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Abstract: Previous studies have shown that variations in the CD36 gene may affect phenotypes
associated with fat metabolism as the CD36 protein facilitates the transport of fatty acids to the
mitochondria for oxidation. However, no previous study has tested whether variations in the CD36

gene are associated with sports performance. We investigated the genotypic and allelic distribution
of the single-nucleotide polymorphism (SNP) rs1761667 in the CD36 gene in elite Moroccan athletes
(cyclists and hockey players) in comparison with healthy non-athletes of the same ethnic origin. Forty-
three Moroccan elite male athletes (nineteen cyclists and twenty-four field hockey players) belonging
to the national teams of their respective sports (athlete group) were compared to twenty-eight healthy,
active, male university students (control group). Genotyping of the CD36 rs1761667 (G>A) SNP
was performed via polymerase chain reaction (PCR) and Sanger sequencing. A chi-square (χ2) test
was used to assess the Hardy–Weinberg equilibrium (HWE) and to compare allele and genotype
frequencies in the “athlete” and “control” groups. The genotypic distribution of the CD36 rs1761667
polymorphism was similar in elite athletes (AA: 23.81, AG: 59.52, and GG: 16.67%) and controls (AA:
19.23, AG: 69.23, and GG: 11.54%; χ2 = 0.67, p = 0.71). However, the genotypic distribution of the
CD36 rs1761667 polymorphism was different between cyclists (AA: 0.00, AG: 72.22, and GG: 27.78%)
and hockey players (AA: 41.67, AG: 50.00, and GG: 8.33%; χ2 = 10.69, p = 0.004). Specifically, the
frequency of the AA genotype was significantly lower in cyclists than in hockey players (p = 0.02).
In terms of allele frequency, a significant difference was found between cyclists versus field hockey
players (χ2 = 7.72, p = 0.005). Additionally, there was a predominance of the recessive model in cyclists
over field hockey players (OR: 0.00, 95% CI: 0.00–0.35, p = 0.002). Our study shows a significant
difference between cyclists and field hockey players in terms of the genotypic and allelic frequency
of the SNP rs1761667 of the CD36 gene. This divergence suggests a probable association between
genetic variations in the CD36 gene and the type of sport in elite Moroccan athletes.

Keywords: cluster of differentiation 36; genetics; endurance athletes; team sports; athletic
performance; exercise training

Genes 2024, 15, 419. https://doi.org/10.3390/genes15040419 https://www.mdpi.com/journal/genes



Genes 2024, 15, 419 2 of 12

1. Introduction

Athletic performance is a multifaceted outcome influenced by the complex interaction
of an athlete’s intrinsic and extrinsic factors. These include anthropometric parameters,
physical and physiological capacities, the body’s adaptive response to training, nutritional
considerations, psychological resilience, recovery capacity, susceptibility to injury, and
the influence of environmental factors [1]. Furthermore, genetics can play a key role
in determining an athlete’s level of performance [2]; genetic predisposition can make a
significant contribution to an athlete’s abilities, influencing aspects such as muscle com-
position, oxygen transport capacity, and other physiological traits that have an impact
on sporting success [3,4]. Previous research has identified a multitude of genes and poly-
morphisms, numbering over 250, which could potentially influence specific aspects of
athletic performance [5]. These genetic factors may contribute to athletes’ inherent physio-
logical capacities, shape their responses to physical training, and have an impact on their
susceptibility to injury [5].

During exercise of low-to-moderate intensity, the main source of energy for skeletal
muscle, particularly for type 1/oxidative fibers, comes from the oxidation of long-chain
fatty acids (LCFAs) within the mitochondria [6]. However, the rate of oxidation of fatty
acids during exercise is influenced by different variables: (i) the intensity and duration
of physical effort; (ii) aerobic fitness; (iii) metabolic capacity; and (iv) the protein content
necessary for the transport of fatty acids [6,7]. The capacity to oxidize high quantities of
fatty acids can be attributed to mitochondrial adaptations to develop metabolic pathways
to use fat as a fuel, as well as to mitochondrial density in the muscles concerned [8,9].
Previously, it was shown that mitochondrial density and maximal fat oxidation are greater
in endurance athletes than in non-athletes [10]. These findings suggest that mitochondrial
density and maximal fat oxidation may be associated with endurance athletes’ status and
can influence athletic performance. In elite runners, the rate of fat oxidation is three times
higher than in controls [11]. Additionally, and during high-intensity intermittent training
(HIIT), fat oxidation can be up to 17 times greater in athletes than in untrained subjects,
while carbohydrate oxidation may remain unchanged in both groups [12]. Interestingly,
the passage of fatty acids across the plasma membrane is facilitated by various transport
proteins [13].

