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1. Introduction

Folic acid (FA) is an important type of vitamin B, 
which is involved in various biological transmethylation 
reactions that include many physiological and 
pathological processes. Folate deficiency elevates 
the frequency of uracil misincorporation into DNA, 
disrupts nucleic acid integrity, slows DNA replication, 

and increases the risk of chromosomal breakage, 
thereby negatively affecting female fertility and fetal 
viability (1). Severe folate deficiency before and during 
pregnancy can lead to oocyte and follicle development 
disorder, reduced endometrial receptivity, and impair 
the implantation process and fetal development (2). In 
addition, folate deficiency can lead to the accumulation 
of homocysteine (HCY), which may damage the 
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Methylenetetrahydrofolate reductase (MTHFR) genetic polymorphism rs1801133 (677C>T) 
will decrease the utilization of folate. Folate deficiency and its resulting homocysteine (HCY) 
accumulation can impair female fertility. Folic acid (FA) supplementation is necessary in pregnant 
women who are undergoing in-vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) 
- embryo transfer (ET), and especially in women with MTHFR rs1801133 C-to-T mutations. At 
present, affordable and accessible synthetic FA is mainly used. However, some studies have suggested 
that 5-methylenetetrahydrofolate (5-MTHF), a type of active FA, may be more suitable for women 
with the MTHFR 677C>T polymorphism, since it is safer and more effective. This retrospective study 
aimed to evaluate whether the MTHFR rs1801133 gene polymorphism is related to the pregnancy 
outcomes of IVF/ICSI-ET recipients after sufficient supplementation with FA instead of 5-MTHF. 
Data on 692 women undergoing IVF/ICSI-ET and taking adequate FA were collected. Participant 
characteristics were compared using the Kruskal-Wallis test and Pearson chi-square test. Logistic 
regressions were used to calculate the odds ratio (OR) and 95% confidence interval (95% CI), after 
adjusting for age, BMI, method of fertilization, method of embryo transfer and number of embryos 
transferred. An additive model (T/T vs. C/C), dominant model (C/T + T/T vs. C/C), and recessive 
model (T/T vs. C/T + C/C) were evaluated. Analysis revealed that MTHFR rs1801133 in IVF/ICSI-
ET women with adequate FA supplementation was not associated with the pregnancy rate but with 
age (OR = 0.91, 95% CI = 0.88, 0.94, P < 0.001) and BMI (OR = 0.95, 95% CI = 0.90, 0.997, P = 
0.037). In 349 clinically pregnant women, no association of the MTHFR 677C>T with pregnancy 
outcomes was found in the additive model, dominant model, or recessive model. Of the 273 women 
with positive pregnancy outcomes, 34 had a preterm delivery. MTHFR 677C>T was not associated 
with a preterm delivery after adjusting for age and BMI. The current results indicated that MTHFR 
polymorphism rs1801133 was not related to the pregnancy rate or pregnancy outcomes of women 
undergoing IVF/ICSI-ET with adequate synthetic FA supplementation, suggesting that simple 
supplementation with less expensive and readily available FA, rather than expensive 5-MTHF, 
appeared to be appropriate.

SUMMARY
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vascular endothelium and disrupt the coagulation 
and fibrinolytic system, subsequently causing 
hypercoagulability and eventually leading to recurrent 
abortion, fetal growth restriction, and stillbirth (3-5).
	 The  methy lene te t rahydrofo la te  r educ tase 
(MTHFR) gene is located at the end of the short arm of 
chromosome 1 (chr1:11796321), and is 2.2 kb long. One 
of the most common single nucleotide polymorphisms 
(SNPs) in the MTHFR gene is rs1801133 (677C>T). A 
systematic review and meta-analysis indicated that the 
overall T allele frequency of MTHFR rs1801133 was 
36.9% in Chinese (6), and 78.4% of Chinese people 
have homozygous or heterozygous mutations (7); 
this figure exceeds that in many other countries. The 
C-to-T transition results in a missense mutation that 
changes alanine (Ala) to valine (Val), which reduces 
the thermal stability and activity of MTHFR (8). The 
enzyme activity of individuals with homozygous TT 
mutation was about 30% of that in individuals with 
the wild-type (CC) genotype, whereas individuals 
with the heterozygous genotype (CT) had about 65% 
of the wild-type enzyme activity (9). Subsequently, 
the mutated genotype reduced the capacity to convert 
5,10-methylenetetrahydrofolate (5,10-MTHF) 
to 5-methylenetetrahydrofolate (5-MTHF), the 
predominant circulating form of folate, thus decreasing 
the utilization of folate (10) (Figure 1). Several studies 
have suggested that the MTHFR gene is a major genetic 
factor for adverse pregnancy outcomes (APOs) (11-
14). Moreover, intake of FA from supplements has been 
found to reduce the risk of spontaneous abortion and 
pregnancy complications (15-17).
	 In-vitro fertilization (IVF), intracytoplasmic sperm 
injection (ICSI), and embryo transfer (ET) are assisted 
reproductive techniques (ARTs). Several studies have 
indicated that women after IVF/ICSI-ET have a higher 
spontaneous miscarriage rate than those after natural 
conception (18,19). In addition, IVF/ICSI-ET was found 
to be associated with preterm delivery (20). With the 
implementation of the three-child policy and the increase 
in women of advanced maternal age in China, the need 
for and use of ART is also estimated to be increasing.
	 FA supplementation is necessary in pregnant women 
who are undergoing ART, and especially in women 
with MTHFR rs1801133 C-to-T mutations. Therefore, 
the choice of the type of FA supplementation is not 
only a family-related but also a social issue that needs 
to be addressed. At present, synthetic FA is mainly 
used. Synthetic FA is a form of FA extracted and 
synthesized from the chemical raw material L-N-p-
aminophenylmethylcool glutamic acid or 2,4,5- triamino 
-6- hydroxypyrimidine sulfate, and it has the advantages 
of good stability and affordability. China has been 
implementing a folate fortification policy since 2009, 
providing free supplements of synthetic FA to women of 
childbearing age.
	 Nevertheless, studies have pointed out that the 

