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Abstract
Backgrounds: MTHFR is a key enzyme for folic acid metabolism and is important for reproduction.
However, whether MTHFR C677T genotype affect live birth rate following IVF is unknown. This study
aims to evaluate the association of MTHFR C677T polymorphism and live birth rate following IVF.
Methods: This is a retrospective cohort study of 1265 women undergoing first IVF -ET cycle (2015-2017)
in Reproductive Medicine Center of Xiangya Hospital. The patients were followed for a minimum of 2
years and maximum of 5 years, the observation endpoint is live birth, or all the embryos derived from the
first stimulation cycle are transferred. The study population was divided into three groups based on
MTHFR C677T genotype (MTHFR 677CC, MTHFR 677CT, MTHFR 677TT). The primary outcomes are live
birth rate and cumulative live birth. The secondary outcomes including laboratory parameters (number of
oocytes, number of 2PNs, number of available embryos, number of good embryos) and clinical
parameters (chemical pregnancy rate, clinical pregnancy rate, implantation rate, preclinical pregnancy
loss rate, miscarriage rate). The logistic regression analysis with different adjusted models were used to
analyze the association of MTHFR C677T genotype and live birth.
Results: Among the 1265 participants, 541 were MTHFR 677CC genotype, 585 were MTHFR 677CT
genotype, and 139 were MTHFR 677TT genotype. The live birth rate was 43.6%, 44.8%, and 40.3% (pvalue = 0.63), and the cumulative live birth rate per stimulation cycle was 54.7%, 53.5%, and 51.8% (pvalue =0.81) in MTHFR 677CC group, MTHFR 677CT group, and MTHFR 677TT group, respectively. The
secondary laboratory outcomes and clinical outcomes were not significantly different between the three
groups. Logistic regression analysis showed no significant association of MTHFR C677T genotype and
live birth whether in model 1 (p-value for trend = 0.63) , model 2 (p-value for trend = 0.63), or model 3 (pvalue for trend = 0.59).
Conclusions: MTHFR C677T genotype does not significantly affect live birth rate and cumulative live birth
rate following first IVF in Chinese Han couples.

Background
5,10-methylenetetrahydrofolate reductase (MTHFR) is a key enzyme for folic acid.
MTHFR catalyzes 5,10-methylenetetrahydrofolate to 5-methylenetetrahydrofolate, the latter is the
predominant circulating form of folate, which is essential for the synthesis of nucleotide and Sadenosylmethionine, the re-methylation of homocysteine (hcy) to methionine, the methylation of DNA,
proteins, neurotransmitters and phospholipids [1, 2]. There are implications that a wide range of diseases
(thrombophic disease, ischemic stroke, diabetes, leukemia, colorectal cancer, breast cancer, ovarian
cancer, and so on) are related with MTHFR polymorphisms [3–7]. More than 20 polymorphisms of
MTHFR have been described [8]. MTHFR C677T (rs1801133) is one of the most investigated
polymorphisms. The MTHFR 677C > T transition causes an alanine to valine replacement (Ala222Val) in
the catalytic domain of MTHFR, which leads to reduced MTHFR activity,MTHFR 677CT and MTHFR
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677TT have in vitro MTHFR activity reduced by about 70% and 35%, respectively [9]. Reduced MTHFR
activity has a negative effect on reproductive functions as oocyte and embryo development, endometrial
receptivity, embryo implantation, and the maintenance of pregnancy [10, 11]. Evidences showed that
MTHFR 677C > T is associated with ovarian reserve, implantation failure, pregnancy loss, human
subfertility and infertility, oocyte maturation, embryo aneuploid [12–14], MTHFR 677C > T mutation is
also risk factor for premature ovarian failure [15], recurrent miscarriage and implantation failures [14]
preterm birth [16]. However, the role of MTHFR C677T genotype on ART outcomes remained unclear.
Despite that several studies evaluated the relationship of MTHFR C677T polymorphism and pregnancy
outcome following IVF [17–19], the results remained controversial. Besides, most of the studies included
a small sample size, and no studies reported outcome of live birth rate. Therefore more definitive data
with larger sample size and long-term ART outcomes are needed to evaluate whether MTHFR C677T
polymorphism affect ART outcomes. In this study, we evaluate the relationship of MTHFR C677T
polymorphism with live birth rate and the cumulative live birth. To evaluate the relationship of MTHFR
C677T polymorphism and live birth, the logistic regression analysis was performed using both
unadjusted model and 2 models adjusted by different confounding factors.