Among these proteins is the cluster of differentiation 36 (CD36), an 88 kDa multifaceted
glycoprotein encoded by the CD36 gene. CD36 acts as the main transporter of long-chain
fatty acids (LCFAs), facilitating their transport from adipose tissue to skeletal muscle cells
and mitochondria [14–16]. CD36 is found in various tissues, including adipose tissue, blood
cells, endothelium, heart, liver, and skeletal muscle [17,18]. Furthermore, CD36 is located
on the external mitochondrial membrane and is involved in the activation, regulation, and
transport of fatty acids [19]. During endurance exercise of low-to-moderate intensity, CD36
has been shown to play an essential role in lipolysis and the transport of fatty acids to the
mitochondria for oxidation [6,20,21]. Additionally, a correlation has been observed between
lipid oxidation during exercise and CD36 content [22,23] and between CD36 abundance
and changes in maximal fat oxidation induced with training [24]. An improvement in
muscle CD36 content and mitochondrial respiratory capacity was demonstrated by Warren
et al. [25] after 8 to 16 weeks of endurance training. Furthermore, during acute endurance
exercise, a gradual increase (30–60%) in CD36 protein content in mitochondria has been
noted [26]. This increase was correlated with increased transport and the subsequent
oxidation of LCFAs in skeletal muscle [26]. An improvement in mitochondrial content of
CD36 has been also observed after seven sessions of HIIT [27]. This improvement was
directly related to an increased ability to oxidize fat during HIIT sessions. However, in
both active and inactive women, no significant increase in fat oxidation has been detected
after HIIT [28,29]. Conversely, CD36 deficiency reduces aerobic exercise capacity due to
decreased muscle uptake of fatty acids [16,30].

The CD36 gene is located on chromosome 7—more precisely, on the long arm of band
11.2 (7q11.21) [31]—and it is composed of 15 exons coding for a single chain of 472 amino
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acids [32,33]. As a highly polymorphic gene, it contains several nucleotide variants in or out
of the coding regions, which may decrease CD36 expression level, change the extracellular
ligand-binding domain, or even cause CD36 deficiency [34]. To this end, several studies
have examined the association of the CD36 gene with various metabolic pathologies. CD36
deficiency has been shown to impair the myocardial uptake of LCFAs in humans [35].
Additionally, Tanaka et al. [36] suggested a potential link between CD36 deficiency and
the development of hypertrophic cardiomyopathy. Clinical studies of CD36-deficient
individuals indicate that its absence is associated with various metabolic abnormalities,
including hyperlipidemia and insulin resistance [37,38]. Moreover, CD36 polymorphisms
have been associated with abnormal blood lipid levels [39], increased risk of coronary
heart disease in diabetics [40], and increased risk of metabolic syndrome [41]. Among the
variants of the CD36 gene, there is a single-nucleotide polymorphism (SNP) known as
rs1761667 that involves an A/G substitution [42]. This SNP gives rise to three possible
genotypes (AA, AG, and GG) and associated phenotypes [42]. Specifically, individuals
with the AA genotype of the CD36 rs1761667 polymorphism have elevated levels of serum
triglycerides and total cholesterol [42]. In addition, individuals carrying the A allele may
undergo changes in lipid metabolism, which increase the risk of pathologies associated
with atherosclerosis [43]. Subjects with the AA genotype of the rs1761667 polymorphism in
the CD36 gene have reduced expression of the functional CD36 protein. This decreased
expression reduces the protein’s ability to absorb cholesterol efficiently, thus impairing its
normal physiological function in cholesterol reuptake [44].

To the authors’ knowledge, no previous investigation has examined the potential
association between CD36 gene variations and elite athlete status, although this protein
may be key for exercise performance phenotypes associated with fat oxidation (i.e., mainly
for endurance athletes). For this reason, the main objective of this study was to study the
genotypic and allelic distribution of SNP rs1761667 of the CD36 gene in Moroccan elite
athletes (road cyclists and field hockey players) and compare them with healthy non-athletic
subjects. We selected these samples of athletes because road cyclists rely essentially on their
aerobic metabolism to cover their energy needs, which are influenced by the intensity of the
effort—generally low to moderate—and by the distance travelled (and cycling performance
is intrinsically associated with aerobic variables such as maximal oxygen uptake and
velocity at lactate threshold) [45,46]. On the other hand, although hockey players also rely
on their aerobic energy system to meet the demands of the duration of the match [47], this
is a high-intensity and intermittent team sport characterized by sudden sprints and bursts
of intense action, which also leads to the activation of the anaerobic metabolism (most
actions associated with success in field hockey are performed at high intensity) [47,48].
Overall, based on previous studies linking the AA genotype of CD36 to certain pathologies,
we hypothesized that the AA genotype will likely be less prevalent in athletes than in
controls. Additionally, we hypothesized that the under-representation of the AA genotype
would be more visible between athletes of an endurance sport (i.e., cycling, in which fat
oxidation plays an important role) than in athletes of a high-intensity and intermittent sport
(i.e., field hockey).

2. Materials and Methods

2.1. Participants

In this study, 43 elite Moroccan male athletes were recruited through contact with
national sports federations. Among them, 19 participants were part of the national cycling
team, including 2 cyclists who qualified for the 2024 Paris Olympic Games, 6 cyclists
participating in the 2023 World Championships, and 2 cyclists who had triumphed in the
Tour of Africa. The remaining 24 athletes belonged to the Moroccan national field hockey
team, ranked 6th in Africa and 49th globally. We compared these athletes to a control group
of 28 healthy male university students. These individuals were randomly selected from
a larger group of students (totaling 69) at Ibn Tofail University in Kenitra, Morocco. All
71 participants underwent uniform anthropometric measurements and provided blood
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samples (4 mL), confidentially stored at −80 ◦C in the molecular biology laboratory of the
University Hospital Center (CHU) in Fez, Morocco. This research has received the approval
of the Research Ethics Committee of the Doctoral Center of Ibn Tofail University. This study
strictly adhered to established protocols for biomedical research involving human subjects.
All details regarding the procedures, potential benefits, and associated risks inherent in the
study were carefully conveyed to all participants. The volunteers were properly informed
of the importance of the study and voluntarily gave their written consent to participate in
the experiment. The implementation of the procedures strictly followed the guidelines set
out in the International Federation of Sports Medicine Consensus Statement on Genetic
Information [49].