conversion of synthetic FA to 5-MTHF is limited in 
women with the MTHFR rs1801133 CT or TT genotype 
(21,22), and FA is inactive until reduced into the bioactive 
folate derivative, 5-MTHF (23). Active FA, 5-MTHF, is 
the main circulating form of folate in the body, and it can 
bypass the MTHFR block. However, whether active FA 
is better than synthetic FA in preventing APOs remains a 
subject of controversy (24,25).
	 Folate levels in women are still low even in countries 
with mandatory folate fortification (21). Since China is 
a developing country with a large population, affordable 
and accessible synthetic FA is more readily available 
than 5-MTHF, which is more expensive. Therefore, 
the aim of the current study was to evaluate whether 
MTHFR rs1801133 gene polymorphism was related to 
the pregnancy outcomes of IVF/ICSI-ET subjects after 
taking sufficient synthetic FA supplements.

2. Materials and Methods

2.1. Study population

The study population was 692 women who underwent 
IVF/ICSI-ET at Zhoushan Women's and Children's 
Health Hospital from 2016 to 2020. All of the women 
had adequate synthetic FA supplementation depending 
on their genotype, and they sought the treatment due to 
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Figure 1. Possible mechanism of MTHFR rs1801133 affecting 
folic acid and pregnancy outcomes. MTHFR rs1801133 will lead 
to a missense mutation that changes Ala to Val, which can decrease 
the thermal stability and reduce the activity of MTHFR. The enzyme 
activity of individuals with homozygous TT mutation is about 30% 
of that in individuals with the wild-type (CC) genotype, whereas 
individuals with the heterozygous genotype (CT) have about 
65% of the wild-type enzyme activity. Subsequently, the mutated 
genotype reduces the capacity to convert 5,10-MTHF to 5-MTHF, 
the predominant circulating form of folic acid, thus decreasing the 
utilization of folic acid.
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2.5. Determination of pregnancy

Twelve days after transplantation, a urine pregnancy 
test or a blood HCG quantitative test was conducted. 
For HCG-positive patients, the first vaginal ultrasound 
was performed 21 days after transplantation to exclude 
ectopic pregnancy. Ultrasound was performed again 
after 28 days to determine the number of embryos and 
their development.

2.6. FA supplementation

Patients were encouraged to take FA (Silian, China), 
instead of 5-MTHF, depending on their genotype. For 
the CC genotype: 400 μg/day FA was taken three months 
before pregnancy, 400 μg/day FA was taken in early 
pregnancy (0-12 weeks), and food supplementation was 
considered in middle/late pregnancy (13-40 weeks), 
but no extra supplementation was needed. For the CT 
genotype: FA was supplemented 400 μg/day three months 
before pregnancy, 800 μg/day in early pregnancy (0-12 
weeks), and 400 μg/day in middle/late pregnancy (13-40 
weeks). For the TT genotype: FA was supplemented 800 
μg/day three months before pregnancy, 800 μg/day in the 
early pregnancy (0-12 weeks), and 400 μg/day in middle/
late pregnancy (13-40 weeks).

2.7. Statistical analysis

Characteristics of participants with different genotypes 
were compared using the Kruskal–Wallis test for 
continuous variables and the chi-square test or Fisher’s 
exact test for discrete variables. Genotype and allele 
frequencies were calculated. Observed genotype 
frequencies in different genotypes were separately tested 
for deviation from the Hardy–Weinberg equilibrium 
(HWE) using the exact test. Logistic regressions 
were used to calculate the odds ratio (OR) and 95% 
confidence interval (95% CI), after adjusting for 
age, body mass index (BMI), method of fertilization, 
method of embryo transfer and number of embryos 
transferred. An additive model (T/T vs. C/C), dominant 
model (C/T + T/T vs. C/C), and recessive model (T/T 
vs. C/T + C/C) were evaluated to assess the strength of 
association between MTHFR polymorphism rs1801133 
and pregnancy outcomes. All significance tests were 
two-sided; a P value of < 0.05 was considered to be 
statistically significant. Data analyses were performed 
using the software platform SPSS v.26.0 (IBM, Armonk, 
NY, USA).

3. Results

3.1. Participant characteristics

The age range of the 692 women was between 22 
and 49 years of age, and the range of their BMI was 

fallopian tube or ovulation disorders or rare, weak, or 
abnormal sperm of their husbands.

2.2. Genotype determination

The extraction of whole-genome DNA from blood 
samples was performed using QIAquick PCR 
purification kits (QIAGEN, Germany). The MTHFR 
rs1801133 genotype was determined using a fluorescence 
PCR detection kit (PCR-fluorescence probe) designed 
by Osama Medicine (Shenzhen, Guangdong, China). 
Genotyping was performed under the following 
conditions: a 25-μL whole blood sample, a 16-μL PCR 
reaction system, reaction conditions of 45 cycles, 95℃ 
denaturation for 15 s, and 60℃ annealing/extension for 
1 min, as recommended by the manufacturer. After the 
reaction was completed, the end point fluorescence in 
sample wells was read on the ABI 7900 fluorescence 
quantitative PCR instrument (Applied Biosystems, Foster 
City, CA), and the genotyping results for each sample 
were determined using the ABI 3730 Genetic Analyzer 
(Applied Biosystems, Foster City, CA).