Materials And Methods
This was a retrospective cohort study of women undergoing their first in-vitro
fertilization/intracytoplasmic sperm injection (IVF/ICSI) and fresh embryo transfer (ET) cycle at
Reproductive Medicine Center of Xiangya Hospital from 2015 to 2017. Data were collected through the
electronic records. This study was approved by the Ethics committee of Xiangya Hospital. The study
population was divided into three groups based on the results of MTHFR C677T genotyping (MTHFR
677CC, MTHFR 677CT, and MTHFR 677TT).

Inclusion criteria
Women undergoing their first IVF/ICIS and fresh ET cycle; The couple are Chinese Han nationality; 1~2
good embryos transferred to the patients at Day 3; 18 kg/m2 ≤ BM I≤ 25 kg/m2; Maternal age ≤ 45
years.

Exclusion criteria
Abnormal karyotype in any of the couple. Thyroid dysfunction. Severe Hydrosalpinx. Intrauterine
adhesions. Myoma>5cm. Donor cycles.

ART procedure
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Controlled ovarian stimulation (COS) was performed using recombinant FSH (rFSH) with or without
human Menopausal Gonadotrophin (HMG), or urinary FSH (uFSH) with or without HMG, under pituitary
suppression by Gonadotrophin releasing hormone analogue (GnRHa). The choice of starting
gonadotrophin (Gn) was based on maternal age, BMI, Basal FSH concentration, AMH concentration, then
Gn dose can be adjusted according to patients’ response during COS. The COS protocol was decided
according to the physicians’ clinical experience and ART indications. For GnRHa long protocol, Triptorelin
(Diphereline, France; 0.25mg/d subcutaneous injection) starting from the middle luteal phase of the
previous cycle. After two weeks, pituitary suppression was verified (follicular diameter < 5 mm,
endometrial thickness < 5 mm, serum estradiol < 50 pg/mL, serum FSH < 5 IU/L, serum LH < 5 IU/L)
before starting COS. For GnRHa short protocol, Triptorelin was started at a subcutaneous dose of
0.25mg/d at Day 2, COS was started at Day 3. For ultra-long protocol, the first injection of Leuprorelin
(Livzon Corp., Shanghai, China, 3.75mg, subcutaneously) was given to patients, 4 weeks later, the second
Leuprorelin (, 3.75mg, subcutaneously) was given, 3-4 weeks later, COS was started if down-regulation
was satisfied. Follicular development was monitored by transvaginal ultrasound and serum estradiol
(E2). Measurements performed every 2-3 days from stimulation day 5-6. Ovulation was triggered by
injecting 10,000 international units (IU) of hCG (Livzon Corp., Shanghai, China) intramuscularly when at
least 1 follicle reached 18 mm, or at least 3 follicles reached 16 mm. After 36 hours of hCG injection,
ultrasound guided transvaginal oocyte aspiration (OPU) was performed. Luteal phase support was
performed at the day of OPU. Embryos were transferred at Day 3. All the patients were supplemented with
800 mg folic acid from embryo transfer (ET) day to 12 gestational weeks if pregnancy is established.

Sample collection and MTHFR C677T genotyping
Peripheral blood was collected from every women before ART treatment. Genomic DNA was extracted
from blood using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany). Reverse transcriptionpolymerase chain reaction (RT-PCR) was used to determine the genotype of MTHFR C677T.

Statistical analysis
The categorical variables were presented as frequencies and percentages, the continuous variables were
presented as means and standard deviations (SDs) or interquartile ranges (IQRs) depending on whether
the data distribution was normal. . We compared categorical variables between groups using χ2 testing,
and we compared continuous variables using analysis of variance (ANOVA) or the Kruskal-Wallis test
according to distribution type. We evaluated the relationship of MTHFR 677 genotype and live birth using
logistic regression model with and without adjusting the confounding factors that may have expected
influence on our outcome. We used 3 models in total, including model 1, unadjusted; model 2, adjusted
for age and BMI, for model 3, adjusted model 2 for infertility type, stimulation protocol, ART indication,
miscarriage history, and endometrial thickness.
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All statistical analyses were 2-sided, and we considered a p-value of less than 0.05 to be statistically
significant. The statistical analyses were performed by SPSS (version 25, Chicago, USA). Hardy-Weinberg
equilibrium (HWE) was examined using the StataSE software (version 15.0, Stata Corp., USA). Deviation
from HWE was confirmed if p-value < 0.05.

