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Abstract: Background and Objectives: The insertion/deletion (I/D) polymorphism in ACE,
the gene encoding the angiotensin-converting enzyme (ACE), has been suggested as a
genetic variation that can influence exercise performance and risk of injury in elite ath-
letes. The I allele has been associated with enhanced endurance performance and with
reduced inflammation, while the D allele has been associated with improved performance
in strength and power activities. However, the role of this genetic variant in the incidence
of non-contact injury is underexplored. This study investigated the possible association of
ACE 1/D genotypes with the risk of non-contact injury in elite Moroccan athletes. Materials
and Methods: Forty-three elite male athletes (19 cyclists and 24 field hockey players) from
the Moroccan national team participated voluntarily. Non-contact injuries were recorded
for all athletes and classified according to the IOC consensus statement by the medical staff
of the teams. ACE I/D polymorphism genotyping was performed by polymerase chain
reaction (PCR) using genomic DNA from blood samples. Results: There were four cyclists
(21.05%) and eight field hockey players (33.33%) with a non-contact injury during the sea-
son. The distribution of the ACE I/D genotypes was similar in the athletes with vs. without
non-contact injury for cyclists (DD/ID/II 25.00/50.00/25.00% vs. 46.67/40.00/13.33% non-
injured, respectively; X? = 0.69, p = 0.70), field hockey players (DD/ID /11 50.00,/50.00/0.00%
vs. 50.00/43.75/6.25%; X2 = 0.54, p = 0.76) and for the whole group of athletes (DD/ID/II
41.67/50.00/8.33% vs. 48.39/41.94/9.68%; X? = 0.22, p = 0.89). In the whole group of
athletes, neither the dominant (DD + ID vs. Il = OR: 1.17, 95% CI: 0.15-16.56, p = 0.89) nor
the recessive (DD vs. ID + II = OR: 1.31, 95% CI: 1.314.89, p = 0.69) models showed an
increased risk of non-contact injury. Conclusions: The distribution of the ACE I/D genotypes
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was similar in elite cycling and field hockey athletes with or without non-contact injury
during the season. These results indicate that there is no significant association between
the ACE I/D polymorphism and the susceptibility to non-contact injury in these athletes.
Further research is warranted to validate these findings and to investigate their broader
implications for advancing knowledge in sports injury prevention and optimizing athlete
management strategies.

Keywords: angiotensin-converting enzyme; genotypes; endurance athletes; team sports
athletes; tissue damage; athletic performance

1. Introduction

The relentless accumulation of physical and physiological stress related to professional
sports, coupled with limited recovery intervals after training sessions or competitions,
predisposes athletes to non-contact injury, which is defined as tissue damage that occurs
without direct external trauma [1]. Non-contact injury is generally the result of a failure
of body tissues to resist the stress imposed by habitual locomotion and can be induced by
over-exertion that produces structural tissue damage [2,3]. Generally, non-contact injury
includes most types of body tissues, such as ligaments [4], bones [5], tendons [6], nerves [7]
and muscles [8], although muscle-type injury is the most common type of non-contact
injury in sport [9]. Overall, around 92% of non-contact muscle injuries affect the four main
muscle groups of the lower limbs, with the hamstrings being the most frequently affected
(37%), followed by the adductors (23%), quadriceps (19%) and calf muscles (13%) [1]. A
number of intrinsic and extrinsic factors can influence injury incidence and severity in
athletes, including performance level, training approach, recovery, diet and inter-individual
variability [10-12]. Previous studies have suggested that genetic factors may also be a
determining factor in susceptibility to non-contact injury [11,13,14].