2.3. Ovarian stimulation and oocyte retrieval

A controlled ovarian hyperstimulation protocol was 
tailored to the individual. According to comprehensive 
factors such as age of the woman, ovarian preparation, 
and outcomes of previous ovulation induction 
protocols, a long luteal phase protocol, a long early 
follicular phase protocol, an overlength protocol, a 
short protocol, an antagonist protocol, a natural cycle 
protocol, or a microstimulation protocol was adopted. 
When the diameter of two dominant follicles was ≥ 
18 mm and that of three follicles ≥ 16mm, human 
chorionic gonadotropin (HCG) (a recombinant HCG 
alfa solution for injection, Merck Serono Sweden; 
chorionic gonadotrophin for injection, Livzon China, 
6500/8500 IU) was injected at 9 PM on the same 
night. If the follicle diameter was ≥ 14 mm and urine 
luteinizing hormone (LH) was positive or blood LH 
> 10 mIU/ml, the oocyte was retrieved 24 hours after 
the immediate injection of HCG. Oocyte retrieval was 
performed under ultrasound guidance using a K-OPSD 
oocyte retrieval needle (Cook, Australia).

2.4. IVF/ ICSI-ET

The oocytes and sperm are then fertilized using IVF or 
ICSI and cultured in vitro on cleavage stage/blastocyst 
culture medium (Vitrolife Sweden). Embryo transfer 
was performed using a K-JETS catheter (Cook, 
Australia) 3-5 days after oocyte retrieval. Women 
younger than 35 years of age or who had received IVF/ 
ICSI-ET for the first time underwent single embryo 
transfer, while women older than 35 or who had failed 
IVF/ ICSI-ET several times received 2-3 embryos.
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between 32.66 kg/m2 and 16.02 kg/m2. Based on the 
genotype of MTHFR rs1801133, 316 (45.66%) women 
were classified as wildtype homozygotes (CC), 226 
(32.66%) women were classified as heterozygotes (CT), 
and 150 (21.68%) women were classified as mutated 
homozygotes (TT). There were no differences found 
regarding age (P = 0.34), BMI (P = 0.53), method of 
fertilization (P = 0.83), method of embryo transfer (P 
= 0.44), or number of embryos transferred (P = 0.82) 
among the three genotypes (Table 1).

3.2. Pregnancy outcomes

The pregnancy outcomes were compared among the 
different genotypes. Results revealed no significant 
differences in pregnancy rates of wildtype homozygotes 
(CC, 47.15%), heterozygotes (CT, 39.38%), or mutated 
homozygotes (TT, 46.00%). Among pregnant women, 
12.75% of wildtype homozygotes (CC), 8.76% of 
heterozygotes (CT) and 3.7% of mutated homozygotes 

(TT) had a biochemical pregnancy. One hundred 
and fourteen pregnant women with the CC genotype 
(114/167, 68.26%), 95 with the CT genotype (95/137, 
69.34%), and 64 with the TT genotype (64/81, 79.01%) 
had a positive pregnancy outcome (live birth ≥ 1), while 
32 with the CC genotype (32/167, 19.16%), 30 with 
the CT genotype (30/137, 21.90%), and 14 with the 
TT genotype (14/81, 17.28%) had adverse pregnancy 
outcomes including miscarriage, ectopic pregnancy, and 
other pathological pregnancies (Table 2). The proportion 
of preterm deliveries by women with a positive 
pregnancy outcome is also shown in Table 2.

3.3. Association of the MTHFR rs1801133 genotype with 
a successful pregnancy

All DNA samples were successfully genotyped for 
rs1801133, and this SNP deviated from HWE (P < 0.01) 
in women receiving IVF/ICSI-ET. The proportions 
of each genotype among 385 pregnant and 307 non-

Table 1. Participant characteristics

Characteristics

Age, years (mean ± SD)

BMI, kg/m2 (mean ± SD)

Method of fertilization (n, %)
    IVF
    ICSI

Method of embryo transfer (n, %)
    FET
    ET

Number of embryos transferred (n, %)
       1
    ≥ 2

CC (n = 316)

33.13 ± 4.64

22.11 ± 2.95

235 (74.37)
  81 (25.63)

251 (79.43)
  65 (20.57)

  99 (31.33)
217 (68.67)

BMI: body mass index; ET: fresh embryo transfer; FET: frozen embryo transfer; ICSI: intracytoplasmic sperm injection; IVF: in-vitro 
fertilization; aKruskal-Wallis test. bPearson chi-square test.

TT (n = 150) 

32.91 ± 4.33

22.47 ± 3.17

114 (76.00)
  36 (24.00)

121 (80.67)
  29 (19.33)

  43 (28.67)
107 (71.33)

p

0.34a

0.53a

0.83b

0.44b 

0.82b 

CT (n = 226)

32.51 ± 4.65

22.32 ± 3.01

173 (76.55)
  53 (23.45)

171 (75.66)
  55 (24.34)

  71 (31.42)
155 (68.58)

MTHFR rs1801133 genotype

Table 2. Pregnancy outcomes

Pregnancy outcome

Not pregnant (n, %)

Pregnancy

    Biochemical pregnancy (n, %)

    Positive pregnancy outcome (n, %)

    Adverse pregnancy (n, %)

        Miscarriage (n, %)

        Ectopic pregnancy (n, %)

    Preterm delivery (n, %)

CC (n = 316)

149 (47.15)

167 (52.85)

  21 (12.57)

114 (68.26)

  32 (19.16)

  22 (68.75)

   9 (28.13)

 13 (11.40)

aPearson chi-square test. *Between pregnant patients and non-pregnant patients.

