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 The Effect of the MTHFR C677T Mutation on Athletic 

Performance and the Homocysteine Level of Soccer Players  

and Sedentary Individuals 

by 

Nurten Dinç1, Selda Bereket Yücel2, Fatma Taneli3, Metin Vehbi Sayın1 

This study investigated athletic performance and homocysteine (Hcy) levels in relation to the 

methylenetetrahydrofolate reductase (MTHFR) C677T mutation and explored the relationship between this mutation 

and other cardiac risk factors in soccer players and sedentary individuals. The study groups consisted of randomly 

selected soccer players (n=48) from the Turkish Super and Major League and sedentary male students (n=48) aged 18-

27. Anthropometric variables, aerobic and anaerobic thresholds were measured, furthermore, biochemical assays were 

performed. The level of HDL cholesterol, LDL cholesterol, triglyceride, Hcy, folate, vitamin B12, hemogram and 

MTHFR C677T was investigated. The results showed that there was a statistical difference between the two groups in 

terms of body mass, body fat, the BMI, the aerobic threshold heart rate (ATHR), aerobic threshold velocity (ATVL) and 

anaerobic threshold velocity (ANTVL). The soccer players were found to have lower levels of triglyceride, total 

cholesterol and LDL cholesterol, and higher levels of folate than the sedentary participants. The analysis of the alleles of 

the MTHFR C677T polymorphism showed that the participants that carried TT genotypes had a lower level of vitamin 

B12 and folate, and a higher level of Hcy than the participants carrying CC and CT genotypes. In conclusion, the 

baseline homocysteine and cardiovascular fitness levels of healthy young males with the TT genotypes of the MTHFR 

C677T genotype were found to strongly correlate with their levels of Hcy. 
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Introduction 
Homocysteine (Hcy) is a sulfur-containing 

amino acid found in nutritional protein and 

formed as an intermediate product of the 

methionine metabolism. Elevated plasma total 

Hcy concentration is an independent risk factor 

for coronary ischemic diseases, a stroke, vascular 

diseases and venous thrombosis (Husemoen et al., 

2006; Mennen et al., 2002; Rasmussen et al., 2000). 

Life factors that were found to affect Hcy levels 

include age, sex, diet, plasma folate, vitamin B6, 

vitamin B12, smoking, consumption of coffee, tea 

and alcohol, and physical activity (Rasmussen et 

al., 2000; Husemoen et al., 2006).  

 

 

In addition to these important factors, 

there is the 5,10-methylenetetrahydrofolate 

reductase enzyme (MTHFR, EC 1.5.1.20) which is 

the genetic marker of the Hcy metabolism 

(Husemoen et al., 2004). The MTHFR enzyme is 

associated with an elevated total plasma Hcy 

concentration and an increased cardiovascular 

risk. MTHFR plays an important role in the 

formation of the methyl donor 5-methyl-

tetrahydrofolate for the DNA methylation and 

remethylation of Hcy to methionine and S-

adenosyl methionine (Andreassi et al., 2003). 

There are 14 mutations of MTHFR. One important  
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mutation is the C677T polymorphism (Weisberg 

et al., 1998) which is associated with reduced 

MTHFR enzyme activity (Andreassi et al., 2003). 

The 5,10-methylene-tetrahydrofolate enzyme 

bound to flavin adenine dinucleotide (FAD) 

irreversibly catalyzes the formation of 5-

methyltetrahydrofolate from the 5,10-

methyltetrahydrofolate, the methyl donor in the 

Hcy methionine remethylation (Klerk et al., 2002; 

Ueland et al., 2001). This enzyme is positioned at a 

metabolic crossroads and directs the folate pool in 

the metabolism towards Hcy remethylation rather 

than the DNA and RNA biosynthesis. The 

enzyme activity is reduced in individuals with C-

T substitution in the 677 gene and these 

individuals have a higher level of Hcy (Fletcher 

and Kessling, 1998) and a lower level of folate 

(Klerk et al., 2002).  