Various genetic polymorphisms have been associated with an increased risk of non-
contact injury in elite athletes [15-18]. The insertion/deletion (I/D) polymorphism of the
ACE gene is an important genetic variant, as this gene encodes the angiotensin-converting
enzyme (ACE), a protein that mediates several process of muscle growth, blood flow regu-
lation and mechanical efficiency [19,20]. Specifically, ACE is a key enzymatic component of
the renin-angiotensin system (RAS), as it enables faster conversion of angiotensin I (Ang
I) to angiotensin II (Ang II). A higher ACE activity in bodily tissues, mainly in the blood
stream, promotes vasoconstriction [21,22]. Blood concentrations of ACE can be affected by
1/D polymorphisms of the ACE gene [23,24]. Individuals homozygous for the I allele (i.e.,
IT genotype) have reduced serum and tissue ACE activity and exhibit less vasoconstriction
with increased blood flow to muscles during mechanical work [25,26]. In contrast, carriers
of the D-allele polymorphisms (DD and ID genotypes) have higher levels of serum and tis-
sue ACE activities, resulting in greater vasoconstriction and a higher proportion of type 2X
fast muscle fibers [27]. The ACE gene has been identified as the most important candidate
gene for athletic performance, as the II genotype may be overrepresented in endurance ath-
letes, while the DD genotype is overrepresented in power-sports athletes [28]. These data
suggest that there may be benefits of possessing the II genotype for endurance performance
as a consequence of lower vasoconstriction and benefits of possessing the DD genotype for
power-based performance due to a higher proportion of fast-type muscle fibers.

Several investigations have reported an association of the ACE I/D polymorphism
with various exercise-related phenotypes; these correlations encompass disparities in the
distribution and composition of skeletal muscle fibers [27], as well as improvements in
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capillarization [29]. Additionally, this genetic variation may impact muscle metabolism [30],
muscle strength [31], muscle volume [32] and the ability to resist fatigue after exercise train-
ing [33]. Beyond the phenotypic effects of the ACE 1/D polymorphism, the influence of this
genetic variant on exercise performance could also be attributed to a higher susceptibility
to non-contact injuries [34]. According to Yamin et al. [35], there were differences in the
concentration of serum creatine kinase (CK, a marker of muscle damage) in individuals
with different ACE I/D genotypes after eccentric exercise. Specifically, DD individuals had
lower peak CK values than those with the II genotype after exercise. Additionally, reduced
CK concentrations were measured after triathlon [36] and marathon competitions [37] in
participants with the D allele. Consistent with this finding, endurance runners with the D
allele also had reduced inflammation and muscle injury after a marathon [38]. Collectively,
these findings suggest that the D allele may provide phenotypic advantages by enhancing
resistance to muscle strain during intense exercise, potentially reducing the susceptibility
to non-contact injuries, particularly muscle-related injuries, in athletes with DD and ID
genotypes. This hypothesis was recently confirmed in football players, where the DD and
ID genotypes were found to be underrepresented in players with muscle injuries compared
to those without muscle injuries [17]. However, this hypothesis has not been tested in
other populations of elite athletes. The aim of this study was to investigate the possible
association of the ACE I/D genotypes with the risk of non-contact injury in elite cyclists
and field hockey players. We hypothesized that athletes with the DD and ID genotypes
would be underrepresented in the group of athletes with non-contact injury relative to their
counterparts without injury, as they possess phenotypes that reduce their susceptibility
to injury.

2. Materials and Methods
2.1. Ethics Statement

This study was conducted following the principles of the Declaration of Helsinki
and approved by the Institutional Review Board of the Doctoral Center of Ibn Tofail
University (ethics code: 23-2020; approval date: 24 September 2020). A full description
of the processes involved, as well as possible risks and benefits related to this study, was
provided to all participants. Participants voluntarily signed an informed consent form
indicating their agreement to participate in the intervention. The procedures complied
with the International Federation of Sports Medicine consensus statement on genetic
information [39]. All athletes received an individual report with information about their
ACE genotype as compensation for their participation in this study (after completion of
the study).

