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1. Abstract
1.1. Aim: Hereditary hemoglobinopathy can cause individuals to ab-
sorb too much iron from their diet. Higher tissue iron levels, below 
the threshold of  toxicity, can enhance oxygen transport capacity and 
provide a competitive advantage. Single nucleotide polymorphisms 
(SNPs) in the homeostatic iron (HFE) regulatory gene have been 
shown to modulate iron metabolism and can be used to predict an 
individual's risk of  hemoglobinopathy. Several studies have shown 
that the HFE genotype is associated with elite endurance athlete sta-
tus; however, no studies have examined whether the HFE genotype 
of  elite female athletes is associated with endurance performance.

1.2. Objective: The objective of  this study was to determine if  there 
was an association between HFE risk genotypes (rs1800562 and 
rs1799945) and endurance performance in the 8 km cycling time test 
as well as maximal oxygen uptake (VO2peak), an indicator of  aerobic 
capacity. 

1.3. Methods: Competitive female athletes (n = 60; 18-25 years) 
completed an 8 km cycling time trial. DNA was isolated from sali-
va and genotypicized for SNPs rs1800562 (C282Y) and rs1799945 
(H63D) in HFE. Athletes were classified as low risk (n = 48) or me-
dium/high risk (n = 12) based on their HFE genotype for both SNPs 
using an algorithm. ANCOVA was performed to compare outcome 
variables between both groups. 

1.4. Results: People with medium or high risk genotypes were ~8% 
faster (1.3 minutes) than those with low risk genotypes (17.0 ± 0.8 
vs 18.3 ± 0 ,3 minutes, P = 0.05). VO2peak was ~17% higher (7.9 

mL • kg − 1.min − 1) in individuals with intermediate or high risk 
genotypes compared with those with low risk genotype (54.6 ± 3.2). 
Compared with 46.7 ± 1.0 mL • kg − 1.min − 1, P = 0.003). 

1.5. Conclusion: This study shows that HFE risk genotypes are as-
sociated with improved endurance performance and increased VO-
2peak in elite female athletes aged 18-25 years.

2. Introduction
Iron is a component of  the storage protein hemoglobin (Hb), which 
transports oxygen and myoglobin, stores oxygen in active skeletal 
muscles, and facilitates transport to mitochondria. Iron is also an es-
sential mineral found in many foods and also in dietary supplements.

Iron also enables erythropoiesis, the production of  red blood cells 
(RBC). RBC supplies oxygen to all organs and tissues in the body 
including skeletal muscle and the heart [3]. Iron homeostasis is regu-
lated by several genes, one of  which is the human iron homeostasis 
(HFE) protein. HFE is a major unclassified histocompatibility pro-
tein located on the cell membrane that regulates intestinal iron ab-
sorption [15]. The HFE protein, encoded by the HFE gene, binds to 
transferrin receptor 2 (TFR2), which regulates hepcidin production. 
Hepcidin is a cyclic peptide hormone that inhibits iron absorption 
by binding to and degrading iron exporter ferroportin [15, 20]. The 
role of  hepcidin is to regulate serum iron levels by preventing the 
release of  iron from the duodenum into the bloodstream. This is an 
important function because too much iron in the blood can lead to 
iron overload and cause an increase in the release of  free radicals, 
which can cause oxidative stress and muscle damage [15].
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The common single nucleotide polymorphism (SNP) in HFE, 
845G>A (rs180562), also known as C282Y, disrupts disulfide bond 
formation in the HFE protein, causing it to assemble intracellularly 
[15]. This combination prevents HFE from binding to TFR2, ulti-
mately reducing hepcidin release [15]. Decreased hepcidin levels lead 
to ferroportin degradation, which facilitates the transport of  iron 
from the duodenum into the bloodstream. This can disrupt the tight-
ly controlled regulation of  serum iron levels, leading to an excess of  
iron in the blood [15]. The "A" allele of  the C282Y polymorphism is 
associated with excess iron storage, such that homozygous AA puts a 
person at increased risk of  developing an iron overload known as he-
reditary hemoglobinopathy. HH) [22], [2]. The H63D polymorphism 
(rs1799945), H63D C>G, is another common SNP in HFE; howev-
er, its effect on iron status was not pronounced. This polymorphism 
still results in the generation of  a stable complex with TFR2, but with 
a lower binding affinity. This also resulted in a decrease in hepcidin, 
but to a lesser extent than in the rs1800562 SNP [13]. The “G” allele 
of  the H63D polymorphism is associated with excess iron stores, 
although to a lesser extent than the “A” allele of  the C282Y poly-
morphism, and is associated with moderate risk of  HH. Excess iron 
in the blood stream saturates transferrin iron-absorbing receptors, 
which can react with hydrogen peroxide or lipids and other reactive 
oxygen species [22].