People with the homozygote TT genotype 

have a higher level of plasma Hcy than those with 

the heterozygote CT or homozygote CC genotype 

(Pullin et al., 2002). However, the relationship 

between the MTHFR polymorphism and vitamin 

B and total Hcy can vary. Vitamin deficiency is 

associated with a higher level of Hcy in people 

carrying the TT genotype than those carrying the 

CC or CT genotype (Husemoen, 2004). Andreassi 

et al. (2003) compared the CC and CT genotypes 

with the TT genotype in 44 angiographic patients 

and found higher Hcy levels in the TT genotype. 

In a study by Klerk et al. (2002), the experimental 

group consisted of 11,162 participants and the 

control group of 12,758. For both groups, 

participants carrying the CC genotype were found 

to have a higher level of Hcy and a lower level of 

folate than those carrying the TT or CT genotype.  

Fortunato et al. (2007) conducted a study 

with 54 male and 46 female participants aged 

from 20 to 30, who exercised 3 to 4 times a week. 

Significant differences were found between males 

and females in relation to the levels of creatine, 

hemoglobin, hematocrit, HDL cholesterol, 

triglyceride and fibrinogen. Of the females who 

exercised regularly, those carrying the 

homozygote TT genotype of the MTHFR C677T 

polymorphism were found to have a lower level 

of hemoglobin than those carrying the CC or CT 

genotype. Dankner et al. (2007) found that Hcy 

levels were significantly higher in the sedentary 

population than in subjects who participated in 

regular physical activity. In both genders, the Hcy  

 

 

levels of the participants were lower in those who 

carried the CC homozygote genotype when 

compared to those carrying the CT and TT 

genotype. In terms of physically active subjects, a 

negative correlation was only found between Hcy 

levels in the homozygote TT genotype of the 

MTHFR C677T polymorphism.  

These results indicated that age, sex, diet 

and different types and intensity of exercise have 

distinct effects on the independent cardiovascular 

risk factors, particularly on the Hcy metabolism. 

The effects of these variables can vary with the 

unique genetic make-up of an individual. 

Therefore, the primary objective of this study was 

to investigate athletic performance and 

homocysteine levels in relation to the MTHFR 

C677T mutation and to explore the relationship 

between this mutation and other cardiac risk 

factors. The secondary objective was to determine 

which alleles of the MTHFR C677T polymorphism 

were associated with high levels of Hcy, total 

cholesterol, LDL, HDL, triglyceride and 

hemoglobin. 

Material and Methods 

Participants 

The participants in the study consisted of 96 

randomly selected men (n= 96) aged from 18 to 27. 

Half the participants (n=48) played soccer in an 

A2 team of the Turkcell Super League and Bank 

Asya Major League in Turkey. The remaining 48 

participants were students from the School of 

Physical Education and Sports. The study was 

approved by the Ethics Committee at the Faculty 

of Medicine, Celal Bayar University. All the 

participants completed a medical history 

inventory form and signed the informed consent 

form that explained the objectives and risks of the 

study. None of the participants had a history of 

hypertension, coronary heart disease, anemia and 

diabetes.  

Measures 

Anthropometric measurements, aerobic 

threshold (AT), anaerobic threshold (ANT) and 

biochemical blood tests were obtained from all the 

participants and analyzed. The biochemical tests 

were conducted from venous blood samples taken 

from the participants between 08:00 and 10:00 

a.m. following a 12 h fast. The biochemical tests 

consisted of the analysis of total cholesterol, HDL 

cholesterol, LDL cholesterol, triglyceride, Hcy,  
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folate, vitamin B12, hemogram and MTHFR 

C677T mutation. 

Body mass and fat free mass (FFM) were 

measured using Tanita Bioelectrical Impedance 

Analysis technology (Tanita 300 MA, Tanita C.O., 

Tokyo – Japan). The body mass index was 

calculated from the participants’ height and body 

mass according to the following formula: BMI = 

Body mass (kg) / [height (m)] 2. 

Measurement of Aerobic Threshold and Anaerobic 

Threshold Rates 

The test protocol (Borch, 1993) comprised a 

standard warm-up at 8 km/h on a 20x40 

rectangular grass field followed by an exercise 

consisting of 5 min laps, each lap followed by an 

increase in pace of 1.2 km/h with 1 min passive 

rest intervals, until voluntary exhaustion, after 

which there was 15 min of passive rest. Then, the 

participants completed a 40-m shuttle run with 

their speed monitored using an audio signal every 

20 m. If a participant missed the first signal and 

caught the second, the test continued. If a 

participant missed both signals and was too tired 

to maintain the pace, the test was terminated for 

that participant. Following each lap, the 

participant’s heart rate (HR) was monitored using 

an HR monitor (Sportstester PE300, Germany), 

and blood samples were taken from their fingertip 

to measure lactate concentration. The total 

duration of the test including shuttle runs and rest 

periods in which blood lactate measurements 

were taken, lasted 30 to 40 min.  