TT (n = 150) 

69 (46.00)

81 (54.00)

3 (3.70)

64 (79.01)

14 (17.28)

  9 (64.29)

  4 (28.57)

11 (17.19)

p

0.18a*

0.42a

CT (n = 226)

  89 (39.38)

137 (60.62)

12 (8.76)

  95 (69.34)

  30 (21.90)

21 (7.00)

 6 (2.00)

 10 (10.53)

MTHFR rs1801133 genotype
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pregnant women are shown in Table 3. Logistic 
regression was used to analyze the association between 
theMTHFR rs1801133 genotype and a successful 
pregnancy, after adjusting for age, BMI, method of 
fertilization, method of embryo transfer, and number 
of embryos transferred. An additive model, dominant 
model, and recessive model were all assessed (Table 3). 
Results indicated that MTHFR genetic polymorphism 
rs1801133 was not associated with a successful 
pregnancy but with age (OR = 0.91, 95% CI = 0.88-0.94, 
P < 0.001) and BMI (OR = 0.95, 95% CI = 0.90, 0.997, 
P = 0.04) (Table 3) (Figure 2).

3.4. Association of the MTHFR rs1801133 genotype with 
pregnancy outcomes

Of 385 pregnant women, 349 were clinically pregnant, 
and 36 were biochemically pregnant. The proportions of 
genotypes in positive and adverse pregnancy outcomes 
are shown in Table 4. Results indicated that after 
adjusting for covariates, MTHFR rs1801133 was not 
associated with pregnancy outcomes in the additive 
model, dominant model, or recessive model. However, a 
younger age (OR = 0.92, 95% CI = 0.86-0.98, P = 0.01) 
was positively associated with pregnancy outcomes 
(Table 4) (Figure 2).

3.5. Association of the MTHFR rs1801133 genotype with 
preterm delivery

The association of MTHFR rs1801133 with a preterm 
delivery was further analyzed in 273 women with 
positive pregnancy outcomes. The genotype proportions 

in preterm deliveries and normal deliveries are shown in 
Table 5. MTHFR rs1801133 was not associated with a 
preterm delivery after adjusting for age and BMI (Table 5) 
(Figure 2).

Table 3. Association of MTHFR rs1801133 with pregnancy or no pregnancy

Variables

Genotype/Allele

    CC

    CT 

   TT

Age

BMI

Additive model

    CC

    TT

Dominant model

    CC

    CT+TT

Recessive model

    TT

    CT+CC

Pregnancy (n = 385)

167 (43.38)

137 (35.58)

81 (21.04)

167 (43.38)

81 (21.04)

167 (43.38)

218 (56.62)

81 (21.04)

304 (78.96)

OR (95% CI)

reference

1.35 (0.94, 1.95)

1.03 (0.68, 1.55)

0.91 (0.88, 0.94)

0.95 (0.90, 0.997)

reference

1.02 (0.68, 1.54)

reference

1.21 (0.88, 1.66)

reference

1.11 (0.76, 1.62)

p

 0.10

 0.89

< 0.001

 0.04

 0.92

 0.23

 0.60

N (%)

No pregnancy (n = 307)

167 (43.38)

137 (35.58)

81 (21.04)

167 (43.38)

81 (21.04)

167 (43.38)

218 (56.62)

81 (21.04)

304 (78.96)

Figure 2. Flow diagram of the study population and results. A 
total of 692 women were included. They all received sufficient folic 
acid supplementation, and their genotype of MTHFR rs1801133 
was determined. These participants were divided into two groups 
depending on whether they were pregnant or not. Then, the 
participants who were pregnant were divided into two groups, those 
with a positive pregnancy and those with an adverse pregnancy. The 
participants with a positive pregnancy were divided into two groups, 
those with a preterm delivery and those with a normal delivery.
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4. Discussion

This study found no association between MTHFR 
polymorphism rs1801133 and pregnancy outcomes 
of women undergoing IVF/ICSI-ET with adequate 
synthetic FA supplementation. MTHFR rs1801133 fits 
the additive model, but results were also analyzed in a 
dominant model and a recessive model. Age was found 
to be related to the pregnancy rate (OR = 0.91, 95% 
CI = 0.88-0.94, P < 0.001) and pregnancy outcome 

(OR = 0.92, 95% CI = 0.86-0.98, P = 0.01), which was 
consistent with the results of previous studies (18,26). 
Older women may have an increased risk of impaired 
oocyte quality and chromosomal abnormalities and 
decreased endometrial receptivity (27-29). In addition, 
BMI also had an impact on the pregnancy rate (OR = 
0.95, 95% CI = 0.90, 0.997, P = 0.04). Obese women 
often have impaired folliculogenesis, ovulation, 
and conception, resulting in decreased reproductive 
potential (30).