Subsequently, the production of  reactive oxygen species can lead to 
oxidative stress or tissue damage [15, 12]. C282Y has a greater pene-
tration capacity than H63D; therefore, the C282Y polymorphism has 
a stronger effect on HH risk than the H63D variant.

HFE risk genotypes for iron overload are more common in com-
petitive athletes [14, 10] reported that 41% of  French elite athletes 
and 80% of  medalists in European/international competitions had 
at least one risk variant in HFE (including rs1800562 and rs1799945) 
compared to 27% of  the French population as a whole. [10] showed 
that 49.5% of  athletes possessing an HFE SNP increased their risk 
of  HH, compared with 33.5% of  the general population. The elite 
athlete population includes individuals from a variety of  sports, sug-
gesting that HFE risk variants for iron overload confer a potential 
athletic performance advantage. After exercise-induced inflamma-
tion, hepcidin levels are upregulated to prevent iron absorption [20]. 
However, for athletes with moderate or high HFE risk variants, hep-
cidin release may not be upregulated, which would increase plasma 
iron bioavailability [14, 15, 20]. Higher serum iron concentrations 
may contribute to increased erythropoiesis because iron is required 
for hemoglobin production in RBC [7]. Increased RBC production 
and higher Hb levels may allow increased oxygen delivery to skele-
tal muscle, allowing for the maintenance of  aerobic fitness, which 
is important for endurance athletes [20, 11]. The objective of  this 
study was to determine whether the HFE genotype (rs1800562 and 
rs1799945) was associated with athletes' endurance performance as 
well as their maximal aerobic capacity.

3. Method
All subjects provided written consent and were informed that they 
may terminate participation at any time. Seventy competitive female 
athletes were selected from a variety of  sports, including endurance 
type (e.g., triathlon, cycling), strength type (e.g. boxing, volleyball, 
weightlifting) and combined or mixed sports (eg, soccer, soccer, 
swimming). Athletes are required to train and/or compete for ≥8 
hours • -1 week, for 9 out of  12 months per year for at least 3 years 
in their primary sport.

Eight athletes dropped out because of  sports-related injuries, two 
because of  school or work needs. The remaining 60 athletes had an 
average age of  18-25 years and a body mass of  61.0 ± 12.1 kg. Ex-
perimental design. Athletes completed four rounds, each ~100–130 
minutes apart and approximately 1 week, in the exercise lab at the 
Science Center for High Performance Sports at Ho Chi Minh City 
University. Anthropometric measurements were collected and the 
athletes performed a maximal aerobic capacity (VO2peak) test and 
completed a questionnaire on athletic history and general health 
during the visit. their first. Saliva samples were also obtained for ge-
notyping at the primary examination using the Oragene ON-500 kit 
according to standard procedure (DNA Genotek, Ottawa, Ontario, 
Canada) [16]. Athletes were asked to maintain regular sleeping and 
eating habits, avoid strenuous activity 48 hours prior to each visit, 
and abstain from caffeine 1 week prior to the first exam and for the 
remainder of  the session. data collection (4 weeks total). To ensure 
dietary consistency, athletes were instructed to repeat the same meal 
they consumed prior to the first physical exam for subsequent visits. 
In tests 2–4, athletes were randomly assigned 0, 2 or 4 mg of  caffeine 
per kg of  body mass (mg • kg − 1).