Total blood lactate was measured using a YSI 

1500 SPORT model lactate analyzer (Yellow 

Springs Instruments Incorp, USA). The AT and 

ANT rates (km/h) were calculated from the rate-

lactate diagram using interpolation or 

extrapolation. The calculation of the AT and ANT 

rates, values of the HR and lactate recorded 

following each lap were entered in the diagram 

corresponding to the rate in a given lap. The rate 

corresponding to the 2 mM lactate value was 

ATVL, the heart rate corresponding to this value 

was the ATHR, the rate corresponding to the 4 

mM lactate value was ANTVL and the heart rate 

corresponding to this value was the anaerobic 

threshold heart rate (ANTHR).  

Blood Collection and Biochemical Analysis  

Following a 12 h fast, between 08:00 and 10:00 

a.m blood was collected from the veins of the 

forearm of the participants, and stored in a red  

 

 

top test tube (flat tube) and a purple test tube 

(EDTA-containing tube). The red test tube that 

did not contain anticoagulant was used for the 

analysis of serum total cholesterol, triglyceride, 

HDL cholesterol, Hcy, folate and vitamin B12. The 

blood was centrifuged and the serums were 

separated from the cells to be analyzed. The blood 

specimen in the purple test tube containing the 

hemogram EDTA was analyzed on the same day 

using the blood cell count machine. For the 

MTHFR C677T mutation and analysis, DNA 

samples were obtained from the EDTA-containing 

blood samples through DNA extraction using 

DNA isolation kits, and stored at -80°C. The DNA 

samples were amplified using a thermal cycler 

(Applied Biosystems 2720, USA). 

Statistical Analysis 

The statistical analyses were performed with 

the SPSS 15 package program, working under 

Windows XP. A Student’s t test was used to 

evaluate the probable difference between the 

independent variables. A Kruskall Wallis analysis 

was used to determine the statistical difference 

between the physical, physiological and 

anthropometric measurements of the participants 

according to the alleles of the MTHFR C677T 

polymorphism. The significance level used 

throughout the study was set at 0.05. 

Results 

The comparison of the results of the two 

groups from the Student’s t test showed a 

statistical difference in terms of age (p=0.01), body 

mass (p=0.002), the body fat index (p=0.01) and 

the BMI (p=0.01); however, there was no statistical 

difference in the heights of the soccer players and 

sedentary participants. Table 1 presents the 

results of the Student’s t test in terms of the 

physiological and biochemical variables of the 

two groups of participants. 

The Student’s t test analysis showed that there 

was no statistical difference between the 

physiological measurements of the two groups in 

terms of the results of the ANTHR variable; 

however, a statistical difference was found 

between the ATHR, ATVL and ANTVL (p<0.05). 

For the biochemical differences, the results of the 

Student’s t test analysis revealed no statistical 

difference between the two groups in terms of the 

levels of HDL cholesterol, vitamin B12, Hcy and 

hemoglobin (p>0.05); however, there was a  
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statistical difference between the groups in terms 

of triglyceride, total cholesterol, LDL cholesterol 

and folate (p<0.05). 

Table 2 presents the results of the Kruskall-

Wallis test that explored the differences between 

the alleles of the MTHFR C677T polymorphism. 

 The analysis of the physical and 

anthropometric differences using the Kruskall-

Wallis test showed that there was no significant 

difference between the alleles of the MTHFR 

C677T polymorphism in terms of the results of  

 

body height, mass, BMI and FFM measurements 

(p>0.05); however, a statistical difference was 

found between fat percentages and age (p<0.05). 

The Kruskall-Wallis test was used to identify 

statistical differences between the alleles of the 

MTHFR C677T polymorphism in relation to the 

intensity of exercise, biochemical measurements  

and the HR that was measured during AT and 

ANT tests (Table 3). 

