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MTHFR activity under physiological conditions.8 This mutation occurs 
in exon 4 of MTHFR and causes hyperhomocysteinemia by increasing 
enzyme thermolability and reducing enzyme activity.9 A previous study 
elucidated that hyperhomocysteinemia is an independent predictor of 
atherosclerosis progression, leading to vascular diseases by affecting 
both the clotting system and the vascular endothelium.10 It has been 
reported that the c.677C>T variant of MTHFR is associated with an 
increased risk of cardiovascular disease, cancer, and male infertility.11–14 
However, little is known about the genetic effect of the MTHFR C677T 
polymorphism on sexual function. Few studies have demonstrated 
the association between the MTHFR c.677C>T variant and ED risk,6 
and the role of the C677T polymorphism in relation to the risk of ED 
has not been examined in a study with a relatively large sample size.6 
The aim of this study was to investigate the association between the 
MTHFR C677T polymorphism and the risk of ED.

PARTICIPANTS AND METHODS
Participants
A total of 1254 participants from the andrology clinic undergoing 
fertility evaluation at The First Affiliated Hospital of University of 

INTRODUCTION
Erectile dysfunction (ED) refers to an inability to attain or maintain an 
erection that is sufficient for satisfactory sexual intercourse.1 ED is often 
present in adult men, with a prevalence of 12%–19% in reproductive age.2 
Multiple pathogenetic mechanisms, including vasculogenic, neurogenic, 
and psychogenic factors, are involved in ED, of which vasculogenic is 
the most common form.3 Cardiovascular risk factors such as lifestyle, 
hypertension, diabetes, and dyslipidemia play a major role in vascular 
ED.4 Recently, increased serum homocysteine (Hcy) concentration 
(hyperhomocysteinemia) has also been associated with ED.5

Increasing evidence has shown that genetic risk factors contribute 
to the development of ED.6 Thus, identifying genetic risk factors 
might improve the understanding of the pathogenic molecular basis 
for ED. The methylenetetrahydrofolate reductase (MTHFR) gene, 
which is localized on chromosome 1 (1p36.3) and is composed 
of 11 exons, encodes an enzyme that catalyzes the conversion of 
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate.7 The most 
common single-nucleotide variant of the MTHFR gene is c.677C>T in 
humans. Each copy of the MTHFR 677T allele causes a 35% reduction in 
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Science and Technology of China (Hefei, China) from May 2021 to 
March 2022 were recruited for this cross-sectional study (Figure 1). 
The participants who completed the questionnaire were included. The 
exclusion criteria were as follows: (1) men whose age was 50 years or 
over; (2) men with hypertension, hyperlipidemia, and diabetes; or 
(3) men with a history of urogenital infections and varicocele. All 
participants underwent a physical examination by an andrologist. This 
study was approved by the Ethical Committee of The First Affiliated 
Hospital of University of Science and Technology of China Ethical 
Committee (Approval No. 2021-RE-064). Written informed consent 
was obtained from all subjects before data collection.

Questionnaires and erectile function assessment
All participants in the current study completed a questionnaire that 
included questions about demographic characteristics (age, height, 
weight, educational status, and duration of infertility), lifestyle factors 
(drinking and smoking), and medical history (cryptorchidism, 
varicoceles, testicular cancer, hypertension, hyperlipidemia, and 
diabetes). In addition, erectile function was assessed using the Chinese 
version of the International Index of Erectile Function-5 (IIEF-5) 
questionnaire, which mainly covers the conditions of erection confidence, 
erection hardness, maintenance ability, maintenance frequency, and 
intercourse satisfaction, with the total score ranging from 1 to 25.15 The 
IIEF-5 questionnaire was self-completed by each participant to reduce 
possible influence from physicians. According to the IIEF-5 score, ED was 
categorized as follows: no symptoms (22–25), mild symptoms (17–21), 
moderate symptoms (12–16), and severe symptoms (1–11).