Table 4. Association of the MTHFR rs1801133 genotype with pregnancy outcomes

Variables

Genotype/Allele

    CC

    CT 

   TT

Age

BMI

Additive model

    CC

    TT

Dominant model

    CC

    CT+TT

Recessive model

    TT

    CT+CC

Positive pregnancy (n = 273)

114 (41.76)

  95 (34.80)

  64 (23.44)

114 (41.76)

  64 (23.44)

114 (41.76)

159 (58.24)

  64 (23.44)

209 (76.56)

OR (95% CI)

reference

0.85 (0.47, 1.51)

1.29 (0.63, 2.61)

0.92 (0.86, 0.98)

0.99 (0.90, 1.07)

reference

1.28 (0.62, 2.65)

reference

0.99 (0.59, 1.67)

reference

0.72 (0.37, 1.39)

p

0.57

0.49

0.01

0.73

0.50

0.96

0.33

N (%)

Adverse pregnancy (n = 76)

32 (42.11)

30 (39.47)

14 (18.42)

32 (42.11)

14 (18.42)

32 (42.11)

44 (57.89)

14 (18.42)

62 (81.58)

Table 5. Association of the MTHFR rs1801133 genotype with a preterm delivery

Variables

Genotype/Allele

    CC

    CT 

   TT

Age

BMI

Additive model

    CC

    TT

Dominant model

    CC

    CT+TT

Recessive model

    TT

    CT+CC

Preterm delivery (n = 34)

13 (38.24)

10 (29.41)

11 (32.35)

13 (38.24)

11 (32.35)

13 (38.24)

21 (61.76)

11 (32.35)

23 (67.65)

OR (95% CI)

reference

0.89 (0.37, 2.16)

1.63 (0.68, 3.94)

0.93 (0.84, 1.03)

0.97 (0.86, 1.10)

reference

1.65 (0.68, 3.98)

reference

1.16 (0.55, 2.45)

reference

0.58 (0.26, 1.29)

p

0.80

0.28

0.15

0.66

0.27

0.70

0.18

N (%)

Normal delivery (n = 239)

101 (42.26)

  85 (35.56)

  53 (22.18)

101 (42.26)

  53 (22.18)

101 (42.26)

138 (57.74)

  53 (22.18)

186 (77.82)
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	 The conversion of 5,10-MTHF to 5-MTHF, a co-
substrate for the re-methylation of HCY to methionine, 
requires the protein encoded by the MTHFR gene. The 
T allele of rs1801133 will lead to decreased activity of 
MTHFR, thus affecting the conversion of 5,10-MTHFR 
to 5-MTHF, and reduce the amount of folate circulating 
in the blood. In addition, the T allele of rs1801133 
can also reduce the rate of FA utilization (8). Studies 
have been conducted to evaluate the association 
between MTHFR genetic polymorphism rs1801133 and 
pregnancy outcomes. Some have found that the mutated 
T allele of MTHFR rs1801133 was associated with a 
higher risk of adverse outcomes, including spontaneous 
abortion, premature birth, and stillbirth (2,11,31-33).
	 Folate deficiency and its resulting HCY accumulation 
can impair female fertility; possible mechanisms for 
this include reduced cell division, increased apoptosis, 
overproduction of inflammatory cytokines, impaired 
nitric oxide (NO) metabolism, oxidative stress, and 
defective methylation reaction (34). Moreover, maternal 
demand for folate increases during pregnancy, and a 
maternal folate deficiency often leads to APOs (35). 
Previous in vivo experiments have found that in the 
absence of maternal folate, placental mTOR signaling 
and amino acid transporter activity are inhibited (36) 
as well as the uterine decidualization (37) and decidual 
angiogenesis in pregnant mice (38), subsequently causing 
placental dysplasia and dysfunction and ultimately 
resulting in fetal growth restriction. A case-control study 
in Venezuela confirmed the association between maternal 
folate deficiency and an increased risk of a preterm 
delivery at the end of the third trimester and in labor (39). 
Another case-control study in Sweden suggested that the 
increased risk of early spontaneous abortion was also 
associated with low plasma folate levels (40).
	 Taking high doses of FA can prevent developmental 
delay and placental abnormalities (41) that may reduce 
the risk of low birth weight and premature birth (36). 
FA supplementation is especially necessary in patients 
undergoing IVF/ICSI-ET because of the inherent risk of 
an adverse pregnancy. Patients taking FA supplements 
were found to have significantly reduced HCY levels 
in follicle fluid, indicating that the recovered oocytes 
would be more mature and of better embryo quality (42).
	 However, studies in recent years have indicated that 
5-MTHF is safer than FA. 5-MTHF is comparable to 
FA in reducing HCY, and it is comparable to or more 
effective than FA in maintaining serum and plasma 
folate levels (43). Compared to FA, 5-MTHF is less 
likely to cause unmetabolized folic acid (UMFA) 
syndrome or mask a B12 deficiency (43).
	 A Chinese study analyzed MTHFR polymorphism 
in normal pregnant patients and found that active FA 
(5-MTHF) had a significant therapeutic effect for 
patients with MTHFR rs1801133 C-to-T mutations. 
In patients without such a mutation, the therapeutic 
effect of 5-MTHF did not differ significantly from 