 

 

 

 

Table 1  

The results of physiological and biochemical measurements obtained  

from the soccer players and the sedentary group 
Group Sedentary 

(n=48) 

Soccer Players 

(n=48) 

p  

 

ATHR 155.41±15.63 161.68±9.07 0.02* 

ATVL 8.30±1.24 10.31±0.94 0.00* 

ANTHR 174.12±12.36 177.58±8.00 0.11 

ANTVL 10.17±1.36 12.27±0.88 0.00* 

Triglyceride (mg/dl) 105.22±75.76 7.20±33.52 0.01* 

Total Cholesterol (mg/dl) 166.18±29.39 153.26±25.4 0.03* 

HDL Cholesterol (mg/dl) 37.64±7.21 40.11±8.97 0.15 

LDL Cholesterol (mg/dl) 107.56±23.77 98.31±19.35 0.04* 

Vitamin B12 (pg/ml) 203.89±88.95 192.97±76.37 0.53 

Folate (ng/ml) 3.64±1.30 4.53±2.48 0.03* 

Homocysteine (μmol/L) 16.99±13.28 13.93±6.81 0.17 

Hemoglobin (g/dL) 14.63±0.73 14.53±0.95 0.56 

*Data is shown as a mean±standard deviation.  

The intergroup analysis was carried out using the Student’s t test. *p<0.05 

 

 

 

 

Table 2  

The results of physical and anthropometric measurements 

 according to the alleles of the MTHFR C677T 
 CC 

(n=45) 

Mean Rank 

CT 

(n=40) 

Mean Rank 

TT 

(n=11) 

Mean Rank 

Chi-

Square 

p 

 

Age 41.13 56.03 51.27 6.27 0.04* 

Height (cm) 50.50 48.09 41.82 0.87 0.64 

Body mass (kg) 45.19 50.58 54.50 1.36 0.50 

%Fat 40.07 55.48 57.64 7.81 0.02* 

BMI (kg/cm) 44.46 51.05 55.77 2.03 0.36 

FFM (kg) 49.19 46.94 51.36 0.27 0.87 

The intergroup analysis was undertaken using the Kruskall-Wallis test. *p<0.05. 

 

 

 



by Nurten Dinç et al.  65 

© Editorial Committee of Journal of Human Kinetics 

 

 

 

Table 3 

The results of biochemical measurements according  

to the alleles of the MTHFR C677T polymorphism. 
 CC 

(n=45) 

Mean Rank 

CT 

(n=39) 

Mean Rank 

TT 

(n=11) 

Mean Rank 

Chi-

Square 

p 

 

ATHR 53.22 44.00 45.55 2.46 0.29 

ATVL 58.79 38.19 43.91 11.97 0.00* 

ANTHR 52.97 45.06 42.73 2.24 0.32 

ANTVL 58.62 38.81 42.32 11.33 0.00* 

Triglyceride (mg/dl) 46.14 45.88 54.32 0.91 0.63 

Total Cholesterol (mg/dl) 46.28 47.83 47.00 0.06 0.96 

HDL Cholesterol (mg/dl) 49.25 45.08 44.64 0.58 0.74 

LDL Cholesterol (mg/dl) 46.27 47.53 43.86 0.16 0.92 

Vitamin B12 (pg/ml) 47.94 54.59 17.00 16.65 0.00* 

Folate (ng/ml) 52.18 49.01 19.32 13.40 0.00* 

Homocysteine (μmol/L) 42.97 43.09 81.27 19.10 0.00* 

Hemoglobin (g/dL) 41.76 51.47 61.23 5.47 0.06 

The intergroup analysis was carried out using a Kruskal-Wallis analysis. *p<0.05. 

 

 

 

 

 

Analysis of the physiological differences using 

the Kruskall-Wallis test showed no significant 

difference between the alleles of the MTHFR 

C677T polymorphism in terms of the results of the 

ATHR and ANTHR (p>0.05); however, there was 

a statistically significant difference between ATVL 

and ANTVL (p<0.05). 

There was no significant difference between 

the genotypic values of triglyceride, total 

cholesterol, HDL cholesterol LDL cholesterol and 

hemoglobin values in the MTHFR C677T 

polymorphism. On the other hand, the results of 

the current study indicated a significant decrease 

in vitamin B12 and folate in the TT allele group, 

and a significant increase in Hcy in the TT allele 

group. 