2.2. Genotyping

Genomic deoxyribonucleic acid (DNA) was extracted from leukocyte samples us-
ing a commercially available kit (MagPurix Blood DNA Extraction Kit) according to the
manufacturer’s instructions. To determine DNA concentration, a nanodrop assessment
was performed using a microspectrophotometer. Polymerase chain reaction (PCR) was
performed to amplify the CD36 SNP rs1761667 (G>A) using an Applied Biosystems ther-
mal cycler (VERITYTM). The primers used have already been described [50], namely,
forward primer: 5′-CAAAATCACAATCTATTCAAGACCA-3′; and reverse primer: 5′-
TTTTGGGAGAAATTCTGAAGAG-3′. The PCR procedure included an initial denaturation
step at 94 ◦C for 5 min. This was followed by 30 amplification cycles, each consisting of
denaturation at 94 ◦C for 30 s, annealing at 55 ◦C for 30 s, and extension at 72 ◦C for 30 s.
A final extension step was carried out at 72 ◦C for 4 min. Additionally, PCR products
were evaluated on a 2% agarose gel, accompanied by a size marker for molecular weight
reference. Electrophoresis facilitated the separation of DNA fragments based on their
size. Visualization under UV light, aided by ethidium bromide intercalation, provided
information on the quality, quantity, and size distribution of the amplicons. Following the
PCR technique, we performed enzymatic purification using ExoSAP-IT™ cleanup reagent
(Thermo Fisher, Waltham, MA, USA) to remove and neutralize any remaining PCR residues.
The DNA amplified was sequenced using the BigDye® Terminator v. 3.1 Cycle Sequencing
Kit by Applied Biosystems (Waltham, MA, USA). Finally, the sequences obtained were
examined using Sequencing Analysis software, version 3.4.

2.3. Statistical Analysis

The conformity of genotype frequencies to Hardy–Weinberg equilibrium (HWE) was
examined with the chi-square (χ2) test. This assessment involved a comparison between the
observed genotype frequencies within each group and the expected genotype frequencies
derived from the principles of HWE. For the categorical variables, the χ2 test was used to
compare genotype and allele frequencies across all groups, including adjusted standardized
residuals. Furthermore, and regarding the dominant (AA+AG vs. GG) and recessive (AA
vs. AG+GG) models of the CD36 rs1761667 polymorphism, in cyclists, field hockey players,
all athletes, and controls groups, we also performed the χ2 test and calculated odds ratios
(OR) with 95% confidence intervals (CI). The normality of continuous variables, particularly
those associated with anthropometric data, was assessed via visual inspection using QQ-
plots and via statistical analysis based on the D’Agostino–Pearson test. To assess the
comparison between groups with respect to anthropometric data, one-way analysis of
variance (ANOVA) was used when data were normally distributed. In cases where the
data did not follow a normal distribution, Kruskal–Wallis’s test was applied. When a
significant difference was detected between groups, post hoc multiple comparisons were
performed. Specifically, Tukey’s test was used for parametric data, while Dunn’s test
was used for nonparametric data. Consequently, the data were presented as means and
standard deviations (SD) for parametric data and as medians and interquartile ranges (IQR,
Q1–Q3) for non-parametric data. Finally, the threshold of statistical significance for all
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analyses was set at p < 0.050. Statistical analyses were carried out using GraphPad Prism
9.2.0, a software package supplied by GraphPad Software Inc. in San Diego, CA, USA.

3. Results

The anthropometric characteristics of all athletes and controls are shown in Table 1.
Statistical analyses revealed significant differences in anthropometric data between groups,
including age (controls vs. all athletes: p = 0.005; controls vs. cyclists: p < 0.0001; cyclists vs.
field hockey: p < 0.001), body mass index (BMI) (controls vs. all athletes: p < 0.001; controls
vs. cyclists: p = 0.003; controls vs. field hockey: p = 0.004), and body weight (controls vs.
all athletes: p = 0.040). Nevertheless, all anthropometric data, except for age, exhibited
similarities between cyclists and field hockey players.

Table 1. Anthropometric data of elite Moroccan athletes of individual (cycling) and team (field
hockey) sports vs. a control group of non-athletes.