Rating parameters. After receiving their randomly assigned dose of  
caffeine, the athletes completed a 25-minute questionnaire, followed 
by a 7-minute warm-up routine that began with light cycling. After 
completing the warm-up, the athletes performed four fitness tests, 
including vertical jump, hand run, Wingate, and 8 km (TT) cycling 
time trial.

Only 8 km TT cycling results are reported here. Maximum exercise 
test (VO2peak). Maximum aerobic capacity is measured through 
the VO2peak test. The test started at a working speed of  50 Won a 
braked and mechanically weighted cycle meter (Monark Ergomedic 
839E; Monark Practice AB, Vansbro, Sweden), with a load increment 
of  50 W per minute for 2 min. first, then 25 W per minute thereafter 
until physical exhaustion. A portable metabolic system was used to 
measure gas exchange (Cortex Metamax 3B; CORTEX Biophysik 
GmbH, Leipzig, Germany). Maximum oxygen uptake (V˙O2peak) is 
defined as the highest 1-minute oxygen uptake value obtained during 
the test. The V˙O2peak power (W) is calculated by measuring the 
transmit power (W) at V˙O2peak. Final power The power is calculat-
ed using the output power (W) at voltage fatigue.
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TT The 8 km TT exercise is the last of  the four exercises that the 
athletes do first. Athletes begin cycling 8 km TT when blood lactate 
levels fall below 2.5 mmol•L-1 (after Wingate test), as measured by 
finger prick test and analyzed by Lactate Scout 4, from the previ-
ous Wingate test. An Ergomedic 839 E stationary bike was set at 
constant resistance or power and each subject cycled 8 km at the 
specified resistance (W). Resistance is set to 65% Wpower for all 
subjects based on calculations from the V˙O2peak test, or 65%-69% 
V˙O2peak. The on-board computer automatically controls the level 
of  drag through the application of  different braking forces on the 
belt. Speed is calculated based on pedal rhythm (rpm); Faster tempo 
will lead to faster speed. An 8 km long TT requires 1667 revolutions 
(6 m per revolution). Different cadences will result in different com-
pletion times for this test. Subjects could not see their time, speed, 
and heart rate but could see the distance traveled. The water has been 
performed ad libitum. Heart rate was monitored throughout the test 
using a heart rate monitor. Subjects determined their RPE using the 
Borg rating scale (rating scores from 6 [no exertion] to 20 [extremely 
difficult]) at 5 and 9 km.

Rating parameters. After receiving their randomly assigned dose of  
caffeine, the athletes completed a 25-minute questionnaire, followed 
by a 7-minute warm-up routine that began with light cycling. After 
completing the warm-up, the athletes performed four fitness tests, 
including vertical jump, hand run, Wingate, and 8 km (TT) cycling 
time trial. Only 8 km TT cycling results are reported here. Maximum 
exercise test (VO2peak). Maximum aerobic capacity is measured 
through the VO2peak test. The test started at a working speed of  50 
Won a braked and mechanically weighted cycle meter (Monark Er-
gomedic 839E; Monark Practice AB, Vansbro, Sweden), with a load 
increment of  50 W per minute for 2 min. first, then 25 W per min-
ute thereafter until physical exhaustion. A portable metabolic system 
was used to measure gas exchange (Cortex Metamax 3B; CORTEX 
Biophysik GmbH, Leipzig, Germany). Maximum oxygen uptake 
(V˙O2peak) is defined as the highest 1-minute oxygen uptake val-
ue obtained during the test. The V˙O2peak power (W) is calculated 
by measuring to transmit power (W) at V˙O2peak. Final power The 
power is calculated using the output power (W) at voltage fatigue.

TT The 8 km TT exercise is the last of  the four exercises that the 
athletes do first. Athletes begin cycling 8 km TT when blood lactate 
levels fall below 2.5 mmol•L-1 (after Wingate test), as measured by 
finger prick test and analyzed by Lactate Scout 4, from the previ-
ous Wingate test. An Ergomedic 839 E stationary bike was set at 
constant resistance or power and each subject cycled 8 km at the 
specified resistance (W). Resistance is set to 65% Wpower for all 
subjects based on calculations from the V˙O2peak test, or 65%-69% 
V˙O2peak. The on-board computer automatically controls the level 
of  drag through the application of  different braking forces on the 
belt. Speed is calculated based on pedal rhythm (rpm); Faster tempo 
will lead to faster speed. An 8 km long TT requires 1667 revolutions 