2.2. Study Design and Participants

Forty-three Moroccan elite male athletes participated voluntarily in this study. Of
this sample, there were 19 cyclists representing the Moroccan national cycling team, of
which two athletes qualified for the Paris 2024 Olympic Games, six qualified for the 2023
World Championships and two already won the Tours of Africa. The remaining 24 athletes
were part of the Moroccan national field hockey team, which ranked sixth in Africa and
forty-ninth in the world according to the latest continental and international rankings.
All participants underwent anthropometric measurements under uniform conditions, and
4 mL blood samples were collected by trained nurses according to standard safety protocols.
An alphanumeric code was assigned to each tube of blood to ensure confidentiality. The
tubes were then stored at —80 °C for later analysis.
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2.3. Injury Collection

Data on the details of non-contact injury were obtained from all athletes prospectively.
Sports-related injuries were diagnosed, classified and recorded by the medical staff of the
Moroccan national cycling and field hockey federations using the classification system
developed by the medical commission of the International Olympic Committee (I0C) [40]
and its extension for cycling [41]. The IOC consensus statement on injury recording
provides standardized guidelines for recording and reporting injuries and illnesses in
sport. Key components include clear criteria for defining injuries and categorizing severity,
standardized forms to assess athlete exposure, mechanisms of injury and diagnostic details
and the use of internationally recognized systems (e.g., Orchard Sports Injury Classification
System) for consistent categorization of injury types and locations. Briefly, non-contact
injuries were recorded during the 2022 /2023 sports season for all athletes (September to
July for cycling and August to June for field hockey). We focused exclusively on non-
contact tissue injury that occurred during training sessions or competitions and that were
diagnosed by medical experts. Injuries caused due to collision with another cyclist/player
or with an object (either direct or indirect) were excluded from the investigation as they
were likely unrelated to the player’s genotype. The medical staff of the teams used an ad
hoc questionnaire developed by the research team to record each injury. This questionnaire
was completed following each non-contact injury during the sports season and was sent to
the researchers via email. The sample of this study was divided into two groups according
to the aims of this investigation: (a) injury group, related to all athletes that suffered at least
one non-contact tissue injury during the season, and (b) non-injury group, related to the
remaining athletes with no reports of non-contact injury over the season.

2.4. Genotyping

Genomic deoxyribonucleic acid (DNA) extraction was carried out from leukocyte
samples using a commercial kit (MagPurix Blood DNA Extraction Kit, New Taipei City,
Taiwan) following the manufacturer’s instructions. DNA concentrations were assessed by
a nanodrop test using a microspectrophotometer. Genotyping was determined by poly-
merase chain reaction (PCR) using a thermal cycler, including the VERITYTM instrument
from Applied Biosystems. The design of the primers and the experimental protocol have
already been described [42]: forward primer: 5-CTGGAGACCACTCCCATCCTTTCT-3
and reverse primer: 5-GATGTGG CCATCACATTCGTCAGAT-3'. The PCR protocol began
with an initial denaturation step at 98 °C for 120 s, followed by 30 cycles of amplification,
with each cycle including denaturation at 98 °C for 20 s, annealing at 58 °C for 60 s and
extension at 72 °C for 30 s. After the amplification cycles, a final extension step was per-
formed at 72 °C for a total of 180 s. The resulting PCR products were then electrophoresed
on a 1% agarose gel with a 1 kb molecular weight marker for easy visualization. PCR
genotyping of ACE I/D polymorphism was determined according to protocols described
previously by others [43]. The ACE 1/D polymorphism was based on the length of the
fragments resulting from amplification with the primers mentioned above. The I allele was
identified by the presence of a 490 base pair fragment, while the D allele was marked by
the presence of a 190 base pair fragment. Specifically, the I/1 genotype of the ACE gene
was determined by the presence of a single 490 base pair band, indicating a homozygous
insertion polymorphism. On the other hand, the I/D genotype is distinguished by the
presence of two bands, one at 490 base pairs and the other at 190 base pairs. This pattern
indicates a heterozygous state, i.e., the presence of insertion and deletion polymorphisms.
Finally, the D/D genotype was recognized by a single band of 190 base pairs, indicating a
homozygous deletion polymorphism. The laboratory provided genotypic identifications
for each alphanumeric code or sample. The researchers were then able to correlate this
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anonymized genetic information with the respective athletes. This approach was used to
protect the confidentiality and privacy of the athletes, ensuring that their identity was not
disclosed throughout the genotyping process.