MTHFR c.677C>T variant measurements
All participants were asked to provide a venous blood sample at the 
time of entry into this study. Total genomic DNA was extracted using 
a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). The MTHFR 
c.677C>T variant (rs1801133) was detected by fluorescence polymerase 
chain reaction (PCR) according to the manufacturer’s protocol (Talde 
Medical Group, Shenzhen, China).

Statistical analyses
Body mass index (BMI) was calculated as weight in kilograms divided 
by height in meters squared. According to the IIEF-5 score, two groups 
were defined, i.e., the ED and non-ED groups. Qualitative variables are 
reported as frequencies, and quantitative variables are reported as mean 
± standard deviation (s.d.). For comparisons between the two groups, 
Student’s t-test was used for parametric continuous data, and Pearson’s 
Chi-squared test was used for categorical data. Logistic regression was 
used to analyze the association between ED and the MTHFR C677T 

polymorphism. Two models were used in this study: a crude model and an 
adjusted model. The covariates in the adjusted model included age, BMI, 
drinking, smoking, education, and duration of infertility. All tests were 
two-sided and performed using GraphPad Prism 9.0 (GraphPad Software, 
San Diego, CA, USA). P < 0.05 was considered statistically significant.

RESULTS
A total of 1254 men (mean [s.d.] age: 30.9 [4.4] years) were recruited for this 
study (Table 1). Based on the IIEF-5 score, the participants were divided 
into two groups: the ED group (n = 738) and the non-ED group (n = 516). 
There was no difference in age between the ED group (mean [s.d.] age: 30.9 
[4.5] years) and the non-ED group (mean [s.d.] age: 31.0 [4.3] years; P = 
0.76). BMI was slightly but not significantly higher in the non-ED group. 
Lifestyle factors, including smoking and drinking, were similar in the two 
groups. Interestingly, a higher education level was found in the non-ED 
group (P < 0.001), which is in line with the findings of a previous study.16 
In addition, no significant difference in the genotypic frequency of the 
MTHFR C677T polymorphism (CC, CT, and TT) was observed between 
the ED and non-ED groups (P = 0.17). Given that different MTHFR 
enzyme activity levels have been reported among the three MTHFR 
polymorphisms, we further confirmed that the level of serum Hcy was 
higher in men with the MTHFR 677TT polymorphism than that in men 

Figure 1: Flowchart of the study population.

Table  1: Characteristics and descriptive statistics of the whole cohort

Clinical characteristic Total 
participants 
(n=1254)

ED group 
(n=738)

Non‑ED 
group (n=516)

P

Age (year), mean±s.d. 30.9±4.4 30.9±4.5 31.0±4.3 0.76

Age (year), n (%) 0.46

<30 499 (39.8) 285 (38.6) 214 (41.5)

30–39 688 (54.9) 410 (55.6) 278 (53.9)

≥40 67 (5.3) 43 (5.8) 24 (4.6)

BMI (kg m−2), mean±s.d. 24.6±3.6 24.4±3.8 24.8±3.4 0.07

Alcohol status, n (%) 0.76

Nondrinker 580 (46.3) 344 (46.6) 236 (45.7)

Drinker 674 (53.7) 394 (53.4) 280 (54.3)

Smoking status, n (%) 0.30

Nonsmoker 695 (55.4) 400 (54.2) 295 (57.2)

Smoker 559 (44.6) 338 (45.8) 221 (42.8)

Education level, n (%) <0.001

Primary school 30 (2.4) 29 (3.9) 1 (0.2)

Junior high school 275 (21.9) 185 (25.1) 90 (17.4)

High school 216 (17.2) 143 (19.4) 73 (14.2)

College/university 733 (58.5) 381 (51.6) 352 (68.2)

Duration of infertility, 
n (%)

0.26

<1 year 606 (48.3) 344 (46.6) 262 (50.8)

1 year 326 (26.0) 190 (25.8) 136 (26.4)

2–3 years 172 (13.7) 111 (15.0) 61 (11.8)

>3 years 150 (12.0) 93 (12.6) 57 (11.0)