Cyclists
Field Hockey

Players
All Athletes Controls p-Value

Controls vs.
All Athletes

Cyclists vs.
Field Hockey

Players

Age (year) 23.58 ± 3.76 18.5 (18–20.75) 20 (18–23) 18.71 ± 0.76 <0.0001 0.005 <0.001
Weight (kg) 64.37 ± 4.90 64.25 ± 7.22 64.30 ± 6.23 72 (62–80.50) 0.03 0.04 >0.999
Height (m) 1.77 ± 0.05 1.76 ± 0.05 1.77 ± 0.05 1.76 ± 0.08 0.78 0.96 0.81

BMI (kg/m2) 20.50 ± 1.90 20.75 ± 2.00 20.64 ± 1.93 23.04 ± 3.43 <0.001 <0.001 0.98

Values are presented as means and standard deviations (SD, normally distributed variables) or medians and
interquartile ranges (IQR, not normally distributed variables). BMI: body mass index.

The identification of the CD36 SNP rs1761667 (G>A) was possible in all DNA sam-
ples (Figure 1) except for three samples. These samples pertained to one cyclist and
two participants from the control group. The distribution of CD36 genotypes did not differ
significantly from HWE in any group. The distribution of genotypes and alleles for the
CD36 rs1761667 polymorphism is shown in Table 2. Interestingly, among the cyclists, the
AG genotype was the most prevalent genotype (72.22%), while none of the cyclists had the
AA genotype. Consequently, the frequency of the A allele (36.11%) was lower than that of
the G allele (63.89%) in the group of cyclists. In field hockey players, the AG genotype was
also the most prevalent (AG: 50% > GG: 41.67% > AA: 8.33%), but in this case, the frequency
of the A allele (66.67%) was higher when compared to the G allele (33.33%) (which is the
opposite for cyclists). Concerning the all-athlete group, we noted marked predominance of
the AG genotype compared to the AA and GG genotypes (AG: 59.52% > AA: 23.81% > GG:
16.67%). Additionally, the frequency of the A allele (53.57%) was slightly higher than that
of the G allele (46.43%). Finally, in the control group, the AG genotype was also superior to
the AA and GG genotypes (AG: 69.23% > AA: 19.23% > GG: 11.54%), and the frequency of
the A allele (53.85%) was a little higher than that of the G allele (46.15%).

Regarding the comparison of CD36 genotypes between groups (Table 3), our analysis
did not reveal statistically significant differences in the following comparisons: (i) controls
vs. all athletes (χ2 = 0.67, p = 0.71); (ii) controls vs. cyclists (χ2 = 5.01, p = 0.08); and (iii)
controls vs. field hockey players (χ2 = 2.99, p = 0.22). On the other hand, a significant
difference was observed between cyclists and field hockey (χ2 = 10.69, p = 0.004). Specif-
ically, the frequency of the AA genotype was significantly lower among cyclists than in
hockey players (p = 0.02), with no differences between athletes in the other two genotypes.
Furthermore, and in terms of allele frequency comparison (Table 4), a significant difference
was found when comparing cyclists vs. field hockey (χ2 = 7.72, p = 0.005). Conversely,
our analysis showed no significant differences in the comparison between controls and all
athletes (χ2 = 0.00, p = 0.97), controls and cyclists (χ2 = 2.69, p = 0.10), and controls and field
hockey athletes (χ2 = 1.70, p = 0.19).
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Figure 1. Fluorogram of the rs1761667 polymorphism from CD36 gene sequencing: (A) homozygous
for the A allele (AA); (B) heterozygous (AG); (C) homozygous for the G allele (GG). The arrows indi-
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Table 2. Genotypic and allelic frequencies of the CD36 rs1761667 polymorphism in elite Moroccan
athletes of individual (cycling) and team (field hockey) sports versus a control group of non-athletes.

Variables Cyclists Field Hockey Players All Athletes Controls

Sample size 18 24 42 26

Genotype distribution, n (%)
AA 0 (0.00%) 10 (41.67%) 10 (23.81%) 5 (19.23%)
AG 13 (72.22%) 12 (50.00%) 25 (59.52%) 18 (69.23%)
GG 5 (27.78%) 2 (8.33%) 7 (16.67%) 3 (11.54%)

Allele distribution, n (%)
A 13 (36.11%) 32 (66.67%) 45 (53.57%) 28 (53.85%)
G 23 (63.89%) 16 (33.33%) 39 (46.43%) 24 (46.15%)

HWE p-value 0.06 0.83 0.44 0.13

HWE: Hardy–Weinberg equilibrium.

Table 3. Comparison of the genotypic distribution of the CD36 rs1761667 polymorphism (AA vs. GA
vs. GG) in elite Moroccan athletes of individual (cycling) and team (field hockey) sports versus a
control group of non-athletes.

Groups χ
2 df p-Value

Controls vs. All athletes 0.67 2 0.71
Controls vs. Cyclists 5.01 2 0.08

Controls vs. Field hockey players 2.99 2 0.22
Cyclists vs. Field hockey players 10.69 2 0.004

df: Degrees of freedom.

Table 4. Comparison of the CD36 rs1761667 polymorphism alleles (G vs. A) in elite Moroccan athletes
of individual (cycling) and team (field hockey) sports versus a control group of non-athletes.