2.5. Statistical Analysis

A chi-squared (x?) test was used to assess whether the samples conformed to the geno-
typic frequencies of the Hardy—-Weinberg equilibrium (HWE). This assessment consisted
in comparing the observed genotype frequencies within each group with the expected
genotype frequencies based on the principles of Hardy—Weinberg equilibrium. To analyze
categorical variables and compare the genotype frequencies across all groups, chi-squared
(x?) and Fisher’s exact tests were used. Furthermore, for comparisons between injury and
non-injury groups in terms of genotypes (DD, ID and II) in the cycling, field hockey and all
athletes’ groups, x> was used. Additionally, when the expected cell number was low, we
used Fisher’s exact test, which is more suitable for handling low-frequency data. For the
dominant (DD + ID vs. II) and recessive (DD vs. ID + II) models in the injury and non-injury
groups, we used x tests and calculated odds ratios (ORs) with 95% confidence intervals
(CIs) to determine the influence of these models to the susceptibility of non-contact injury.
Concerning continuous variables (anthropometric data), visual inspection (QQ-Plots) and
the D’Agostino—Pearson test were used to assess normality. For comparison between
groups of anthropometric data, we used one-way analysis of variance (ANOVA) when the
data had a normal distribution and the Kruskal-Wallis test when the data did not follow
a normal distribution. Data are presented as means and standard deviations (SDs) for
normally distributed data and medians and interquartile ranges (IQRs, Q1-Q3) for data
that were not normally distributed. The statistical significance threshold was set at p < 0.05
for all analyses. Statistical analysis was performed using GraphPad Prism 9.2.0 (GraphPad
Software Inc., San Diego, CA, USA).

3. Results

From the total sample of 43 participating athletes, 12 athletes suffered a non-contact
injury over the season (injury group; 4 cyclists and 8 field hockey players), while the
remaining 31 athletes had no non-contact injuries (non-injury group; 15 cyclists and 16 field
hockey players). There were significant differences in the anthropometric measurements
between the injury and non-injury groups (p > 0.05; Table 1).

Table 1. Age and anthropometric variables of an elite group of Moroccan athletes with a non-contact
injury during the 2022-2023 season and their counterparts with no injuries during the same season.

All Athletes Injury No Injury p-Value
Age (yr) 20 (18-23) 21.83 £ 3.86 20 (18-23) 0.80
Weight (kg) 64.30 £+ 6.23 65.83 £+ 4.59 64 (60-67) 0.22
Height (m) 1.77 £ 0.05 1.78 +0.04 1.76 + 0.05 0.65
BMI (kg/mz) 20.64 £ 1.93 20.87 £1.43 20.55 £2.11 0.89

BMI = body mass index.

There was a 100% success rate of genotype determination, and the distribution of
ACE genotypes in all athletes did not deviate significantly from HWE (p = 0.98). The
distribution of ACE I/D genotypes in the injury and non-injury groups was the following:
in cyclists, the ACE genotype as DD/ID/II was 25.0/50.0/25.0% in the injury group and
46.7/40.0/13.3% in the non-injury group (Figure 1); in field hockey players, the ACE
genotype as DD/ID/II was 50.0/50.0/0.0% in the injury group and 50.0/43.8/6.2% in the
non-injury group (Figure 2).
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Figure 1. Genotype frequencies of ACE I/D polymorphisms in cyclists with non-contact injury during
the 2022-2023 season and counterparts with no injuries during the same season.
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Figure 2. Genotype frequencies of ACE I/D polymorphisms in field hockey players with non-contact
injuries during the 2022-2023 season and counterparts with no injuries during the same season.

Finally, related to the frequency of ACE genotypes in the whole group of athletes, the
ACE genotype (as DD/ID/II) was 41.7/50.0/9.7% in the injury group and 48.4/41.9/9.7%
in the non-injury group (Figure 3).