MTHFR C677T 
polymorphism, n (%)

0.17

CC 372 (29.7) 204 (27.7) 168 (32.6)

CT 602 (48.0) 364 (49.3) 238 (46.1)

TT 280 (22.3) 170 (23.0) 110 (21.3)

IIEF‑5 score, 
median (IQR)

21 (18–23) 18 (16–20) 23 (23–24) <0.001

P values were derived from Pearson’s Chi‑square test and Student’s t‑test. ED: erectile 
dysfunction; BMI: body mass index; MTHFR: methylenetetrahydrofolate reductase; 
s.d.:  standard deviation; IQR: interquartile range; IIEF‑5: International Index of Erectile 
Function‑5; CC: MTHFR 677CC polymorphism; CT: MTHFR 677CT polymorphism; 
TT: MTHFR 677TT polymorphism
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with the 677CC or 677CT polymorphisms (Supplementary Table 1), 
although the number of cases was relatively low. A higher frequency of 
the MTHFR 677T allele was observed in our participants than that in 
general population from central China17 (Supplementary Table 2). The 
clinical characteristics of participants stratified by C677T polymorphisms 
are summarized in Supplementary Table 3.

A binary logistic regression analysis for the association between 
ED and education level, duration of infertility, and MTHFR C677T 
polymorphism is shown in Table 2. Compared with the reference group 
(college/university), men with a lower education level (primary school, 
junior high school, and high school) had a higher risk of ED (odds ratio 
[OR] = 1.81, P < 0.001; OR = 1.90, P < 0.001; OR = 26.79, P = 0.001; 
respectively). In addition, there was no significant association between 
ED and the duration of infertility (P = 0.26). Both crude and adjusted 
models showed that the risk of ED was not significantly associated 
with the C677T polymorphism (crude, CT vs CC [P = 0.08], TT vs 
CC [P = 0.13]; adjusted, CT vs CC [P= 0.16], TT vs CC [P = 0.19]).

We further investigated the relationship between the frequency 
distribution of MTHFR C677T polymorphisms and levels of ED severity 
(IIEF-5 score: 1–11, severe; 12–16, moderate; and 17–21, mild). A 
significantly higher frequency of homozygous 677TT was found in 
severe and moderate ED (P = 0.02; Table 3). No significant difference in 

ED severity was found between men with MTHFR 677CT (P = 0.10) and 
677TT polymorphisms (P = 0.27). The positive correlation between the 
MTHFR 677TT polymorphism and severe ED was confirmed by logistic 
regression analysis, even after adjusting for potential confounders 
(ED crude, OR = 2.55, 95% confidence interval [CI]: 1.21–5.56, P = 0.02; 
ED adjusted, OR=2.46, 95% CI: 1.15–5.50, P = 0.02; Figure 2).

DISCUSSION
ED is one of the most common disorders of male sexuality, affecting 
millions of adult men all over the world. New-onset ED affects 
approximately 10% of men of reproductive age and is associated with a 
significantly increased risk of vasculogenic diseases.18,19 A recent study 
showed that MTHFR c.677C>T alteration was an independent risk 
factor for vascular endothelial dysfunction and ED.10 In the current 
study, we focused on evaluating the relationship between MTHFR 
C677T polymorphisms and ED severity in a relatively large sample of 
men attending a clinic for fertility assessment. Our study confirmed 
that severe ED is significantly associated with the 677TT polymorphism 
of MTHFR but showed no significant association between ED and the 
MTHFR 677CC or 677CT polymorphisms.