Groups χ
2 df p-Value

Controls vs. All athletes 0.00 1 0.97
Controls vs. Cyclists 2.69 1 0.10

Controls vs. Field hockey players 1.70 1 0.19
Cyclists vs. Field hockey players 7.72 1 0.005

df: Degrees of freedom.
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In the final analysis, for the dominant model (AA+AG vs. GG) of CD36 rs1761667
polymorphism (Table 5), no significant difference was shown in the following comparisons:
(i) controls vs. all athletes (OR: 0.65, 95% CI: 0.17–2.84, p = 0.73); (ii) controls vs. cyclists
(OR: 0.33, 95% CI: 0.08–1.70, p = 0.24); (iii) controls vs. field hockey players (OR: 1.43,
95% CI: 0.26–8.62, p = 0.99); and (iv) cyclists vs. field hockey players (OR: 0.23, 95% CI:
0.04–1.46, p = 0.11). Regarding the recessive model (AA vs. AG+GG) of the CD36 gene
(Table 5), no statistically significant differences were observed in the following comparisons:
(i) controls vs. all athletes (OR: 1.31, 95% CI: 0.38–3.93, p = 0.76); (ii) controls vs. cyclists
(OR: 0.00, 95% CI: 0.00–0.95, p = 0.06); and (iii) controls vs. field hockey players (OR:
3.00, 95% CI: 0.90–9.97, p = 0.12). However, a statistically significant result was detected
when comparing the recessive model of cyclists and field hockey players (OR: 0.00, 95% CI:
0.00–0.35, p = 0.002).

Table 5. Odds ratios [95% confidence intervals] for the predominance of dominant and recessive
models of the CD36 rs1761667 polymorphism in elite Moroccan athletes of individual (cycling) and
team (field hockey) sports versus a control group of non-athletes.

Groups Dominant (AA+AG vs. GG) p Value Recessive (AA vs. AG+GG) p-Value

Controls vs. All athletes 0.65 [0.17–2.84] 0.73 1.31 [0.38–3.93] 0.76
Controls vs. Cyclists 0.33 [0.08–1.70] 0.24 0.00 [0.00–0.95] 0.06

Controls vs. Field hockey players 1.43 [0.26–8.62] 0.99 3.00 [0.90–9.97] 0.12
Cyclists vs. Field hockey players 0.23 [0.04–1.46] 0.11 0.00 [0.00–0.35] 0.002

4. Discussion

During aerobic exercise of low-to-moderate intensity, fatty acids are the most important
substrates for energy production in skeletal muscles [51]. In addition, prolonged and intense
exercise and insufficient carbohydrate intake can restrict muscle glycogen reserves and
reduce athletic performance [52,53] as the production of energy is lower when it relies
principally on fat rather than on carbohydrate oxidation. Consequently, aerobic physical
training increases the expression of proteins involved in the oxidative metabolism in human
skeletal muscle [54]. Among these proteins is the CD36, which plays a crucial role in the
transport of fatty acids from adipose tissue to muscle mitochondria and facilitates fat
metabolism [55,56]. The main objective of this study was to examine the distribution of
genotypic and allelic variations of the CD36 rs1761667 polymorphism in high-level athletes
(cyclists and field hockey athletes) in Morocco in comparison with those of non-athletes
(healthy subjects) of the same ethnic origin. With regard to the main results of this study,
there was no significant difference between athletes and controls in terms of the distribution
of the rs1761667 polymorphism in the CD36 gene. However, a significant difference was
found between cyclists and field hockey players in terms of genotypes (p = 0.004) and
alleles (0.005) of the CD36 rs1761667 polymorphism. Specifically, there was a higher
frequency of the G allele in cyclists with respect to field hockey players, while the AA
genotype was underrepresented. Additionally, the recessive model (AA vs. AG+GG) of the
CD36 rs1761667 polymorphism revealed a significant difference between cyclists and field
hockey players (p = 0.002). This divergence suggests a probable association between genetic
variations in the CD36 gene and the type of sport in elite Moroccan athletes. Collectively, it
seems that the AA genotype may hinder the likelihood of becoming an elite cyclist as no
participant had this genotype. On the other hand, possessing the G allele may facilitate
reaching the status of elite cyclists. This is a hypothesis that require further confirmatory
studies but agrees with the “negative” phenotypes for fat metabolism linked to the AA
genotype of the CD36 rs1761667 polymorphism, which may also be “negative” for an
endurance sport like cycling in which reliance on fat oxidation for the obtaining of energy
is crucial.

To our knowledge, our study is the first to examine the association between the
rs1761667 polymorphism of the CD36 gene and the status of elite athletes. Therefore,
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we did not find similar data on the rs1761667 polymorphism in athletes with which to
compare our results. Some studies specifically investigate CD36 protein expression in
response to physical exercise and fat oxidation. For example, Bruce et al. [57] showed
no significant difference in CD36 content between type 2 diabetes, young, and trained
groups. In addition, an increase in CD36 was demonstrated after endurance [58,59] and
short-term exercise [60] in endurance-trained subjects. Furthermore, a correlation between
peak fat oxidation and CD36 content during exercise was found in endurance athletes [24].
Specifically, Fujii et al. [61] show a link between the AA rs1761667 genotype of the CD36
gene and a high level of total fat. Moreover, in our recently published study [21], we
found a remarkable association between CD36 and lipolysis of adipose tissue during
physical training. In addition, our research identified a correlation between peak fat
oxidation and CD36 expression [21]. These results highlight the relationship between CD36
expression, and the physiological responses associated with exercise-induced adipose
tissue metabolism.