Outcomes and definitions
The primary outcomes were live birth rate, and cumulative live birth rate per stimulation cycle. The
secondary outcomes including laboratory outcomes ( number of oocytes, number of 2PNs, number of
available embryos, number of good embryos) and clinical outcomes (chemical pregnancy rate, clinical
pregnancy rate, implantation rate, preclinical pregnancy loss rate, miscarriage rate).
Chemical pregnancy cases were defined as increased serum HCG levels (>10 IU/L) at 12 days after
embryo transfer. clinical pregnancy was confirmed by ultrasonographic visualization of gestational sacs
4–5 weeks after embryo transfer. Implantation rate was calculated as the gestational sac number divided
by the transferred embryos number. We defined preclinical pregnancy loss as cases who was chemical
pregnancy but not reached clinical pregnancy. Miscarriage was defined as spontaneous clinical
pregnancy loss before 24 gestational weeks. Live birth was defined as birth of at least one newborn after
24 weeks’ gestation that exhibits any sign of life. We also reported the cumulative live birth a stimulation
cycle at 24 months after their first oocyte retrieve cycle.

Results
Of the initial cohort of 1756 women, the following patients were excluded: cycle cancelled (n=23), all
embryos cryopreserved (n=79), Abnormal karyotype (n=19), Not Chinese Han population (n=34), Thyroid
dysfunction (n=75), Severe Hydrosalpinx (n=21), Intrauterine adhesion (n=47), Myoma>5cm (n=26),
BMI<18kg/m2 or BMI >25 kg/m2 (n=51), Maternal age>45 years (n=38), Embryos not transferred at D3
(n=43), Loss to follow-up (n=12), incomplete data (n=23). After all exclusion, a total of 1265 women
remained. Based on the results of MTHFR C677T genotyping, 541 women were included in MTHFR
677CC group, 585 women were included in MTHFR 677CT group, 139 women were included in MTHFR
677TT groups (Fig 1). There was no deviation from HWE in this cohort population (p-value = 0.31).

Baseline characteristics
Baseline parameters including maternal age, BMI, duration of infertility, type of infertility, ART indication,
miscarriage history, serum AMH, AFC, fertilization method, stimulation protocol, starting Gn does, total Gn
does, days of stimulation, endometrial thickness, endometrial pattern, estradiol level at hCG day, LH level
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at hCG day, progesterone level at hCG day, number of transferred embryos. All the baseline parameters
were not significantly different between the three groups (Table 1).

Live birth rate and cumulative live birth rate.
The live birth rate per fresh ET cycle was 43.6%, 44.8%, and 40.3% in MTHFR 677CC group, MTHFR
677CT group, and MTHFR 677TT group respectively, without significant difference (p-value = 0.63) (Table
2). The cumulative live birth rate per stimulation cycle was 54.7%, 53.5%, and 51.8% respectively, without
significant difference (p-value =0.81) (Table 2).

Secondary laboratory and clinical outcomes
The secondary laboratory outcomes including number of oocytes obtained, number of 2PNs, number of
available embryos, number of good embryos. All the laboratory outcomes were not significantly different
between the three groups (Table 2). The secondary clinical outcomes including implantation rate,
chemical pregnancy rate, clinical pregnancy rate, preclinical pregnancy loss rate, miscarriage rate. All the
clinical outcomes were not significantly different between the three groups (Table 2) .

Association of MTHFR C677T genotype and live birth
The logistical regression analyses showed no significant association of MTHFR C677T genotype with
live birth whether under unadjusted model 1 (p-value for trend = 0.63; CT: OR 1.15, 95%CI 0.79-1.68; TT:
OR 1.20, 95%CI 0.83-1.75), model 2 adjusted by maternal age, BMI (p-value for trend = 0.63, CT: OR 1.13,
95%CI 0.77-1.67; TT: OR 1.20; 95%CI 0.82-1.76), or model 3 adjusted by maternal age and BMI, and model
2 which adjusted by maternal age, BMI, infertility type, stimulation protocol, ART indication, miscarriage
history, and endometrial thickness (p-value for trend = 0.59; CT: OR 1.20, 95%CI 0.81-1.77; TT: OR 1.23,
95%CI 0.83-1.80) (Table 3).

