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Abstract
Introduction and aim of the study: We examined the association between the ACE insertion (I) / deletion (D); (I/D) 

genotype and endurance performance level in Mexican marathon runners. 
Materials and methods: DNA samples were obtained from 437 subjects (men n = 231; women n = 206) who had 

completed at least two 42 Km road races.  Cases; CAS (n = 199; men = 111; women = 88) were finishers in the top 3rd 
percentile, while controls; CON (n= 238; men = 142; women = 96) were those in the lowest 3rd percentile of their respective 
age and gender. The DNA sequence variation was detected by the tetra-primer ARMS-PCR procedure. Genotypes were 
determined by PCR product size. 

Results: The three expected ACE genotypes were observed in both groups (CON: DD = 27%, ID = 49%, II = 24%; and 
CAS: DD = 28 %, ID = 41%, II = 31%). These genotype frequencies were in Hardy-Weinberg equilibrium (Χ2, P>0.05) and 
were not significantly different between genders or groups (Χ2, P>0.05).  Allelic frequencies (CON; D = 0.51%, I = 0.49% and 
CAS; D = 0.49%, I = 0.51) were not significantly different between groups or genders (Χ2, P>0.05).  Comparing genotype 
frequencies by I or D allele carrier status revealed no statistically significant differences (Χ2, P>0.05).  

Conclusions:  We found no support for the hypothesis of an association between the ACE insertion/deletion polymor-
phism and endurance performance level in a homogeneous cohort of Mexican marathon runners
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Introduction
The association between the Angiotensin I Con-

verting Enzyme (ACE) genotype and endurance per-
formance (EP) is a matter of strong debate.  The ACE 
gene, 17q23, displays 26 exons along 21-kilobases [1, 
2].  The ACE gene’s most studied DNA sequence varia-
tion is an insertion (I)/deletion (D) polymorphism in 
intron 16 [3].  The I allele or D allele consist on the 
presence or absence of a 287 base pair (bp) Alu-se-
quence. The highest and lowest mean levels of serum 
ACE seems to occur in subjects homozygote’s for the 
D and I allele, respectively  [4].  

This protein is part of the renin-angiotensin sys-
tem, which is a homeostatic mechanism that regulates 
blood pressure and extra-cellular fluid volume [5, 6].  
ACE acts in the process of transforming Angiotensin I 
to Angiotensin II and in the inactivation of bradykinin 
and tachykinins [6]. Angiotensin is a vasoconstrictor 
while bradykinin and tachykinins are vasodilators. An-
giotensin also antagonizes glucose uptake in skeletal 
muscle [5]. The ACE genotype-dependent variation in 

ACE activity may influence EP mainly by altering cir-
culatory homeostasis and skeletal muscle metabolism 
[7-9].  Many studies [8, 10-14] have examined the asso-
ciation between the ACE I/D genotype and EP in vari-
ous ethnic groups.  Such efforts have led to conflicting 
results.  Several reports [8, 10, 11, 13, 14]  showed an 
association between ACE I/D polymorphism and EP 
phenotypes, while other studies did not [15-19].  To 
date, the association between the ACE gene 287 bp 
I/D polymorphism at intron-16 and EP level has not 
been investigated in a large cohort of healthy Hispanics 
endurance athletes.  The purpose of this study was to 
examine the allelic and genotypic frequency distribu-
tion of the ACE gene 287 bp I/D polymorphism at 
intron-16 and to explore its association with EP level 
in healthy Mexican marathon runners. 

Materials and methods
Subjects  

This investigation was a case-control study.  The 
subjects were ethnically matched, biologically unrelated 
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volunteers, who were recruited during marathon com-
petitions conducted between 2004 and 2008 in Mexico. 
The competitions included the Gran Maratón Paci-
fico, Mazatlán, México; the Guadalajara International 
Marathon, Guadalajara, México; and the Marathon of 
Culiacán, Culiacán, México.  In all instances, the study 
received the approval by the Medical Commissions from 
each of the competitions. Written informed consent was 
obtained from all subjects.  The physical characteristics 
of the cases and controls are presented in Table 1.

Since the ACE genotype distribution is influenced 
by ethnicity [20], the recruitment process included an 
interview to determine ethnic and geographic area of 
origin and place of residence. The interview also de-
termined history of participation in endurance events, 
medical history and use of medications. Any subject 
with a history of cardiovascular, respiratory, arthritis, 
metabolic disease or who took medications to control 
these diseases was excluded from the study.  Subjects 
were also excluded if they reported any incident that 
negatively affected their performance during the race 
(e.g., significant injury).  The subjects’ classification 
as cases or controls was based on the official results 
of the competitions.  

Cases  (n = 199; men = 111; women = 88) were adult 
Mexican marathon runners who finished in the top 3rd 
percentile of their respective age and gender group in 

at least one of the competitions. Controls (n = 238; men 
= 142; women = 96) were adult Mexican marathon 
runners who finished in the lowest 3rd percentile of 
their respective age and gender group.   

DNA Isolation 
Genomic DNA was purified from whole blood by 

means of the Promega Wizard Genomic DNA Purifi-
cation Kit (Promega Corporation, Madison, WI). The 
detailed procedures were described previously [21]. 