Overall, and in light of previous investigations, the CD36 gene is frequently studied
in patients in order to assess its association with certain pathologies. The AA genotype of
SNP rs1761667 in the CD36 gene showed a higher prevalence in the obese group than in
the normal-weight group [62]. Additionally, the AA genotype was associated with higher
levels of serum triglycerides and total cholesterol [42]. In the Jordanian population, Hatmal
et al. [63] found no association between the CD36 gene and the presence of type 2 diabetes or
dyslipidemia. A correlation between the CD36 rs1761667 polymorphism and susceptibility
to hypertension has been demonstrated in the Iranian population [64]. In a similar context,
there is a suggestive hypothesis that a decrease in CD36 expression in renal cells could be
linked to hypertension [65]. Conversely, it has been suggested that the AA genotype of
rs1761667 in the CD36 gene is associated with a lower risk of hypertension in a Japanese
population [61]. Finally, the function of the CD36 gene in the transport and oxidation of
fatty acids during physical exercise has been confirmed in the majority of studies [21,61,66].
These results may suggest that carrying a genotype that increases CD36 activity may have
a differential effect on the physiological capacity and athletic performance of athletes.
Furthermore, an association was demonstrated between the rs1761667 SNP in the CD36
gene and a reduction in CD36 protein expression [67]. Specifically, and according to Daoudi
et al. [68], a higher frequency of AA and AG genotypes was observed in obese adolescents
than the GG genotype. On the other hand, our results reveal a dominance of the G allele
over the A allele in cyclists, while in hockey players, the A allele predominates compared
to the G allele. These results may indicate a possible association between the rs1761667
polymorphism of the CD36 gene and athletic performance in elite Moroccan athletes.
Specifically, it appears that individuals carrying the G or A alleles have an advantage in
some sports, but not necessarily in others. This suggests a nuanced relationship between
genetic variations in the CD36 gene and sport-specific advantages.

In our study, we investigated the genotypic distribution of the CD36 rs1761667 SNP in
Moroccan elite athletes and non-athletes. Although our study is the first to investigate this
gene in elite athletes, it has some limitations. First, the inability to compare results due to
the lack of similar data in existing studies. Additionally, the relatively small sample size
(n = 43) may be considered a limiting factor. Consequently, further studies are imperative
to validate and substantiate the potential impact of the variants in the CD36 gene on elite
athletes. Furthermore, our data are limited to frequency measurements, and there is a lack
of information on performance phenotypes such as VO2 peak, maximal fat oxidation rates
during exercise or blood lipid profiles.

5. Conclusions

In conclusion, our results indicate a significant difference in the genotypic and allelic
distribution of the CD36 rs1761667 SNP between cyclists and field hockey players. Cyclists
have a higher prevalence of the G allele when compared to field hockey players, while no
cyclists have the AA genotype. This divergence suggests a probable association between
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genetic variations in the CD36 rs1761667 SNP and the type of sport in elite Moroccan
athletes. However, this is a pilot study, and there is a need of further research on this topic
to confirm our main findings.
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33. Rać, M.E.; Safranow, K.; Poncyljusz, W. Molecular basis of human CD36 gene mutations. Mol. Med. 2007, 13, 288–296. [CrossRef]

[PubMed]
34. Xu, X.; Zheng, X.; Zhu, F. CD36 gene variants and their clinical relevance: A narrative review. Ann. Blood 2021, 6. [CrossRef]
35. Tanaka, T.; Nakata, T.; Oka, T.; Ogawa, T.; Okamoto, F.; Kusaka, Y.; Sohmiya, K.; Shimamoto, K.; Itakura, K. Defect in human

myocardial long-chain fatty acid uptake is caused by FAT/CD36 mutations. J. Lipid Res. 2001, 42, 751–759. [CrossRef]
36. Tanaka, T.; Sohmiya, K.; Kawamura, K. Is CD36 deficiency an etiology of hereditary hypertrophic cardiomyopathy? J. Mol. Cell.

Cardiol. 1997, 29, 121–127. [CrossRef] [PubMed]
37. Miyaoka, K.; Kuwasako, T.; Hirano, K.; Nozaki, S.; Yamashita, S.; Matsuzawa, Y. CD36 deficiency associated with insulin

resistance. Lancet 2001, 357, 686–687. [CrossRef]
38. Yamashita, S.; Hirano, K.-I.; Kuwasako, T.; Janabi, M.; Toyama, Y.; Ishigami, M.; Sakai, N. Physiological and pathological roles

of a multi-ligand receptor CD36 in atherogenesis; insights from CD36-deficient patients. Mol. Cell. Biochem. 2007, 299, 19–22.
[CrossRef]

39. Morii, T.; Ohno, Y.; Kato, N.; Hirose, H.; Kawabe, H.; Hirao, K.; Eguchi, T.; Maruyama, T.; Hayashi, M.; Saito, I.; et al. CD36 single
nucleotide polymorphism is associated with variation in low-density lipoprotein-cholesterol in young Japanese men. Biomarkers