Discussion
MTHFR is a pivotal gene for folate metabolism and is essential for human reproduction. Previous
evidences showed that variants in MTHFR C677T modify the serum concentrations of folate and
homocysteine, and may affect IVF outcomes. However, the results remained quite conflicting. Several
studies reported a negative effect of MTHFR 677TT genotype on ART outcomes. Laanpere et al. reported
that MTHFR 677TT individuals had a lower proportion of good-quality embryos and a decreased chance
of pregnancy [19]. Enciso et al. found that patients with MTHFR 677C > T variant showed a higher rate of
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aneuploid embryos and a lower rate of implantation [13], Pavlik et al. observed an association of MTHFR
677TT genotype with higher serum AMH levels but lower number of oocytes retrieved [20]. However, Delia
et al. demonstrated a significant effect of MTHFR C677T polymorphism on oocyte maturity and recovery
in Brazilian women,but not affect normal fertilization, good-quality embryo, and clinical pregnancy rate
[17]. Dobson et al. found no significant association of MTHFR C677T polymorphism with number of
embryos, quality of embryos, and ongoing pregnancy rate [18]. Results of our study showed that maternal
MTHFR C677T genotype does not affect live birth rate, cumulative live birth rate per stimulation cycle,
and other ART outcomes including laboratory outcomes (number of oocytes, number of 2PNs, number of
available embryos, number of good embryos) and clinical outcomes (chemical pregnancy rate, clinical
pregnancy rate, implantation rate, preclinical pregnancy loss rate, miscarriage rate) in Chinese Han
couples following their first IVF-ET cycle, indicating that maternal MTHFR C677T genotype does predict
ART outcomes in Chinese Han couple. Huang et al. in 2019 conducted a randomized trials on folic acid
supplementation in oligozoospermic men with MTHFR 677 TT genotype, they found that 3 months’
supplementation of folic acid significantly decreased the seminal MDA and sperm DNA fragmentation
index (DFI), and increased spontaneous pregnancy rate and live birth rate, but folic acid supplementation
did not exhibit any advantage in MTHFR 677CT genotype [21]. An explanation of our negative results is
that, all the included women were regularly supplemented with 800 mg folic acid at the day of embryo
transfer, if establishment of pregnancy is confirmed, the folic acid supplementation lasted for 3 months.
Maybe it is the supplementation of folic acid increased the ART outcomes and then make the difference
disappear. However, Murto et al. found that folic acid intake or folate status did not affect serum Hcy
level and ART outcomes including chemical pregnancy, clinical pregnancy, miscarriage and livebirth [22].
In spite of this, maternal MTHFR C677T genotype is not recommended for Chinese Han population
undergoing their first IVF-ET cycle and supplemented with 800 mg folic acid. Why our results are different
from the others can be elucidated as following: (1) The effect of different ethnicity and nationality, for
ethnicity and nationality may significantly affect genetic susceptibility. (2) Different inclusion and
exclusion criteria. Our study exclude the high-risk factors that affect ART outcomes. (3) Adjusting for
confounding factors. Some studies did not adjust the confounding factors, or only adjust limited factors.
While our study evaluate the association of MTHFR C677T genotype with live birth by 3 model, including
model 1 (unadjusted), model 2 (adjusted for age and BMI), and model 3 (adjusted model 2 for infertility
type, stimulation protocol, ART indication, miscarriage history, and endometrial thickness). The results of
the three models are in consistent. (4) Sample size. Our study consist of 1265 patients, the sample size is
so far the largest. However, most of the previous studies consist of small sample size. Besides, our study
has the following strengths: The completeness of case data and the long-term follow-up, we have a
minimum follow-up of 2 years and maximum of 5 years after the patients’ first IVF cycle, the endpoint of
live birth tracked down until the embryo used up after first IVF cycle. As far as we know, this is the first
article that evaluate the association of maternal MTHFR C677T genotype with live birth and cumulative
live birth following IVF. However, there are some limitations in the study: (1) The biggest limitation of this
study is its retrospective nature. However, our inclusion and exclusion are very rigorous to control the
influence of risk factors, and we perform a robust statistical analysis to control other confounding
factors. Besides, the completeness of patents’ information is satisfied and the follow-up term is long.
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Therefore, the results from this study should not be significantly affected. (2) The effect of male partner’s
MTHFR C677T polymorphism was not considered; (3) The combination effect of haplotype of different
MTHFR polymorphisms was not considered. (4) the combination effect of other genetic polymorphisms
in the pathway of folic acid metabolism was not considered. (5) Serum folate and homocysteine levels
were not detected. Further studies are needed to evaluate the role of male partner’s MTHFR genotype, the
combination role of different genetic polymorphisms in the pathway of folic acid metabolism, and the
interaction of serum vitamin B12, folate, hcy with MTHFR genotypes on ART outcomes, as well as on
pregnancy complication of preeclampsia, and perinatal outcomes.

Conclusions
Maternal MTHFR C677T genotyping alone does not significantly affect live birth rate and cumulative live
birth rate following first IVF-ET cycle in Chinese Han couples. We should be very cautious to extrapolate
the results to other ethnicity populations, and we can’t extrapolate the results to patients who did no
supplemented with folic acid.