(6 m per revolution). Different cadences will result in different com-
pletion times for this test. Subjects could not see their time, speed, 
and heart rate but could see the distance traveled. The water has 
been performed ad libitum. Heart rate was monitored throughout 
the test using a heart rate monitor. Subjects determined their RPE 
using the Borg rating scale (rating scores from 6 [no exertion] to 20 
[extremely difficult]) at 5 and 9 km. Genotyping classification. Sali-
va samples collected during visit 1 were then genotyped for a pool 
of  genes, including rs1800562 (C282Y) and rs1799945 (H63D) in 
the HFE gene using the Sequenom MassArray platform (Josse AR, 
et al, 2012). An algorithm based on two HFE alleles was used to 
group participants into groups at low, moderate or high risk of  iron 
overload, which can be found in (Table 1). The algorithm was deter-
mined by the resulting genotypes. For the C282Y and H63D poly-
morphisms, whereby the "A" allele of  C282Y and the "G" allele of  
H63D are considered risk alleles [2]. Because the C282Y polymor-
phism is more penetrative than the H63D variant, AA homozygosity 
for C282Y means that a person is at increased risk for HH regardless 
of  their H63D genotype. Having a “G” allele for H63D while pos-
sessing an “A” allele for C282Y or carrying two copies of  the “G” 
allele for H63D without possessing the “A” allele for C282Y leads to 
individual allocation to the group moderate risk for iron overload. All 
other genotype combinations are considered low risk. Statistical anal-
ysis. Data were analyzed using RStudio (version 1.2.1335). Descrip-
tive data (height, body mass, age, % body fat, VO2peak, and dietary 
caffeine or caffeine used for athletic and athletic type distribution) 
were compared. Comparisons between genotypes using ANOVA or 
between sport categories using chi-square analysis. Allele frequen-
cies of  individual SNPs have been reported. Only performance at 
the caffeine dose of  0 mg • kg -1 was considered in this study. The 
outcome variable is the completion time for the TT cycling 8 km, 
where a lower time indicates a better performance. ANCOVA was 
conducted to determine the effect of  HFE risk groups, individual 
SNPs and type of  sport on 8 km cycling TT. If  a significant effect 
was observed (P ≤ 0.05), post hoc analyzes using Tukey's HSD were 
performed. HFE risk groups were classified based on an algorithm, 
between the genotypes of  each individual SNP. Variables include % 
body fat, number of  visits, VO2peak (mL • kg − 1.min − 1), and 
sport type. For statistical analyses, % body fat was coded as a cate-
gorical variable (low, <10%; moderate, 10%–11%; high, &gt; 11%). 
Visit count is a categorical variable with three levels (visit 1, visit 2, 
and visit 3). V˙O2peak (mL • kg − 1.min − 1) was coded as a cate-
gorical variable with three levels (low,55 mL • kg − 1.min − 1). Sport 
type was coded as a categorical variable with the following levels: 
endurance athlete (e.g., triathlon, cycling, marathon), strength athlete 
(e.g. boxing, volleyball, Olympic weightlifting) and mixed athletes (eg, 
soccer, soccer, swimming). Participants received a placebo dose in 
random order at one of  the three visits. Therefore, hits were added 
as covariates to account for possible learning effects.
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Table 1: Hemochromatosis risk classified based on HFE genotypes.

Hemochromatosis Risk rs1799945 rs1800562
High CC AA
 GC AA
 GG AA
Medium GC AG
 GG AG
 GG GG
Low CC GG
 GC GG
 CC AG

The secondary outcome variable is VO2peak (mL • kg − 1.min − 1), 
where a larger value indicates better aerobic fitness and the variables 
adjusted for the type of  sport included and % body fat.

ANCOVA was used to determine the effect of  HFE risk groups, 
individual SNPs, and sports categories on V˙O2peak. If  a significant 
effect was observed (P ≤ 0.05), post hoc analyzes using Tukey's HSD 
were performed. Since there was only one athlete in the high-risk 
group, athletes were stratified based on hemoglobin risk into two 
groups: medium/high risk or low risk.