2009, 14, 207–212. [CrossRef]
40. Ma, X.; Bacci, S.; Mlynarski, W.; Gottardo, L.; Soccio, T.; Menzaghi, C.; Iori, E.; Lager, R.A.; Shroff, A.R.; Gervino, E.V.; et al. A

common haplotype at the CD36 locus is associated with high free fatty acid levels and increased cardiovascular risk in Caucasians.
Hum. Mol. Genet. 2004, 13, 2197–2205. [CrossRef]



Genes 2024, 15, 419 11 of 12

41. Noel, S.E.; Lai, C.-Q.; Mattei, J.; Parnell, L.D.; Ordovas, J.M.; Tucker, K.L. Variants of the CD36 gene and metabolic syndrome in
Boston Puerto Rican adults. Atherosclerosis 2010, 211, 210–215. [CrossRef] [PubMed]

42. Fakhry, M.M.; Abdel-Hamed, A.R.; Abo-elmatty, D.M.; Mesbah, N.M.; Al-Sawaf, A.; Ezzat, O.; AL-Sawaf, H. A possible novel
co-relation of locus 7q11 rs1761667 polymorphism with the severity of preeclampsia in Egyptian pregnant women. Meta Gene

2020, 24, 100650. [CrossRef]
43. Mrizak, I.; Šerý, O.; Plesnik, J.; Arfa, A.; Fekih, M.; Bouslema, A.; Zaouali, M.; Tabka, Z.; Khan, N.A. The A allele of cluster of

differentiation 36 (CD36) SNP 1761667 associates with decreased lipid taste perception in obese Tunisian women. Br. J. Nutr. 2015,
113, 1330–1337. [CrossRef]

44. Melis, M.; Carta, G.; Pintus, S.; Pintus, P.; Piras, C.A.; Murru, E.; Manca, C.; Di Marzo, V.; Banni, S.; Tomassini Barbarossa, I.
Polymorphism rs1761667 in the CD36 Gene Is Associated to Changes in Fatty Acid Metabolism and Circulating Endocannabinoid
Levels Distinctively in Normal Weight and Obese Subjects. Front. Physiol. 2017, 8, 1006. [CrossRef] [PubMed]

45. Abbiss, C.R.; Menaspà, P.; Villerius, V.; Martin, D.T. Distribution of power output when establishing a breakaway in cycling. Int. J.

Sports Physiol. Perform. 2013, 8, 452–455. [CrossRef] [PubMed]
46. Van Erp, T.; Sanders, D. Demands of professional cycling races: Influence of race category and result. Eur. J. Sport Sci. 2021, 21,

666–677. [CrossRef]
47. Kusnanik, N.W.; Rahayu, Y.S.; Rattray, B. Physiological Demands of Playing Field Hockey Game at Sub Elite Players. IOP Conf.

Ser. Mater. Sci. Eng. 2018, 288, 012112. [CrossRef]
48. Boyle, P.M.; Mahoney, C.A.; Wallace, W.F. The competitive demands of elite male field hockey. J. Sports Med. Phys. Fitness 1994, 34,

235–241. [PubMed]
49. Tanisawa, K.; Wang, G.; Seto, J.; Verdouka, I.; Twycross-Lewis, R.; Karanikolou, A.; Tanaka, M.; Borjesson, M.; Di Luigi, L.; Dohi,

M.; et al. Sport and exercise genomics: The FIMS 2019 consensus statement update. Br. J. Sports Med. 2020, 54, 969–975. [CrossRef]
50. Houssaini, T.S.; Jaafour, S.; Ouldim, K.; Squali, F.-Z. CD36 Gene Polymorphism and Susceptibility to Nephropathies. Int. J. Innov.

Res. Sci. Eng. Technol. 2015, 4, 9798–9804. [CrossRef]
51. van Loon, L.J.C. Use of intramuscular triacylglycerol as a substrate source during exercise in humans. J. Appl. Physiol. 2004, 97,

1170–1187. [CrossRef] [PubMed]
52. de Sousa, M.V.; Madsen, K.; Simões, H.G.; Pereira, R.M.R.; Negrão, C.E.; Mendonça, R.Z.; Takayama, L.; Fukui, R.; da Silva,

M.E.R. Effects of carbohydrate supplementation on competitive runners undergoing overload training followed by a session of
intermittent exercise. Eur. J. Appl. Physiol. 2010, 109, 507–516. [CrossRef] [PubMed]

53. Rodriguez, N.R.; DiMarco, N.M.; Langley, S.; American Dietetic Association; Dietitians of Canada; American College of Sports
Medicine: Nutrition and Athletic Performance. Position of the American Dietetic Association, Dietitians of Canada, and the
American College of Sports Medicine: Nutrition and athletic performance. J. Am. Diet. Assoc. 2009, 109, 509–527. [CrossRef]
[PubMed]

54. Pilegaard, H.; Ordway, G.A.; Saltin, B.; Neufer, P.D. Transcriptional regulation of gene expression in human skeletal muscle
during recovery from exercise. Am. J. Physiol. Endocrinol. Metab. 2000, 279, E806–E814. [CrossRef] [PubMed]

55. Holloway, G.P.; Bonen, A.; Spriet, L.L. Regulation of skeletal muscle mitochondrial fatty acid metabolism in lean and obese
individuals. Am. J. Clin. Nutr. 2009, 89, 455S–462S. [CrossRef] [PubMed]

56. Gong, Q.-W.; Liao, M.-F.; Liu, L.; Xiong, X.-Y.; Zhang, Q.; Zhong, Q.; Zhou, K.; Yang, Y.-R.; Meng, Z.-Y.; Gong, C.-X.; et al. CD36
Gene Polymorphisms Are Associated with Intracerebral Hemorrhage Susceptibility in a Han Chinese Population. BioMed Res. Int.