that of FA (25). A possible explanation for this is that 
5-MTHF does not require the already reduced activity 
of MTHFR in individuals with the MTHFR 677C>T 
polymorphism to convert 5,10-MTHFR to 5-MTHF to 
become effective, but it can function directly.
	 5-MTHF appears to be more advantageous in 
women with the MTHFR 677C>T polymorphism than 
FA. However, a randomized, double-blind, placebo-
controlled trial found that there was no difference 
in the abortion rate between women with MTHFR 
677C>T polymorphism taking 5-MTHF and those 
taking FA; that is, there was no beneficial effect of 
5-MTHF compared to FA supplementation (44). The 
current study also found that for women undergoing 
IVF/ICSI-ET, taking a sufficient amount of FA, rather 
than 5-MTHF, starting 3 months before conception can 
lead to a result where the MTHFR 677C>T genotype is 
irrelevant to the pregnancy outcome.
	 Although 5-MTHF has a slight advantage in 
increasing serum folate levels for the population with 
the MTHFR 677C>T polymorphism, previous studies 
found no difference in the effect on HCY in groups 
taking FA or 5-MTHF (44,45). Pharmacokinetic studies 
have also attempted to explain the possible reason why 
5-MTHF did not appear superior to FA in improving 
pregnancy outcomes. On each of the four mornings 
following the start of dosing (7.5 mg/day), the serum 
total folate level of 5-MTHF was 23 to 55% higher 
than that of FA. Interestingly, 12 days later, when 
both groups continued to take a dose of 0.4 mg/day, 
serum total folate levels in the 5-MTHF and FA groups 
were indistinguishable (21). One of the advantages of 
5-MTHF is that it can replenish the body's reserves 
more quickly in women with a folate deficiency. 
However,  the quick replenishment for women 
undergoing IVF/ICSI-ET seems unnecessary since they 
usually start taking a full, genotypic dose of FA three 
months before conception.
	 For developing countries like China, affordable and 
more accessible synthetic FA seems to be cost-effective 
for most women than expensive 5-MTHF at the current 
stage. Because, according to the current results, the 
use of synthetic FA alone, in a sufficient amount 
and with enough time, can nullify the association 
between the MTHFR 677C>T genotype and pregnancy 
outcomes in IVF/ICSI-ET recipients. However, the 
related mechanism and whether FA alone is enough 
to eliminate the effects of the MTHFR 677C>T 
polymorphism still needs to be investigated further.
	 In summary, the current study did not find that 
MTHFR  polymorphism rs1801133 was related 
to the pregnancy rate or pregnancy outcomes of 
women undergoing IVF/ICSI-ET with adequate 
synthetic FA supplementation, suggesting that simple 
supplementation with less expensive and readily 
available synthetic FA, rather than expensive 5-MTHF, 
appeared to be appropriate.



www.biosciencetrends.com

BioScience Trends. 2022; 16(4):282-290.BioScience Trends. 2022; 16(4):282-290. 289

Acknowledgements

The authors wish to sincerely thank Peng Li and Suna 
Tian for their assistance in preparing the figures in this 
manuscript.

Funding: This work was supported by grants for 
a project under the Scientific and Technological 
Innovation Action Plan of the Shanghai Natural Science 
Fund (grant no. 20ZR1409100 to L Wang), a project of 
the Chinese Association of Integration of Traditional 
and Western Medicine special foundation for Obstetrics 
and Gynecology-PuZheng Pharmaceutical Foundation 
(grant no. FCK-PZ-08 to L Wang), a project for 
hospital management of the Shanghai Hospital 
Association (grant no. X2021046 to L Wang), and 
a clinical trial project of the Special Foundation for 
Healthcare Research of the Shanghai Municipal Health 
Commission (Grant No. 202150042 to L Wang).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1.	 Enciso M, Sarasa J, Xanthopoulou L, Bristow S, Bowles 
M, Fragouli E, Delhanty J, Wells D. Polymorphisms in 
the MTHFR gene influence embryo viability and the 
incidence of aneuploidy. Hum Genet. 2016; 135:555-568.

2.	 Zhang Y, He X , X iong X , Chuan J , Zhong L , 
Chen G, Yu D. The association between maternal 
methylenetetrahydrofolate reductase C677T and A1298C 
polymorphism and birth defects and adverse pregnancy 
outcomes. Prenat Diagn. 2019; 39:3-9.

3.	 Nair RR, Khanna A, Singh R, Singh K. Association of 
maternal and fetal MTHFR A1298C polymorphism with 
the risk of pregnancy loss: A study of an Indian population 
and a meta-analysis. Fertil Steril. 2013; 99:1311-1318 
e1314.

4.	 Zhou J, Huang Z, Pan X, Leung WT, Li C, Chen L, Zhang 
Y, Wang L, Sima Y, Zhang N, Qiu X, Li L, Wang L. New 
thoughts in exploring the pathogenesis, diagnosis, and 
treatment of threatened abortion. Biosci Trends. 2019; 
13:284-285.

5.	 Qian J, Zhang N, Lin J, Wang C, Pan X, Chen L, Li 
D, Wang L. Distinct pattern of Th17/Treg cells in 
pregnant women with a history of unexplained recurrent 
spontaneous abortion. Biosci Trends. 2018; 12:157-167.

6.	 Yang B, Fan S, Zhi X, Xia R, Wang Y, Zheng Q, Sun G. 
Geographical and ethnic distribution of MTHFR gene 
polymorphisms and their associations with diseases 
among Chinese population. Clin Genet. 2017; 92:243-
258.

7.	 Yang B, Liu Y, Li Y, Fan S, Zhi X, Lu X, Wang D, Zheng 
Q, Wang Y, Wang Y, Sun G. Geographical distribution 
of MTHFR C677T, A1298C and MTRR A66G gene 
polymorphisms in China: Findings from 15357 adults of 
Han nationality. PLoS One. 2013; 8:e57917.

8.	 Mo H, Rao M, Wang G, Long YX, Wang HW, Tang L. 
Polymorphism of MTHFR 1298A>C in relation to adverse 
pregnancy outcomes in Chinese populations. Mol Genet 

Genomic Med. 2019; 7:e642.
9.	 Ulrich CM, Kampman E, Bigler J, Schwartz SM, Chen 

C, Bostick R, Fosdick L, Beresford SA, Yasui Y, Potter 
JD. Lack of association between the C677T MTHFR 
polymorphism and colorectal hyperplastic polyps. Cancer 
Epidemiol Biomarkers Prev. 2000; 9:427-433.