4. Results
Subject characteristics. Of  the 70 Athletes, 85.71% (n = 60) were 
characterized as low risk and 14.29% (n = 10) were considered medi-
um/high risk. The descriptive characteristics of  both risk groups are 
shown in (Table 2). Athletes in the intermediate or high risk group 
had a VO2peak measurement (mL kg-1.min − 1 and L • min. -1) 
significantly higher than athletes in the low-risk group. There were 
no significant differences between genotypes in terms of  body mass, 
height, age, body fat percentage or percent distribution by sport type. 
The distribution by sport type of  all participants was as follows: 
37% endurance, 47% strength, and 16% mixed. For SNP rs1799945, 
41 participants were CC, 15 were GC, and 4 were GG. For SNP 
rs1800562, 50 participants were GG, 9 were AG, and 1 was AA.

TT performing. (Figure 1) shows the average TT time of  8 km for all 
subjects (n = 60). There was a significant difference in TT achieve-
ment of  8 km between the low and moderate/high risk groups (P = 
0.05). Those in the medium or high risk group outperformed those 
with the low risk genotype by ~8% (1.3 min) (17.0 ± 0.8 vs 18.3 ± 
0.3 min, P = 0.05).

We then tested whether SNP rs179945 alone was associated with 8 
km TT performance but found no difference between genotypes 
(P = 0.5). However, a significant association was observed between 
rs1800562 SNP and 8 km TT performance (P = 0.02). Post hoc an-
alyzes showed that AA genotype outperformed GG genotype on 
cycling distance of  8 km TT by ~5 min (P=0.05). Effect of  type of  
sport is significant on physical performance (P = 3.7 10−5); there-
fore, post-sport analyzes using Tukey's HSD were used to compare 
TT performance across sports categories. Post hoc analyzes showed 
that endurance and mixed athletes outperformed strength athletes 
(P=0.0006 and P=0.007, respectively).

Maximum oxygen absorption (VO2peak). (Figure 2) shows the max-
imum oxygen uptake, i.e. V˙O2peak, for all subjects (n = 100). There 
was a significant difference in V˙O2peak between the low and mod-
erate or high risk groups (P = 0.003). Individuals in the intermediate 
or high risk group had higher VO2peak (54.6 ± 3.2 mL • kg − 1. 
min -1) than individuals in the low risk group (46.7 ± 1, 0 mL • kg 
− 1.min −1). We then tested whether SNP rs179945 was exclusively 
associated with VO2peak but found no difference between geno-
types (P = 0.7). However, a significant difference in V˙O2peak was 
observed between the three genotypes (P = 0.001) of  the rs1800562 
variant. Post hoc analyzes showed that the AA genotype had a VO-
2peak greater than ~19.4 mL • kg − 1.min − 1 compared with the 
GG genotype (P = 0.05). Those with the AG genotype had a larger 
V˙O2peak than those with the GG genotype of  8.58 mL • kg − 
1.min − 1 (P = 0.01).

The effect of  sport type was significant for VO2peak (P = 7.5 10−5). 
Post-hoc analyzes showed that endurance athletes and mixed athletes 
had a greater O2peak than strength athletes (P=0.0002 and P=0.004, 
respectively).

Table 2: Descriptive characteristics of  participants by iron overload risk.

Low Iron Overload Risk Medium/High Iron Overload Risk
Characteristics n=60 n=10 P
Body massb (kg) 64.2 ± 8.2 64.3 ± 6.6 0.64
Height (cm) 172 ± 6.1 172 ± 6.1 0.82
Age (yr) 23.2 ± 4.1 25.1 ± 3.6 0.25
Body fat (%) 13.5 ± 4.8 12.3 ± 4.1 0.12
Sport type, n (%)   0.6
Endurance 22 (50) 4 (10)  
Power 28 (54) 5 (6)  
Mixed 10 (46) 1 (14)  
a P values were derived using ANOVA, or for sport type by using chi-square. 
b Mean ± SD (all values).