Epidemiological studies have reported that the prevalence of ED 
is more than 50% in men between 40 and 70 years20,21 and from 15% 
to 72% in men below 40 years.22 A meta-analysis showed that the total 
prevalence of ED in men was approximately 50%, with a prevalence 
of 20%–40% before the age of 50 years in China.23 Although the 
prevalence of ED has an age basis, differences in the patient populations 
may also explain the differences in the percentages. For example, the 
prevalence of ED was 42% in nondiabetic young obese men from a 
primary care-based cohort.24 Other studies reported a prevalence of 
50.8%–61.6% in men in infertile couples using the IIEF-5.25,26 In this 
study, approximately 95% of the participants were younger than 40 
years of age, and more than 50% of the participants were recruited 
from the male partners of couples with at least 1 year of infertility. As 
expected, the ED prevalence was 58.9% in our study population, which 
is in line with the findings of previous studies using similar enrollment 
criteria.25,26 The higher ED prevalence probably reflects an increased 

Table  2: Logistic regression analyses for erectile dysfunction and 
education, duration of infertility, and methylenetetrahydrofolate 
reductase C677T polymorphism

Clinical characteristic
Crude Adjusted

OR (95% CI) P OR (95% CI) P

Education level

Primary school 26.79 (5.69–
478.4)

0.001 ‑ ‑

Junior high school 1.90 (1.42–2.55) <0.001 ‑ ‑

High school 1.81 (1.32–2.50) <0.001 ‑ ‑

College/university Reference ‑ ‑ ‑

Duration of infertility

<1 year Reference ‑ ‑ ‑

1–2 years 1.06 (0.81–1.40) 0.66 ‑ ‑

2–3 years 1.39 (0.98–1.98) 0.07 ‑ ‑

>3 years 1.24 (0.86–1.80) 0.25 ‑ ‑

MTHFR C677T 
polymorphism

CC Reference ‑ Reference ‑

CT 1.26 (0.97–1.64) 0.08 1.21 (0.93–1.59) 0.16

TT 1.27 (0.93–1.75) 0.13 1.24 (0.90–1.71) 0.19

Adjusted for age, BMI, drinking, smoking, education, and duration of infertility. ‑ : no 
value; BMI: body mass index; MTHFR: methylenetetrahydrofolate reductase; OR: odds 
ratio; CI: confidence interval; CC: MTHFR 677CC polymorphism; CT: MTHFR 677CT 
polymorphism; TT: MTHFR 677TT polymorphism

Table  3: Frequency distribution of methylenetetrahydrofolate reductase 
C677T polymorphisms according to the International Index of Erectile 
Function‑5 score

IIEF‑5 score 
range

Total (n=1254) CC (n=372) CT (n=602) TT (n=280)

1–11, n (%) 61 (4.9) 12 (3.2) 29 (4.8) 20 (7.1)

12–16, n (%) 174 (13.9) 50 (13.4) 81 (13.5) 43 (15.4)

17–21, n (%) 503 (40.1) 142 (38.2) 254 (42.2) 107 (38.2)

22–25, n (%) 516 (41.1) 168 (45.2) 238 (39.5) 110 (39.3)

P values were derived from Pearson’s Chi‑square test. P (CC vs CT) = 0.10; P (CC vs 
TT) = 0.02; P (CT vs TT) = 0.27. MTHFR: methylenetetrahydrofolate reductase; IIEF‑5: 
International Index of Erectile Function‑5; CC: MTHFR 677CC polymorphism; CT: MTHFR 
677CT polymorphism; TT: MTHFR 677TT polymorphism

Figure 2: Logistic regression for the association between the MTHFR C677T 
polymorphism and ED severity. ED-adjusted model, adjusted for age, 
BMI, drinking, smoking, education, and duration of infertility. ED: erectile 
dysfunction; MTHFR: methylenetetrahydrofolate reductase; CC: MTHFR 
677CC polymorphism; CT: MTHFR 677CT polymorphism; TT: MTHFR 677TT 
polymorphism; OR: odds ratio; CI: confidence interval.
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risk of sexual dysfunction due to the cohort being recruited from men 
who seek fertility assessment.2