Discussion 

The physical and physiological variables 

of our participants indicated that, as expected, the 

physical and physiological variables of  

 

professional soccer players namely body mass, a 

body fat index, a BMI, aerobic and anaerobic 

thresholds were significantly higher than that of 

the sedentary population. In addition, when the 

anthropometric characteristics of our soccer 

players were compared with their national level 

French counterparts (Zouhal et al., 2013), the 

athletes in the current study were significantly 

taller, thinner and had a lower fat content. This 

also supports the generalization of the data taken 

from soccer players of the current study. 

The idea that baseline cardiovascular 

fitness could be negatively associated with Hcy 

levels in healthy adolescents prompted us to 

study the relationship between athletic 

performance, homocysteine and polymorphisms 

of genes encoding homocysteine metabolism-

related enzymes. Therefore, we investigated the 

relationship between variables of physical 

performance and the polymorphism of the 

MTHFR gene which regulates plasma  
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homocysteine concentration. The results of our 

study indicated that there was no statistically 

significant difference between the soccer players 

and healthy sedentary men in terms of HDL 

cholesterol, vitamin B12, hemoglobin and Hcy 

levels. On the other hand, Hcy values of the two 

groups should be carefully evaluated. According 

to Refsum et al. (1998), the reference value for 

total Hcy is 5–15μmol/L in adults. In the current 

study, the average Hcy level of the soccer players 

was found to be 13.9 μmol/L and 16.9 μmol/L for 

the control group, which exceeded the reference 

level for Hcy and could be classified as a mild 

hyperhomocysteinemia (Heijer et al., 1998). The 

baseline homocysteine level and cardiovascular 

fitness levels of the participants may be the factors 

that determine the effects of exercise on the Hcy 

metabolism. Okura et al. (2006) showed that 

twenty weeks of aerobic training reduced Hcy in 

individuals with baseline hyperhomocysteinemia, 

however, Hcy slightly increased in individuals 

with a normal baseline level Hcy. Furthermore, in 

a recent study, Ruiz et al. (2007b) found that 

baseline cardiovascular fitness was negatively 

correlated with Hcy levels in female adolescents 

after monitoring  for potential confounders 

including the methylenetetrahydrofolate 

reductase (MTHFR) 677 C>T genotype. In 

addition, the non-existence of 

hyperhomocysteinemia in the athletic population 

can be explained by their regular training and 

assumed intake of ergogenic supplements, such as 

folate and vitamin B12 (Heijer et al., 1998; Earnest 

et al., 2003; Molina-Lopez, 2013). This was 

supported by our statistical analysis in which 

elevated folate levels were found to be 

significantly higher in soccer players than in the 

sedentary group.  

Hyperhomocysteinemia can also occur as 

a result of genetic deficiencies in the enzymes of 

the Hcy metabolism, e.g. the MTHFR enzyme. 

The results of the current study showed a 

statistically significant difference between the 

MTHFR C677T polymorphism and the levels of 

Hcy, vitamin B12 and folate. The participants 

carrying the TT allele of the MTHFR C677T 

polymorphism had a lower level of vitamin B12 

and folate than the participants carrying the CC 

and CT alleles. On the other hand, the Hcy levels 

were found to be higher in the participants 

carrying the TT allele of the MTHFR C677T  

 

 

polymorphism than those carrying the CC and CT 

alleles. The results of the current study are in 

agreement with those of other studies by Pullin et 

al. (2002), Husemoen (2004) and Klerk et al. 

(2002).  

