hypertrophy (Fatini et al. 2000;
Hernandez et al. 2003; Montgomery et al. 1997; Kasikcioglu
et al. 2004).

Studies concerning the eVect of ACE genotype on skele-
tal muscle strength and mass in response to strength train-
ing have yielded inconsistent results (Folland et al. 2000;
Pescatello et al. 2006; Thomis et al. 2004; Williams et al.
2005). Nevertheless, the ACE D allele seems to be overrep-
resented among elite athletes, who compete in power-
oriented events (Myerson et al. 1999; Nazarov et al. 2001),
and the I allele among elite endurance athletes (Alvarez
et al. 2000; Collins et al. 2004; Gayagay et al. 1998; Moran
et al. 2004). In fact, the II genotype has been associated
with an altered submaximal hemodynamic responses with
training (Hagberg et al. 2002) as well as with diVerences in
VO2max (Hagberg et al. 1998), although the results are con-
troversial (Day et al. 2007; Rankinen et al. 2000a; Woods
et al. 2002). Improved muscle eYciency is more likely to
explain such diVerences (Williams et al. 2000). In what
refers physical performance the results obtained by diVer-
ent research groups are also controversial (Lucia et al.
2005; Rankinen et al. 2000b; Scott et al. 2005; Taylor et al.
1999).

With respect to competitive swimming, to the best of
our knowledge only three large studies (Nazarov et al.
2001; Woods et al. 2001; Tsianos et al. 2004) have
directly characterized a possible link between ACE I/D
polymorphism and performance in elite swimmers. How-
ever, regarding the swim event expertise, these studies
had inconsistency between their sample stratiWcation,
which does not allow the comparative analysis of the
results.

In this context, our main goal was to determine I/D allele
frequencies of the Portuguese elite swimmers and to
establish a more accurate association between I/D allele
frequency with event specialization and swim level.

Methods

Subjects

After informed consent, elite (n = 39, 22 males and 17
females, 18.84 § 2.97 years) and average (n = 32, 16 males
and 16 females, 18.07 § 3.03 years) swimmers were
recruited from the 2008 Swimming Portuguese Champion-
ship (long course pool). The swimmers were stratiWed into
two homogeneous groups, based on their current distance
event of expertise: short distance swimmers (SDS), between
50 and 200 m (mainly anaerobic events) and middle dis-
tance swimmers (MDS), 400–1,500 m (mixed anaerobic and
aerobic events). A control group of healthy individuals
(n = 100, 49 males and 51 females, 21.83 § 2.92 years) was
also selected from the Portuguese population (college stu-
dents) with no background in swimming.

The research study was approved by the local health ser-
vices research ethics committee and was carried out accord-
ing to the declaration of Helsinki.

Genetic analysis

Blood spots were collected onto Wlter paper (Albet, DP
400200), dried at room temperature and stored in separate
plastic bags at 4°C until DNA extraction by Chelex proto-
col (Walsh et al. 1991). The ACE I/D polymorphism was
genotyped using conditions previously described (Tiret
et al. 1992). The PCR products were visualized by electro-
phoresis on 2% agarose gel and identiWed by ethidium bro-
mide staining. ACE I/D alleles were visualized as a 490-bp
band (I allele); a 190-bp band (D allele). II, DD and ID
genotypes were identiWed.

Statistical analysis

Statistical analysis was performed using SigmaStat® Soft-
ware Version 5.0 for Windows®. Allele frequencies were
estimated by gene-counting method. Genotype distribution
and allele frequencies between groups were compared by
Chi-Square test, as were estimates Hardy–Weinberg equi-
librium. The Fisher’s exact test was also used when appro-
priate. Statistical signiWcance was deWned as P < 0.05.

Results

Data obtained for both genotype and allele distributions
analysis is showed in Table 1. Genotypic frequencies in
both swimmers and controls were in Hardy–Weinberg
equilibrium, making selection bias less likely.

When we analyze the results obtained for the genotype
distributions and allelic frequencies of the control group
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and the swimmers overall (elite and average), there are no
statistical diVerences between them (P > 0.05). However,
when the swimmers are stratiWed into two homogeneous
groups, based on their current distance event of expertise
(SDS and MDS), we were able to verify that the allelic fre-
quencies of elite SDS are signiWcant diVerent toward con-
trol group (P = 0.021). In addition, there is a higher
frequency of the DD genotype in elite SDS when compared
with controls (P = 0.029). In contrast, when average swim-
mers were considered (SDS and MDS groups), the results
show no signiWcant statistical diVerences (P > 0.05) in rela-
tion to controls.