2017, 2017, 5352071. [CrossRef] [PubMed]
57. Bruce, C.R.; Anderson, M.J.; Carey, A.L.; Newman, D.G.; Bonen, A.; Kriketos, A.D.; Cooney, G.J.; Hawley, J.A. Muscle Oxidative

Capacity Is a Better Predictor of Insulin Sensitivity than Lipid Status. J. Clin. Endocrinol. Metab. 2003, 88, 5444–5451. [CrossRef]
[PubMed]

58. Hammond, K.M.; Impey, S.G.; Currell, K.; Mitchell, N.; Shepherd, S.O.; Jeromson, S.; Hawley, J.A.; Close, G.L.; Hamilton, D.L.;
Sharples, A.P. Postexercise high-fat feeding suppresses p70S6K1 activity in human skeletal muscle. Med. Sci. Sports Exerc. 2016,
48, 2108–2117. [CrossRef] [PubMed]

59. Juan, C.; Li, L.; Hou, S.; Liu, P.; Kao, W.; Chiu, Y.; How, C. Expression of ABC transporter and scavenger receptor mRNAs in
PBMCs in 100-km ultramarathon runners. Eur. J. Clin. Investig. 2021, 51, e13365. [CrossRef]

60. Arkinstall, M.J.; Tunstall, R.J.; Cameron-Smith, D.; Hawley, J.A. Regulation of metabolic genes in human skeletal muscle by
short-term exercise and diet manipulation. Am. J. Physiol. Endocrinol. Metab. 2004, 287, E25–E31. [CrossRef]

61. Fujii, R.; Hishida, A.; Suzuki, K.; Imaeda, N.; Goto, C.; Hamajima, N.; Wakai, K.; Kondo, T. Cluster of differentiation 36 gene
polymorphism (rs1761667) is associated with dietary MUFA intake and hypertension in a Japanese population. Br. J. Nutr. 2019,
121, 1215–1222. [CrossRef] [PubMed]

62. Bajit, H.; Ait Si Mohammed, O.; Guennoun, Y.; Benaich, S.; Bouaiti, E.; Belghiti, H.; Mrabet, M.; Elfahime, E.M.; El Haloui, N.E.;
Saeid, N.; et al. Single-nucleotide polymorphism rs1761667 in the CD36 gene is associated with orosensory perception of a fatty
acid in obese and normal-weight Moroccan subjects. J. Nutr. Sci. 2020, 9, e24. [CrossRef] [PubMed]

63. Hatmal, M.M.; Alshaer, W.; Mahmoud, I.S.; Al-Hatamleh, M.A.I.; Al-Ameer, H.J.; Abuyaman, O.; Zihlif, M.; Mohamud, R.;
Darras, M.; Shhab, M.A.; et al. Investigating the association of CD36 gene polymorphisms (rs1761667 and rs1527483) with T2DM
and dyslipidemia: Statistical analysis, machine learning based prediction, and meta-analysis. PLoS ONE 2021, 16, e0257857.
[CrossRef] [PubMed]



Genes 2024, 15, 419 12 of 12

64. Momeni-Moghaddam, M.A.; Asadikaram, G.; Akbari, H.; Abolhassani, M.; Masoumi, M.; Nadimy, Z.; Khaksari, M. CD36 gene
polymorphism rs1761667 (G > A) is associated with hypertension and coronary artery disease in an Iranian population. BMC

Cardiovasc. Disord. 2019, 19, 140. [CrossRef] [PubMed]
65. Yokoi, H.; Yanagita, M. Targeting the fatty acid transport protein CD36, a class B scavenger receptor, in the treatment of renal

disease. Kidney Int. 2016, 89, 740–742. [CrossRef] [PubMed]
66. Frandsen, J.; Sahl, R.E.; Rømer, T.; Hansen, M.T.; Nielsen, A.B.; Lie-Olesen, M.M.; Rasmusen, H.K.; Søgaard, D.; Ingersen,

A.; Rosenkilde, M.; et al. Extreme duration exercise affects old and younger men differently. Acta Physiol. 2022, 235, e13816.
[CrossRef] [PubMed]

67. Love-Gregory, L.; Sherva, R.; Schappe, T.; Qi, J.-S.; McCrea, J.; Klein, S.; Connelly, M.A.; Abumrad, N.A. Common CD36 SNPs
reduce protein expression and may contribute to a protective atherogenic profile. Hum. Mol. Genet. 2011, 20, 193–201. [CrossRef]

68. Daoudi, H.; Plesník, J.; Sayed, A.; Šerý, O.; Rouabah, A.; Rouabah, L.; Khan, N.A. Oral Fat Sensing and CD36 Gene Polymorphism
in Algerian Lean and Obese Teenagers. Nutrients 2015, 7, 9096–9104. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


	Introduction 
	Materials and Methods 
	Participants 
	Genotyping 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