Very few homozygous individuals were 

found in the present study which was very similar 

to the distribution of the various polymorphisms 

of the MTHFR C677T enzyme in Gutierrez Revilla 

et al.’s (2004) research. The CC, CT, and TT 

genotype frequencies of our participants were 

46.87, 40.62 and 14.45%, respectively. The results 

of our study indicated that there were significant 

differences between the alleles of the MTHFR 

C677T polymorphism in terms of the results of the 

Hcy level, vitamin B12, folate, fat percentage, as 

well as ATVL and ANTVL variables. The Hcy 

level was 61% in the TT genotype, which was 

significantly higher than that of the CC and CT 

genotypes of healthy young men. The velocity 

attained during aerobic and anaerobic threshold 

tests in the homozygous CC group was efficient 

compared to the other two genotype groups. To 

our knowledge, this data is the first to show the 

relationship between the MTHFR C677T 

polymorphisms and performance variables such 

as the aerobic and anaerobic threshold rate in an 

elite athletic population. Nevertheless, the 

physical activity level and cardiovascular 

variables are the most investigated in terms of 

their relationship with MTHFR C677T 

polymorphisms (Lemitsu et al., 2010). A similar 

outcome was reported by Dankner et al. (2007), 

who found physical activity to be independently 

associated with lower Hcy levels. In addition, 

homozygotes for the TT genotype were found to 

have Hcy concentrations 16% higher than those of 

the homozygote CC genotype individuals, 

controlling for B12 and folate plasma levels as 

well as demographic and lifestyle characteristics. 

Furthermore, Ruiz et al. (2007b) investigated Hcy 

levels in female adolescents and found that the 

average levels were significantly higher in the CC 

and CT genotypes of the MTHFR C677T 

polymorphism when compared with the TT 

genotype. On the other hand, the average Hcy 

levels in male adolescents of the same study were 

found to be significantly higher in the CT and TT 

genotypes when compared to the CC genotype of 

the MTHFR polymorphism. Also, it was found 

that there was a significant correlation between  
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cardiovascular fitness and the levels of Hcy in 

female adolescents who had the MTHFR C677T 

polymorphism. Contrary to our findings, in 

another study that analyzed the MTHFR 677C>T 

genotype in children and adolescents, the authors 

did not observe a correlation between physical 

activity, fitness, body fat ratios and Hcy levels 

(Ruiz et al., 2007a). In a review article, Hagberg et 

al. (2011) used very fit subjects as an evolutionary 

“control group” and  proposed that higher 

cardiovascular fitness levels protected against the 

effects of the high-risk MTHFR TT genotype on 

carotid stiffness. They also implied that the 

cardiovascular risk genotype expressed itself only 

when the environmental trigger of low 

cardiovascular fitness was present. 

With regard to other variables of the 

current study, no statistically significant 

differences were found between the MTHFR 

C677T polymorphism and the levels of 

hemoglobin, total cholesterol, HDL cholesterol 

and LDL cholesterol. On the contrary, Fortunato 

et al. (2007) carried out a study including healthy 

female participants who engaged in regular 

exercise and those carrying the homozygote TT 

genotype of the MTHFR C677T polymorphism 

were found to have a lower level of hemoglobin 

than subjects with the CC and CT genotypes. 

Also, Gil-Prieto et al. (2009) found that the 

prevalence of hyperhomocysteinemia was seen to 

increase with the MTHFR C677T mutant allele. In 

addition to the TT polymorphism, a serum folate 

and HDL deficit reduces the ability to metabolize 

homocysteine. The existence of the genotype TT  

 

 

of the MTHFR gene and higher Hcy values 

showed significantly higher values of plasma 

HDL-C. Westerbuch et al. (2001) explained the 

Hcy increase with the homocysteine-induced 

endoplasmic reticulum stress that was connected 

to important regulatory proteins of cholesterol 

and triglyceride synthesis and uptake. The reason 

for the controversy between literature and our 

study in terms of blood lipids and the MTHFR 

polymorphism could be the Hcy characteristics of 

the study populations. In the literature, most of 

the studies (Gil-Prieto et al., 2009; Westerbuch et 

al., 2001) were carried out in a hyperhomocystenic 

population. On the other hand, the Hcy range of 

our study was broad, as soccer players were 

found to be in the normal range of Hcy values; 

however, the sedentary group could be classified 

as having mild hyperhomocysteinemia. Zhang et 

al. (2010) also showed that there were effects on 

their populations in terms of the relationship 

between the allelic frequencies of MTHFR C677T 

and serum TC, TG and LDL-C levels.  

Conclusion 

Significant differences were found 

between the alleles of the MTHFR C677T 

polymorphism in terms of the Hcy level, vitamin 

B12, folate, the fat percentage, aerobic and 

anaerobic threshold rates. To our knowledge, this 

data is the first to show the relationship between 

the MTHFR C677T polymorphisms and 

performance variables such as the aerobic and 

anaerobic threshold rate. 
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