10.	 Mazokopakis EE, Papadomanolaki MG. Methylene 
tetrahydrofolate reductase (MTHFR) gene polymorphisms 
among Greek women with medical history of recurrent 
pregnancy loss. Arch Gynecol Obstet. 2020; 302:1555-
1556.

11.	 Kos BJP, Leemaqz SY, McCormack CD, Andraweera PH, 
Furness DL, Roberts CT, Dekker GA. The association 
of parental methylenetetrahydrofolate reductase 
polymorphisms (MTHFR 677C>T and 1298A>C) and 
fetal loss: A case-control study in South Australia. J 
Matern Fetal Neonatal Med. 2020; 33:752-757.

12.	 Du B, Shi X, Yin C, Feng X. Polymorphisms of 
methalenetetrahydrofolate reductase in recurrent 
pregnancy loss: An overview of systematic reviews and 
meta-analyses. J Assist Reprod Genet. 2019; 36:1315-
1328.

13.	 Al-Achkar W, Wafa A, Ammar S, Moassass F, Jarjour 
RA. Association of methylenetetrahydrofolate reductase 
C677T and A1298C gene polymorphisms with recurrent 
pregnancy loss in Syrian women. Reprod Sci. 2017; 
24:1275-1279.

14.	 Chen L, Li D, Wang L. Research progress on genetics 
related factors of recurrent spontaneous abortion. J Reprod 
Med. 2017; 26:1158-1162.

15.	 Serapinas D, Boreikaite E, Bartkeviciute A, Bandzeviciene 
R, Silkunas M, Bartkeviciene D. The importance of folate, 
vitamins B6 and B12 for the lowering of homocysteine 
concentrations for patients with recurrent pregnancy loss 
and MTHFR mutations. Reprod Toxicol. 2017; 72:159-
163.

16.	 Haider BA, Bhutta ZA. Mult iple-micronutrient 
supplementation for women during pregnancy. Cochrane 
Database Syst Rev. 2017; 4:CD004905.

17.	 Mao YY, Yang L, Li M, Liu J, Zhu QX, He Y, Zhou WJ. 
Periconceptional folic acid supplementation and the risk 
of spontaneous abortion among women who prepared to 
conceive: Impact of supplementation initiation timing. 
Nutrients. 2020; 12:2264.

18.	 Bu Z, Hu L, Su Y, Guo Y, Zhai J, Sun YP. Factors related 
to early spontaneous miscarriage during IVF/ICSI 
treatment: an analysis of 21,485 clinical pregnancies. 
Reprod Biomed Online. 2020; 40:201-206.

19.	 Basirat Z, Kashifard M, Golsorkhtabaramiri M, Mirabi P. 
Factors associated with spontaneous abortion following 
intracytoplasmic sperm injection (ICSI). JBRA Assist 
Reprod. 2019; 23:230-234.

20.	 Jancar N, Mihevc Ponikvar B, Tomsic S, Vrtacnik Bokal 
E, Korosec S. Is IVF/ICSI an independent risk factor for 
spontaneous preterm birth in singletons? A population-
based cohort study. Biomed Res Int. 2018; 2018:7124362.

21.	 Bailey SW, Ayling JE. The pharmacokinetic advantage of 
5-methyltetrahydrofolate for minimization of the risk for 
birth defects. Sci Rep. 2018; 8:4096.

22.	 Servy EJ, Jacquesson-Fournols L, Cohen M, Menezo 
YJR. MTHFR isoform carriers. 5-MTHF (5-methyl 
tetrahydrofolate) vs folic acid: A key to pregnancy 
outcome: A case series. J Assist Reprod Genet. 2018; 
35:1431-1435.

23.	 Pannia E, Hammoud R, Kubant R, Sa JY, Simonian R, 



www.biosciencetrends.com

BioScience Trends. 2022; 16(4):282-290.BioScience Trends. 2022; 16(4):282-290.

Wasek B, Ashcraft P, Bottiglieri T, Pausova Z, Anderson 
GH. High intakes of [6S]-5-methyltetrahydrofolic acid 
compared with folic acid during pregnancy programs 
central and peripheral mechanisms favouring increased 
food intake and body weight of mature female offspring. 
Nutrients. 2021; 13.

24.	 Cirillo M, Fucci R, Rubini S, Coccia ME, Fatini 
C . 5 -methy l te t rahydrofo la te and v i tamin B12 
supplementation is associated with clinical pregnancy 
and live birth in women undergoing assisted reproductive 
technology. Int J Environ Res Public Health. 2021; 18.

25.	 Mei J, Wang H, Lu S, Zhang YZ, Chen YM, Zhang W, Yin 
YX, Mao AF. Treatment effect of active folate on adverse 
pregnancy. Chin J Woman Child Health Res. 2017; 28.

26.	 Zhou L, Gao X, Wu Y, Zhang Z. Analysis of pregnancy 
outcomes for survivors of the vanishing twin syndrome 
after in vitro fertilization and embryo transfer. Eur J Obstet 
Gynecol Reprod Biol. 2016; 203:35-39.

27.	 Sacha CR, Basnet K, Lee AM, James K, Roberts DJ. 
Advanced maternal age may impact placental morphology 
in IVF pregnancies. Fertil Steril. 2018; 109:E48.

28.	 Dong Y, Wang L, Lu Y, Fu Z, Du Y, Wang L. Factors 
affecting mode of delivery in women of advanced 
maternal age. Biosci Trends. 2021; 15:61-63.