Previous studies have shown that individual differences in human 
sexual behavior can be heritable.6,27 The candidate gene approach is 
widely used to explore the relationship between sexual function and 
genetic polymorphisms. Notably, the association of several candidate 
genetic polymorphisms and ED risk has been reported.6 Endothelial 
nitric oxide synthase (eNOS) is a key regulator of vascular function, 
and its G894T polymorphism is associated with an increased risk 
of ED.28 Another gene, angiotensin converting enzyme (ACE), also 
plays an essential role in the renin/angiotensin system, and its DD 
polymorphism (deletion of a 287-bp sequence of DNA in intron 22) 
was more frequent in men with vascular ED.29 However, a meta-analysis 
including 1039 ED patients and 927 healthy controls concluded that 
the D polymorphism in the ACE gene was not associated with an 
increased risk of ED.30 In addition to eNOS and ACE, the prevalence 
of the MTHFR 677TT polymorphism is higher in patients with 
vascular ED than that in those without vascular ED (15.8% vs 11.4%).10 
Mutation of MTHFR with the C to T substitution at nucleotide 677 
causes the impairment of vascular smooth muscle cell and endothelial 
cell function by increasing plasma Hcy levels and intima-media 
thickening by decreasing blood flow in the erectile tissue of the 
corpora cavernosa.31 The association between another MTHFR gene 
polymorphism (A1298C) and vasculogenic ED was also investigated 
by Safarinejad et al.10 They found that while the frequencies of AA, AC, 
and CC did not significantly differ between the ED and non-ED groups, 
there was a significantly increased risk of severe ED in those with the 
AC and CC polymorphisms. However, a limitation should be noted 
that the sample size (114 cases and 228 controls) was not sufficiently 
large for epidemiological considerations. In contrast to the C677T 
polymorphism, no significant association was observed between the 
MTHFR polymorphism G1793A and ED risk, although the relationship 
of the 1793GG polymorphism with elevated Hcy levels has been 
reported.10 In this study, with a relatively large sample size, the results 
showed a positive correlation of the MTHFR 677TT polymorphism 
with severe ED risk, which is in line with data obtained in a previous 
study.10 In addition, based on the role of MTHFR in Hcy metabolism, 
the high risk of severe ED may be due to the elevated  plasma Hcy 
concentration by the MTHFR 677TT polymorphism.10 However, 
another study included a relatively small sample size (90 participants) 
of middle-aged to elderly (≥42 years, age [mean ± s.d.]: 51.1 ± 7.5 
years) men and found that the C677T polymorphism of MTHFR was 
not associated with ED risk but was associated with plasma luteinizing 
hormone (LH) levels.32 We assumed that the inconsistent observations 
of these studies could be explained by the differences in the enrolled 
populations and sample sizes.

Given that genetic factors are associated with ED risk, the 
gene polymorphisms in these patients may affect their response to 
phosphodiesterase type 5 (PDE5) inhibitors. A recent systematic review 
that included 1308 men with ED from 11 studies concluded that the 
response to PDE5 inhibitor treatment was significantly associated 
with gene polymorphisms (e.g., eNOS 786CC polymorphism). 
Of note, Lombardo et al.33 observed the effective treatment of ED 
with vitamin B6 and folic acid in young patients with the MTHFR 
677TT polymorphism who were nonresponsive to PDE5 inhibitors. 
Although further studies are needed, the identification of MTHFR gene 
polymorphisms might be useful for diagnosing ED in young patients.

Our study has several strengths. First, the mean age of the 
recruited participants was 30.9 years, reducing the influence of age 
on the risk of ED. Second, the exclusion criteria in this study included 

men with hypertension, hyperlipidemia, and diabetes, increasing the 
independent role of MTHFR in the risk of ED. Third, the current study 
is a large population-based study investigating the association between 
the MTHFR C677T polymorphism and the level of ED severity. Fourth, 
we also evaluated potential confounders, including age, BMI, lifestyle 
styles (smoking and drinking), educational status, and duration of 
infertility, which provides more statistical power.