There were no significant differences in the distribution of the ACE genotypes between
the injury and non-injury groups for cyclists (x*> = 0.69, p = 0.70), field hockey players
(x? =0.54, p =0.76) and all athletes (x? =022, p = 0.89). Furthermore, the dominant model
of the ACE I/D polymorphism (DD + ID vs. II) did not indicate a higher risk of non-contact
injury in cyclists (OR: 0.46, CI 95%: 0.04-8.74, p = 0.57), field hockey players (OR: infinity,
95% CI: 0.05-infinity, p = 0.47) and the whole group of athletes (OR: 1.17, 95% CI: 0.15-16.56,
p = 0.89). Similarly, the recessive model (DD vs. ID + II) did not indicate any effect on the
risk of non-contact injury in cyclists (OR: 2.62, 95% CI: 0.30-38.34, p = 0.43), field hockey
players (OR: 1.00, 95% CI: 0.21-4.71, p > 0.999) and the whole group of athletes (OR: 1.31,
95% CI: 1.31-4.89, p = 0.69; Table 2).
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Figure 3. Genotype frequencies of ACE I/D polymorphisms in all athletes with non-contact injury
during the 2022-2023 season and counterparts with injuries during the same season.

Table 2. ACE I/D genotypes in elite Moroccan athletes (cyclists and field hockey players) with non-
contact injury during the 2022-2023 season and counterparts with no injuries during the same season.

Recessive (DD vs.

N (%) Dominant (DD + ID vs. II) ID +1D)
Groups Genotype Inju l\{on- x> df -Value OR [95% CI] -Value OR[95% CI] -Value
p yp jury Injury p p p
DD 1 7
. (25.00%)  (46.67%) 2.62
Cyclists o ’ 6 069 2 0.7 0.46 [0.04-8.74] 0.57 [0.30-38.34] 0.43
(50.00%)  (40.00%)
II 1 2
(25.00%)  (13.33%)
. 4 8
Field DD ..
(50.00%)  (50.00%) Infinity 1.00
h&‘:i‘z D 4 7 054 2 076 [0.05-infinity] 0.47 [021-471 099
pay (50.00%)  (43.75%)
II 0(0%) 1(6.25%)
DD 5 15
All (41.67%)  (48.39%) ~ 1.31
athletes o 6 13 022 2 0.89 1.17 [0.15-16.56] 0.89 [1.31.4.89] 0.69
(50.00%)  (41.94%)
II 1(8.33%) 3 (9.68%)

df: degree of freedom.

4. Discussion

The goal of our study was to investigate the potential link between ACE I/D polymor-

phisms and the occurrence of non-contact injury in elite Moroccan cyclists and field hockey
player. We performed this analysis based on previous investigations suggesting that the
genetic pool in general [44], and specifically the I/D polymorphism of the ACE gene [17],
may affect the risk of non-contact injury in elite athletes. Previous investigations reported
differential phenotypes associated with the ACE I/D genotypes that could support the
physiological mechanism(s) for increased risk of injury in II athletes with respect to those
carrying the D allele (DD and ID) [25-27,31-38]. Specifically, individuals with II genotypes
have reduced serum and tissue ACE [25,26] which contributes to a lower proportion of
fast-type muscle fibers [27], lower muscle strength [31] and muscle volume [32] and higher
levels of muscle damage and inflammation after several kinds of exercise [35] than D-allele
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carriers. However, our results do not confirm this hypothesis in cyclists and hockey players,
as there were no differences in the distribution of ACE 1/D genotypes between athletes that
suffered a non-contact injury and those without injury over the same competitive season.
Interestingly, the lack of differences in the distribution of the ACE 1I/D genotypes was also
present for the whole group of athletes and for the subgroups of cyclists and field hockey
players, suggesting that there is a lack of influence of this gene on the risk of injury either
in endurance or team sports. Lastly, the dominant (DD + ID vs. II) and recessive (DD vs.
ID + II) models of the ACE 1/D polymorphism did not modify the risk of injury in this
group of athletes. Collectively, these results indicate no significant association between ACE
I/D polymorphisms and susceptibility to non-contact injury in a sample of elite Moroccan
cycling and field hockey athletes.