29.	 Liu N, Hu Q, Liao H, Wang X, Yu H. Vasa previa: 
Perinatal outcomes in singleton and multiple pregnancies. 
Biosci Trends. 2021; 15:118-125.

30.	 Zaadstra BM, Seidell JC, Van Noord PA, te Velde ER, 
Habbema JD, Vrieswijk B, Karbaat J. Fat and female 
fecundity: Prospective study of effect of body fat 
distribution on conception rates. BMJ. 1993; 306:484-487.

31.	 Zhu L. Polymorphisms in the methylene tetrahydrofolate 
reductase and methionine synthase reductase genes and 
their correlation with unexplained recurrent spontaneous 
abortion susceptibility. Genet Mol Res. 2015; 14:8500-
8508.

32.	 Yang Y, Luo Y, Yuan J, Tang Y, Xiong L, Xu M, Rao X, 
Liu H. Association between maternal, fetal and paternal 
MTHFR gene C677T and A1298C polymorphisms 
and risk of recurrent pregnancy loss: A comprehensive 
evaluation. Arch Gynecol Obstet. 2016; 293:1197-1211.

33.	 Hwang IW, Kang YD, Kwon BN, Hong JH, Han SH, Kim 
JS, Park JW, Jin HJ. Genetic variations of MTHFR gene 
and their association with preterm birth in Korean women. 
Medicina (Kaunas). 2017; 53:380-385.

34.	 Forges T, Monnier-Barbarino P, Alberto JM, Guéant-
Rodriguez RM, Daval JL, Guéant JL. Impact of folate and 
homocysteine metabolism on human reproductive health. 
Hum Reprod Update. 2007; 13:225-238.

35.	 Mishra J, Tomar A, Puri M, Jain A, Saraswathy KN. 
Trends of folate, vitamin B12, and homocysteine levels in 
different trimesters of pregnancy and pregnancy outcomes. 
Am J Hum Biol. 2020; 32:e23388.

36.	 Rosario FJ, Nathanielsz PW, Powell TL, Jansson T. 
Maternal folate deficiency causes inhibition of mTOR 
signaling, down-regulation of placental amino acid 
transporters and fetal growth restriction in mice. Sci Rep. 

2017; 7:3982.
37.	 Ahmed T, Fellus I, Gaudet J, MacFarlane AJ, Fontaine-

Bisson B, Bainbridge SA. Effect of folic acid on human 
trophoblast health and function in vitro. Placenta. 2016; 
37:7-15.

38.	 Li Y, Gao R, Liu X, Chen X, Liao X, Geng Y, Ding Y, 
Wang Y, He J. Folate deficiency could restrain decidual 
angiogenesis in pregnant mice. Nutrients. 2015; 7:6425-
6445.

39.	 Martí-Carvajal A, Peña-Martí G, Comunián-Carrasco 
G, Muñoz-Navarro S, Luco M, Martí-Peña A, Medina-
Laurentín C. Prematurity and maternal folate deficiency: 
Anemia during pregnancy study group results in Valencia, 
Venezuela. Arch Latinoam Nutr. 2004; 54:45-49.

40.	 George L, Mills JL, Johansson AL, Nordmark A, Olander 
B, Granath F, Cnattingius S. Plasma folate levels and risk 
of spontaneous abortion. Jama. 2002; 288:1867-1873.

41.	 Ferrazzi E, Tiso G, Di Martino D. Folic acid versus 5- 
methyl tetrahydrofolate supplementation in pregnancy. 
Eur J Obstet Gynecol Reprod Biol. 2020; 253:312-319.

42.	 Kaye AD, Jeha GM, Pham AD, Fuller MC, Lerner ZI, 
Sibley GT, Cornett EM, Urits I, Viswanath O, Kevil CG. 
Folic acid supplementation in patients with elevated 
homocysteine levels. Adv Ther. 2020; 37:4149-4164.

43.	 O b e i d  R ,  H o l z g r e v e  W ,  P i e t r z i k  K .  I s 
5-methyltetrahydrofolate an alternative to folic acid for the 
prevention of neural tube defects? J Perinat Med. 2013; 
41:469-483.

44.	 Hekmatdoost A, Vahid F, Yari Z, Sadeghi M, Eini-Zinab H, 
Lakpour N, Arefi S. Methyltetrahydrofolate vs folic acid 
supplementation in idiopathic recurrent miscarriage with 
respect to methylenetetrahydrofolate reductase C677T and 
A1298C polymorphisms: A randomized controlled trial. 
PLoS One. 2015; 10:e0143569.

45.	 Lamers Y, Prinz-Langenohl R, Moser R, Pietrzik K. 
Supplementation with [6S]-5-methyltetrahydrofolate or 
folic acid equally reduces plasma total homocysteine 
concentrations in healthy women. Am J Clin Nutr. 2004; 
79:473-478.

Received July 25, 2021; Revised April 18, 2022; Accepted 
May 31, 2022.

§These authors contributed equally to this work. 
*Address correspondence to:
Ling Wang, Laboratory for Reproductive Immunology, 
Obstetrics and Gynecology Hospital of Fudan University, 419 
Fangxie Road, Shanghai 200011, China.
E-mail: Dr.wangling@fudan.edu.cn

Yan Du, Laboratory for Reproductive Immunology, Obstetrics 
and Gynecology Hospital of Fudan University, 419 Fangxie 
Road, Shanghai 200011, China.
E-mail: sophiedu_61@163.com

Released online in J-STAGE as advance publication June 10, 
2022.

290