Figure 1: Average (mean ± SEM) 08-km cycling time by HFE risk genotype. 
*Those with the medium/high genotypes significantly outperformed (P = 
0.05) those with the low-risk genotypes.
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Figure 2: Average (mean ± SEM) V˙ O2peak by HFE risk genotype. *Those 
with the medium- or high-risk genotypes possess a significantly greater 
VO2peak (P = 0.003) compared with those with the low-risk genotypes.

5. Discussion
The results of  our study show that the HFE risk genotype is associ-
ated with higher VO2peak. Specifically, our results show that athletes 
with moderate or high-risk HFE genotypes have approximately 17% 
higher VO2peaks than athletes with low-risk HFE genotypes. Exam-
ination of  each SNP separately revealed that the effects were mainly 
driven by SNP C282Y (rs1800562). There were no significant dif-
ferences in TT or VO2peak performance between genotypes of  the 
H63D variant. This is inconsistent with a recent study that demon-
strated the “G” allele of  H63D to be associated with improved aer-
obic capacity [26].

The present study is the first to examine the association between 
HFE genotype and endurance performance in competitive female 
athletes. We also investigated the association between HFE genotype 
and aerobic capacity (VO2peak). Our results indicate that the HFE 
risk genotype is associated with improved endurance performance 
in the 8 km cycling TT. This is consistent with previous studies that 
have shown that iron overload risk genotypes are more common in 
elite endurance athletes than in the general population [10]. Notably, 
a recent meta-analysis report of  586 athletes of  different ethnicities 
corroborated a higher prevalence of  H63D polymorphisms in en-
durance athletes than in the general population, regardless of  ethnic-
ity. a person's ethnicity [26]. However, the meta-analysis only consid-
ered the effect of  the allele of  the H63D genotype [26]. The present 
study is the first to examine the association between an individual's 
risk of  iron overload, as determined by the compound allele effect of  
the HFE genotypes C282Y and H63D, and endurance performance. 
This may be because the risk variant of  C282Y has a greater penetra-
bility than the risky variant of  H63D [2]. It is also possible that the 
link between H63D and aerobic capacity has only been observed in 
higher-level competitive athletes, such as Olympic athletes [26].

Endurance athletes and mixed athletes outperform strength athletes 

on TT and have greater aerobic capacity. This suggests that endur-
ance athletes perform better due to more training in this area than 
in other types of  sports; however, a significant association between 
HFE genotype and 8 km TT performance as well as V˙O2peak 
was still present after controlling for sport type. Our findings are 
consistent with an important role of  iron metabolism in endurance 
performance [1]. The main function of  iron is to facilitate oxygen 
transport in the RBC and tissues via Hb [29]. Some studies show that 
exercise can stimulate red blood cell production, which reduces red 
blood cell count by age one [18, 19]. This will eventually increase a 
person's metabolic activity as the amount of  young RBCs increases 
[18]. 2, 3-Diphosphoglycerate (2, 3-DPG) is a glycolysis intermediate 
produced in RBC. Increased exercise-induced metabolic activity may 
promote long-term elevation of  the allergen Hb 2,3-DPG [18, 24]. 
Increased levels of  2,3-DPG reduce Hb-O2 affinity, promoting oxy-
gen transport and delivery in the lungs and other tissues around the 
body [5]. In addition to Hb-O2 affinity, oxygen transport capacity is 
affected by the volume of  Hb in a person's blood.