As seen in Fig. 1, the analysis by race distance shows
that the allelic frequencies of elite SDS are diVerent when
compared to the elite MDS (P < 0.001). This was due to an
excess frequency of the DD genotype and a decrease fre-
quency of II genotype in elite SDS, when compared with
elite MDS group. These diVerences are statistically signiW-
cant (P = 0.009). The same procedure was performed on

average swimmers, and no signiWcant statistical diVerences
(P > 0.05) were found. Furthermore, allelic frequencies of
stratiWed elite and average swimmers groups are signiW-
cantly diVerent: between elite SDS and average SDS
(P = 0.014); between elite MDS and average MDS
(P = 0.013).

Discussion

Several studies revealed the general tendency of individuals
with I allele to show superior performance in endurance
sports such as rowers (Gayagay et al. 1998), long-distance
runners (Moran et al. 2004; Myerson et al. 1999), triathletes
(Collins et al. 2004) and cyclists (Alvarez et al. 2000).

Among competitive swimmers, Woods et al. (2001)
reported an excess frequency of the D allele overall, with
no signiWcant variation in I allele frequency by event dis-
tance (>400 m and <400 m). Nazarov et al. (2001) stratiWed
swimmers in three event groups with diVerent durations
(<1 min, 1–20 min and longer than 20 min), not by regular
trial distance, and found an excess of the D allele in short
distance swimmers (P = 0.042) and of the I allele in middle
distance swimmers (P = 0.042). Tsianos et al. (2004) com-
pared long open water swimmers competing over distances
of 5, 10, and 25 km, and found an association of the ACE I
allele with elite endurance athletic performance, and the D
allele with shorter-distance swimming.

Our results support these previous observations, demon-
strating an association of the D allele with elite short-distance
swimmer status (P = 0.021). However, the power of the per-
formed test (0.638; � = 0.05) was below the desired power of
0.80. Therefore, we should interpret these Wndings cautiously.

These diVerences are sustained mainly by an excess of
DD genotype frequency and a low II genotype on the elite
SDS group compared with elite MDS or to control group.
The fact that this study applied more rigorous limits to
establish the SDS group stratiWcation (50–200 m) highlight

Table 1 ACE genotype distri-
bution and allele frequencies of 
the swimmers and controls

Subjects N ACE genotype Allele frequency

DD ID II D I

Swimmers overall

Elite 39 20 (0.51) 14 (0.36) 5 (0.13) 0.69 0.31

Average 32 14 (0.44) 13 (0.40) 5 (0.16) 0.64 0.36

SDS (<200 m)

Elite 25 14 (0.56) 11 (0.44) 0 (0.0) 0.78 0.22

Average 23 9 (0.39) 10 (0.44) 4 (0.17) 0.61 0.39

MDS (400–1,500 m)

Elite 14 6 (0.43) 3 (0.21) 5 (0.36) 0.54 0.46

Average 9 5 (0.56) 3 (0.33) 1 (0.11) 0.72 0.28

Control group 100 39 (0.39) 45 (0.45) 16 (0.16) 0.62 0.38

Fig. 1 Allelic frequencies of stratiWed (SDS and MDS) elite and aver-
age swimmers groups and controls
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the relation of the ACE D allele with a better performance
in shorter and truly anaerobic swimming events (200 m and
less). As seen in Fig. 1, the allelic frequencies of elite SDS
are diVerent, when compared to elite MDS (P < 0.001). The
power of the performed test (� = 0.05) was 0.947, above the
desired power of 0.80. In fact, some studies have associated
the D allele with greater increased in left ventricular mass
(Fatini et al. 2000; Hernandez et al. 2003; Montgomery
et al. 1997; Kasikcioglu et al. 2004), higher VO2max

(Hagberg et al. 1998) and with diVerences in skeletal
muscle strength gain (Folland et al. 2000; Williams et al.
2005). Moreover, Zhang et al. (2003) showed linear trends
for decreases in type I Wbers and increases in type IIb Wbers
from ACE II to ID and to DD genotypes. We considered
that these are all possible mechanism for the association
between the ACE genotype and power-oriented athletic
performance. These eVects may be explained, as mentioned
before, by the association of the D allele with increased
angiotensin II, a growth factor (Liu et al. 1998), and
reduced bradykinin (Murphey et al. 2000), a growth inhibi-
tor (Linz and Scholkens 1992).