Other studies also reported no association between the ACE 1/D polymorphism and
the incidence of non-contact injury in elite endurance football players [45], elite endurance
athletes [46] and rugby players [47]. In contrast, a study by Massida et al. [17] reported
an association between the D allele of the ACE 1/D polymorphism and the prevalence of
non-contact injury. Specifically, in their study of a Japanese cohort of professional football
players, they found that players with the D allele had an odds ratio of 0.48 to suffer a
non-contact injury compared to those with the II genotype, suggesting a protective effect of
the D allele. The same study validated their findings with a meta-analysis of data collected
from an Italian cohort of professional football players. This meta-analysis indicated that
the frequency of the D allele was lower in the group of injured players than in the group
of non-injured players, so that possessing the D allele reduced the risk of muscle injury
by 31% [17]. The protective role of the D allele against injury has been also confirmed in
Brazilian professional football players [48]. Based on the available studies, it is difficult
to determine whether the ACE I/D polymorphism influences the risk of suffering a non-
contact injury, as different outcomes have been used in studies investigating the same type
of injury (non-contact injury) in athletes at the same level (international/elite /professional)
and sports (endurance and team sports).

Individuals with the ACE D allele have an increased production of angiotensin II
and a reduced half-life of bradykinin [17]. Angiotensin II and bradykinin are involved in
inflammation due to tissue damage [34], implying that protection against tissue damage
may be associated with higher levels of ACE activity [43], which is characteristic of D-allele
individuals. Despite the evidence supporting a potential protective role of the D allele in
the ACE gene (II genotype), our investigation did not find an effect of this genotype in elite
cyclists and field hockey players. It is likely that the greater potential risk of injury due to
genetic factors may be compensated by other modifiable factors such as the management
of training and competition load to avoid excessive fatigue, stretching exercise to assure
correct range of motion and the maintenance of appropriate nutrition guidelines [49,50].
Consequently, understanding the potential effects of the ACE 1/D polymorphism and
other genetic biomarkers, in conjunction with training, nutrition and environmental factors,
could help optimize injury prevention strategies in elite athletes.

5. Limitations

Although our study is the first to examine the association between the ACE gene and
the risk of non-contact injury in elite cycling and field hockey athletes, it is not without
limitations. In fact, our analysis did not take into account the volume and intensity of
training, competitions, diet habits or environmental conditions, which may have provided
a better understanding of the link between external load over the season, the development
of non-contact injury and the potential genetic predisposition. In addition, the number
of athletes participating in this study was relatively limited (n = 43), which may reduce
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the statistical power. Furthermore, our study focused exclusively on elite male athletes,
and it is possible that the effect of the variants in the ACE gene on non-contact injury
risk differs in female athletes or in male athletes of a lower performance level. Thus, this
analysis should be considered a pilot study. Further studies that combine assessment of
injury risk in athletes with the assessment of ACE genotypes in combination with other
polymorphisms such as the R577X variant of the ACTN3 gene would be useful, as the
potential protective effect of the ACE D allele on the risk of non-contact injury may need
the presence of the ACTN3 R allele [48]. Additionally, our study focused on a single
polymorphism; however, it is important to recognize that tissue damage during training
and competition is a multifactorial phenomenon, and its origins may involve various genes,
polymorphisms, environmental factors and their complex interactions [51-53].

6. Conclusions

In summary, our results indicate no significant difference in the frequencies of geno-
types (DD, ID and II) of the ACE I/D polymorphism between elite Moroccan cycling and
field hockey athletes who sustained non-contact injuries and those without any non-contact
injuries during the same season. This is contrary to our initial hypothesis, as we hypoth-
esized that athletes with the DD and ID genotypes would be underrepresented in the
group of athletes with non-contact injury. Collectively, our study reports no association
between the ACE I/D polymorphism and susceptibility to non-contact injury in elite cy-
cling and field hockey athletes. As a practical application, the data of this study suggest
that genetic profiling based on the ACE 1/D polymorphism may not be a reliable tool
for predicting non-contact injury risk in elite cycling and field hockey athletes. Instead,
coaches and sports medicine professionals should focus on modifiable risk factors, such
as biomechanics, training load, recovery protocols and muscle conditioning, to prevent
non-contact injuries.
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