This study has several limitations. First, this study was a cross-
sectional analysis and did not provide a possible direction for the 
observed associations. Second, only men who were undergoing infertility 
investigations at a single andrology clinic in central China were selected, 
and further studies across other parts of China will be needed. Third, 
we did not analyze the effects of PDE5 inhibitor treatment, although 
we observed a significant association between the MTHFR C677T 
polymorphism and ED risk. Fourth, metabolic and hormonal parameters 
(especially the total testosterone level and thyroid function) as well as 
penile duplex ultrasound findings were not assessed in this study. Finally, 
recall bias may have occurred in this study when data on the level of ED 
severity were obtained from the IIEF-5 questionnaire.

CONCLUSIONS
This study indicates a positive correlation between the MTHFR 677TT 
polymorphism and the risk of severe ED. Identification of MTHFR 
gene polymorphisms may provide complementary information for 
ED patients during routine clinical diagnosis.
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Supplementary Table  1: Level of homocysteine in participants 
according to methylenetetrahydrofolate reductase C677T polymorphism

Variable MTHFR C677T polymorphism P a P b P c

CC (n=4) CT (n=8) TT (n=6)

Hcy (µmol l−1) 9.5±2.3 9.0±1.5 18.6±12.3 0.63 0.19 0.04
aP, CC vs TT; bP, CC vs TT; cP, CT vs TT. MTHFR: methylenetetrahydrofolate reductase; 
Hcy: homocysteine; CC: MTHFR 677CC polymorphism; CT: MTHFR 677CT polymorphism; 
TT: MTHFR 677TT polymorphism

Supplementary Table  3: Clinical characteristics of participants 
according to methylenetetrahydrofolate reductase C677T polymorphism

Clinical characteristic CC (n=372) CT (n=602) TT (n=280) P

Age (year), mean±s.d. 31.0±4.1 30.9±4.5 31.1±4.7 0.76

BMI (kg m−2), mean±s.d. 24.3±3.5 24.8±3.8 24.6±3.4 0.18

Alcohol status, n (%)

Nondrinker 178 (47.8) 280 (46.5) 122 (43.6) 0.55

Drinker 194 (52.2) 322 (53.5) 158 (56.4)

Smoking status, n (%)

Nonsmoker 189 (50.8) 345 (57.3) 152 (54.3) 0.27

Smoker 174 (49.2) 257 (42.7) 128 (45.7)

Education level, n (%)

Primary school 6 (1.6) 19 (3.2) 5 (1.8) 0.27

Junior high school 69 (18.5) 140 (23.3) 66 (23.6)

High school 66 (17.7) 98 (16.3) 52 (18.6)

College/university 231 (62.1) 345 (57.3) 157 (56.1)

Duration of infertility, n (%)

<1 year 180 (48.4) 292 (48.5) 134 (47.9) 0.99

1 year 98 (26.3) 156 (25.9) 72 (25.7)

2–3 years 48 (12.9) 85 (14.1) 39 (13.9)

>3 years 46 (12.4) 69 (11.5) 35 (12.5)

IIEF‑5 score, median (IQR) 21 (18–23) 21 (18–23) 21 (17–23) 0.08

MTHFR: methylenetetrahydrofolate reductase; BMI: body mass index; s.d.: standard 
deviation; IIEF‑5: International Index of Erectile Function‑5; IQR: interquartile range; 
CC: MTHFR 677CC polymorphism; CT: MTHFR 677CT polymorphism; TT: MTHFR 677TT 
polymorphism

Supplementary Table  2: Comparison of methylenetetrahydrofolate 
reductase C677T polymorphism distribution between our study 
population and the general men in central China  (Wang et  al.23)

MTHFR C677T 
polymorphisms

Our study 
population, n (%)

Central China, 
n (%)

P

CC 372 (29.7) 15 718 (40.1) <0.001

CT 602 (48.0) 15 899 (40.6)

TT 280 (22.3) 7588 (19.3)

Allele C 1346 (53.7) 47 335 (60.4) <0.001

Allele T 1162 (46.3) 31 075 (39.6)

MTHFR: methylenetetrahydrofolate reductase; CC: MTHFR 677CC polymorphism; 
CT: MTHFR 677CT polymorphism; TT: MTHFR 677TT polymorphism