 
Genotype determination 

The ACEI/D polymorphism was genotyped ac-
cording to a procedure described previously [3].  The 
detection of the 287 bp I/D polymorphism was per-
formed by the tetra-primer Amplification Refractory 
Mutation System Polymerase Chain Reaction (ARMS-
PCR) procedure [22] using primers that span the I/D 
site and gave PCR products of 490 bp for the insertion 
allele and 190 bp for the deletion allele. Further pro-
cedures were described elsewhere [21]. All the work 
(DNA extraction, storage and management, as well as 
PCR and genotyping) was performed at the Exercise 
Physiology and Genetics Laboratory of the Depart-
ment of Physical Medicine, Rehabilitation and Sports 
Medicine at the School of Medicine of the University 
of Puerto Rico, San Juan.

Table 1.  Characteristics of 437 biologically unrelated Mexican marathon runners

Group Gender Age  
(years)

Height  
(cm)

Weight  
(kg)

Cases  
(N=199)

Men (n=111) 31 ± 9 178 ± 10 60 ± 13
Women (n=88) 29 ± 14 161 ± 12 52 ± 12

Controls  
(N=238)

Men (n=142) 37 ± 13 174 ± 7 64 ± 11
Women (n=96) 30 ± 11 158 ± 11 50 ± 10

Values are mean ± standard deviation

Figure 1. Migration of ACE insertion (I) and deletion (D) fragments in 1.5% agarose gel.  bp = base pair; M = 100 bp ladder marker; II = homozygote for 
Insertion allele; DD = homozygote for Deletion allele; ID = heterozygote.
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Statistical analysis
Statistical analyses were done using the Epi Info 

3.5.1 software package [23]. P values ≤0.05 were 
statistically significant. A Chi-square test was used 
to confirm that the observed genotype frequencies 
were in a Hardy-Weinberg equilibrium (HWE) and 
to compare the ACE ID allele and genotype frequen-
cies between athletes and controls, as well as between 
genders.  HWE describes a state in which genotype 
frequencies are constant from generation to generation 
and in which genotype frequencies are a product of 
allele frequencies. This condition prevails in situations 
in which there are an absence of mutations, migrations, 
non-random mating and environmental factors favor-
ing particular genotypes.

Results
Genotype frequencies.  The three expected ACE 

I/D genotypes were observed in both groups and 
genders.   In the cases and controls, these genotype 
frequencies, within each gender, were in HWE (χ2, 
P≥0.05) and were not significantly (χ2, P≥0.05) differ-
ent between genders (not shown).   Since there were no 
differences in the observed genotypic frequency dis-
tributions within genders, for both cases and controls, 
the data for both genders were pooled.  The pooled 
data in Table 2 showed no significant difference in the 
genotype prevalence distribution between the cases 
and controls (X2 = 3.37, df=2. P=0.19).   The genotype 
frequencies by I or D allele carrier status were not 
significantly different (Χ2, P>0.05; Table 3).  

Allelic frequencies. The observed allelic frequency 
distributions (Table 2) within the cases as well as 

controls revealed no gender differences (X2, P≥0.05).  
Chi square test on the gender pooled allelic frequency 
distribution (cases; D = 0.49%, I = 0.51; and controls; 
D = 0.51%, I = 0.49%) revealed no significant differ-
ences (X2 = 0.64, df = 1, P = 0.425) between cases and 
controls.

Discussion
We tested whether the ACE ID genotype was as-

sociated with EP levels in a homogeneous sample of 
437 Mexican marathon runners. Our findings showed 
no association between ACE I/D genotype as well as 
for the I or D allele carrier status.   As  in the present 
study, others [17] reported no gender differences in 
ACE I/D allelic frequencies.  Likewise, some reports 
[15, 16] indicated no differences between cases and 
controls for the ACE I/D allelic frequencies.  In those 
studies, no associations were found between the ACE 
I/D polymorphism and endurance athlete status or 
cardiorespiratory endurance performance. However, 
Myerson and co-workers [8]  reported an association 
between the incidence of I allele with elite endur-
ance performance, while Amir et al. [11] reported 
an elevated frequency of the D allele in Israeli elite 
marathon runners.

In our homogeneous cohort of Mexican marathon 
runners, we found no association between the ob-
served ACE genotypes (i.e., DD, ID, II) and marathon 
performance. The present findings are in agreement 
with many that found no association between the 
ACE genotype and EP [15-19].  This study challenges 
the findings of others that suggested that the ACE 
II genotype favors EP [7-9] and those that found a 

Table 3.  Prevalence of ACE genotype frequency by D  and I allele carrier status in biologically unrelated Mexican  marathon 
runners

Cases Controls

D Allele carriers 0.69 0.76

I Allele carriers 0.72 0.73

Table 2.  Absolute and relative (%) allele and genotype frequencies for the ACE I/D  polymorphism  for 437 biologically 
unrelated Mexican marathon runners

Genotypes* Alleles**
Group DD  

(%)
DI  
(%)

II  
(%)

D  
(%)

I  
(%)

Cases***  
(n=199)

56  
(0.28)

82   
(0.41)

61  
(0.31)

194  
(0.49)

204  
(0.51)

Controls**** 
(n=238)

64  
(0.27)

117  
(0.49)

57  
(0.24)

245  
(0.51)

231  
(0.49)

*X2 = 3.37, df=2. P=0.19; **X2= 0.64 df=1, P=0.42; 
***Hardy-Weinberg equilibrium (χ2, P≥0.08); 
****Hardy-Weinberg equilibrium (χ2, P≥0.70)
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higher frequency of the ACE DD genotype in athletes 
of endurance requiring sports [11, 12].

In conclusion, the present report did not support 
an association between the ACE I/D polymorphism 
and endurance performance level in a homogeneous 
sample of Mexican marathon runners.   Since ACE 
genotype distribution is influenced by ethnicity [20], 
it is not likely that our results were influenced by varia-
tions in ethnic origin. 
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