The I allele frequency value for the MDS elite group is
higher than the value obtained for the SDS elite group;
these results are consistent with Myerson et al. (1999)
results that found an increasing frequency of the I allele
with running distance (0.35, 0.53 and 0.62 for the 200,
400–3,000 and 5,000 m, respectively; P = 0.009). Tsianos
et al. (2004) also conWrmed this hypothesis among elite
open water swimmers competing at 1–10 km distances and
those best at 25 km races (P = 0.07). Nevertheless, in our
study, the diVerences observed are not signiWcant when
compared with controls (P = 0.316). As Cerit et al. (2006)
suggests that the threshold of eVectiveness for the signiW-
cant inXuence of I allele on endurance is located some-
where between 10 and 30 min. However, with regard to
swimming, this will only be recognized over far greater dis-
tances, as suggested also by other authors (Tsianos et al.
2004). These facts could explain our results as the best per-
formance times of the athletes included on elite MDS group
are between 4 and 16 min, for the 400 and 1,500 m events,
respectively. However, the power of the performed test
(0.158, � = 0.05) was below the desired power of 0.80.
Despite the sample being representative of elite swimmers
in Portugal, its data extrapolation, especially regarding the
longer distance swimmers (as with any such small samples)
should be treated with caution when viewed alone.

Additionally, by a priori hypothesis we had previously
identiWed no signiWcant diVerences in allelic frequencies
between 400 and 1,500 m specialists (P > 0.05, data not
shown). This result lead us to agree with Woods et al.
(2001) about the fact the relationship between D allele and
short time/distances tasks is distinct from that found
between I allele and enhanced endurance performance. The

diVerence between these relationships is likely to be related
to improved substrate delivery (Woods et al. 2000) and
muscle eYciency (Williams et al. 2000) with consequent
conservation of energy stores (Montgomery et al. 1999).

As seen in Fig. 1, allelic frequencies of stratiWed elite
and average swimmers groups are signiWcantly diVerent
(between elite SDS and average SDS, P = 0.014; between
elite MDS and average MDS, P = 0.013). The power of the
performed tests (� = 0.05) was below the desired power of
0.80 (0.695 and 0.707, respectively). Therefore, we should
interpret these results cautiously. Even so, one expects that
D allele frequency would be highest in average SDS when
compared to controls; this is not the case. Similarly, the
I allele frequency remains almost unchanged between
average MDS and controls. These results, consistent with
Nazarov et al. (2001), highlight the need for such genetic
studies to separate out elite from non-elite competitors, and
also to study a single sporting discipline over distance.

Like in several others studies (Taylor et al. 1999; Woods
et al. 2001; Nazarov et al. 2001) a gender separate analysis
was not our main focus. The numbers and proportion of
elite female swimmers were smaller than those for men (17
elite female swimmers vs. 22 elite male swimmers). More-
over, further event distance stratiWcation within each gen-
der will became insuYcient for gender-speciWc analysis.
Among the 22 elite male swimmers, 16 were SDS but only
6 were MDS; among the 17 elite female swimmers, 10
were SDS and 8 were MDS. In respect to the 16 average
male swimmers included in this study, 10 were SDS and 6
were MDS. Along with the 16 average female swimmers,
13 were SDS but only 3 were MDS. Given known compo-
nents of skeletal muscle tissue-based renin–angiotensin
system are markedly aVected by gender (Fischer et al.
2002), it would be quite accurate to proceed further investi-
gations recognizing this separate analysis. Indeed, this is an
important limitation of the present study that warrants con-
sideration.

In conclusion, our results seem to support an association
of the ACE D allele with elite short distance swimming sta-
tus. Likewise, the D allele frequencies decrease signiW-
cantly beyond the 200-m distance threshold. The elite
middle distance swimmers were no diVerent to controls for
allele frequency, as other authors previously suggested.
However, further studies with large samples of elite athletes
will be performed to reinforce the conWrmation of these
Wndings.
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