Athletes are at a lower risk of  having iron levels than the general pop-
ulation because of  increased training and competition demands [21], 
exacerbation of  iron loss through excessive sweating, loss of  iron 
excessive blood in the gastrointestinal tract and urine (from impact, 
jostling of  organs), and the rapid breakdown of  exercise-induced 
RBCs [25]. Endurance athletes are at higher risk than athletes from 
other sports [25, 28], likely due to increased hemolysis from impact 
to the leg among other factors. Iron deficiency can negatively affect 
athletic performance by reducing oxygen delivery to skeletal mus-
cle, lowering blood pH, and rapidly depleting muscle glycogen stores 
[27]. Normal iron levels also allow the maintenance of  redox balance 
in muscle and mitochondrial energy production, both of  which are 
important for athletic performance [8]. One study suggested that 
endurance athletes are likely to have lower-than-normal Hb levels 
because of  low iron levels, likely due to foot hemolysis [30]. There-
fore, athletes are likely to consume iron supplements as an adjunct to 
improve maximal oxygen uptake [12, 19]. However, this can worsen 
athlete performance because excess iron can lead to increased oxida-
tive stress, including muscle tissue damage [23]. An increased amount 
of  Hb results in an increased amount of  oxygen being transported 
to the tissues [18], which has been linked to improved athletic per-
formance [6]. A close relationship exists between total Hbmass and 
maximum oxygen uptake (VO2max) [24]. Oxygen carrying capacity, 
relative to total Hbmass [18], is associated with different outcomes 
in endurance performance [18]. Increased blood Hb levels are asso-
ciated with improved oxygen transport and, by extension, a person's 
maximal aerobic capacity [6]. Thus, improved oxygen uptake and aer-
obic capacity could provide a potential performance advantage for 
athletes by improving oxygen delivery to the muscles.

The risk variants C282Y and H63D can significantly reduce binding 
affinity for TFR2, which may downregulate hepcidin release leading 
to increased blood iron levels [22]. Iron concentrations above the 
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upper limit of  normal may offer a potential performance advantage 
because of  improved oxygen transport through hematological pa-
rameters such as Hb [12, 4]. The higher bioavailability of  serum iron 
may lead to increased erythropoiesis that may increase the athlete's 
oxygen carrying capacity and maximal oxygen uptake due to elevat-
ed Hb [15]. Furthermore, increased erythropoiesis may also improve 
athletes' recovery between high-intensity interval exercise and muscle 
regeneration by reducing muscle fatigue [14]. Increased Hb is asso-
ciated with HFE risk variant genotypes, which may explain the po-
tential physiological difference compared with those without the risk 
variant [4].

The results of  this study suggest that athletes may benefit from reg-
ularly monitoring their iron status and considering supplementation 
to optimize iron stores under expert guidance. nutritionist or oth-
er health professionals [15]. When monitoring and optimizing iron 
status, athletes, coaches, and their healthcare providers should keep 
their HFE genotypes in mind. Collectively, our results also demon-
strate that the moderate/high risk of  HH as determined by an in-
dividual's HFE genotype (rs1800562 and rs1799945) is associated 
with better endurance performance. However, the effect of  HFE 
risk genotype is unknown on other performance measures, such as 
anaerobic strength-based exercise patterns.

Despite the potential to improve athletic performance in people with 
HFE risk variants, some studies have suggested otherwise [11, 17]. 
One study found that female adolescents with an H63D risk variant 
(n = 7) had lower aerobic capacity than those without a risk variant 
(n = 6) [17]. However, there are some limitations, such as the small 
sample size and the different sport modalities being evaluated, that 
may affect these results. Another study determined that the H63D 
risk variant did not predict performance at the 2008 Kona Ironman 
championship triathlon [11]. However, performance can be affect-
ed by many uncontrolled variables, including ambient temperature, 
pre-competition nutrition, the presence of  overtraining syndrome, 
and familiarity with the sport. racing distances. Some limitations in-
clude that this study population included only competitive female 
athletes, so future trials will test whether HFE risk variants predict 
endurance and fitness performance. Rhythm in female and female 
recreational activities and female athletes compete or not. Another 
limitation is the small number of  subjects with a rare genotype of  
each SNP that is associated with moderate or high risk.

6. Conclusion
In summary, we found that individuals with moderate or high-risk 
HFE genotypes (rs1800562 and rs1799945) outperformed those with 
low-risk genotypes in the 8-km cycling TT. Furthermore, people in 
the intermediate or high risk groups had a larger VO2peak than those 
at low HH risk. The results of  our study highlight the importance of  
monitoring and optimizing the iron status of  18-25-year-old female 
athletes. This study was funded by the Sports Science Research Insti-
tute of  Ho Chi Minh City, Vietnam National Research Foundation. 

The results of  this study are not endorsed by the University Ho Chi 
Minh City of  Sports. Results are presented clearly, honestly and with-
out fabricating, falsifying or inappropriately manipulating data.
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