Abbreviations
MTHFR
5,10-methylenetetrahydrofolate reductase, IVF = in-vitro fertilization, ICSI = intracytoplasmic sperm
injection, ET = embryo transfer, ART = assisted reproduction technology,
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Table 1 Baseline characteristics of included women.
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MTHFR 677CC (n=541)

MTHFR 677CT (n=585)

MTHFR 677TT (n=139)

P-value

age (mean±SD, year）

30.54±4.88

30.68±4.93

30.76±4.63

0.84

n±SD, kg/m2)

21.46±1.82

21.41±1.90

21.44±1.86
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of infertility (median/IQR, year)

3 /2-5

3 /2-5

4 /2-5

0.40

250/46.2
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nfertility (n/%)
mary infertility
ondary infertility
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54/9.2

10/7.2
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13/2.4

8/1.4

4/2.9

25/4.6
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6/4.3
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511/87.4

125/89.9

54/10.0

58/9.9
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5.01±3.29

5.16±3.54

4.77±3.43

0.45
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12.94±5.82

12.83±6.11

0.95

368/68.0

431/73.7

93/66.9

I

126/23.3

107/18.3

30/21.6
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47/8.7

47/8.0

16/11.5

Ha long

309/57.1

361/61.7

89/64

Ha short

203/37.5

199/34.0

41/29.5

Ha ultra-long

29/564.0

41/29.5

9/6.5

does of Gn (mean±SD, IU)

165.78±50.89

166.24±50.99

164.97±52.75

0.96

timulation (mean±SD, day)

10.59±2.56

10.54±2.36

10.46±2.29

0.85

e of Gn (mean±SD, IU)

1967.20±716.25

1952.97±677.84

1916.25±724.35

0.74

10.59±2.16

10.73±2.10

10.67±2.24

0.57

239/44.2

260/44.4

67/48.2

278/51.4

290/49.6

66/47.5

24/4.4

35/6.0

6/4.3

t hCG Day (mean±SD, pg/ml)

1948.44±1566.37

3066.93±1718.74

3006.04±1730.38

0.49

at hCG Day (mean±SD, mIU/ml)

ometriosis
ge History (n/%)

0.72

on method (n/%)

0.16

on protocol (n/%)

ial thickness (mean±SD, mm)

0.27

ial pattern (n/%)

0.67

1.98±1.53

2.02±1.49

1.98±1.32

0.86

t hCG Day (mean±SD, ng/ml)

0.82±0.34

0.80±0.35

0.81±0.35

0.49

nsferred embryos (mean±SD)

1.91±0.29

1.92±0.28

1.91±0.28

0.92

Note: MTHFR = 5,10-methylenetetrahydrofolate reductase, BMI = body mass index, SD = standard deviation, IQR = interquartile range, PCOS =
polycystic ovarian syndrome, DOR = diminished ovarian reserve, AMH = anti mullerian hormone, AFC = antral follicle count, IVF = in-vitro
fertilization, ICSI = intracytoplasmic sperm injection, Gn = gonadotrophin, No. = number, E2 = estradiol, LH = luteinizing hormone, P4 =
progesterone, hCG = human chorionic gonadotrophin.

Table 2 Laboratory outcomes and clinical outcomes among the three genotypes of MTHFR C677T polymorphism.
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323/59.7

350/59.8

84/60.4

0.99

pregnancy rate (n/%)

276/51.0

301/51.6

73/52.5

0.95

cal pregnancy loss rate(n/%)

48/8.9

48/8.2

11/7.9

0.90

iage rate (n/%)

31/5.7

28/4.8

10/7.2

0.50

th rate (n/%)

236/43.6%

262/44.8

56/40.3

0.63

tive live birth rate (n/%)

296/54.7

313/53.5

72/51.8

0.81

Outcomes

Note: MTHFR = 5,10-methylenetetrahydrofolate reductase, PN = pronucleus, SD = standard deviation.

Table 3 Odds ratios for association of live birth and MTHFR genotype.
C677T genotype

No. of live births, n

Live birth rate, %

OR (95% CI)
Model 1 *

Model 2 &

Model 3 §

236

43.6

Ref.

Ref.

Ref.

262

44.8

1.15 (0.79-1.68)

1.13 (0.77-1.67)

1.20 (0.81-1.77)

56

40.3

1.20 (0.83-1.75)

1.20 (0.82-1.76)

1.23 (0.83-1.80)

0.63

0.63

0.59

for trend

Note: MTHFR = 5,10-methylenetetrahydrofolate reductase, CI = confidence interval, OR = odds ratio, Ref. = reference.
* Unadjusted
& Adjusted for age and BMI
§ Adjusted for age, BMI, stimulation protocol, ART indication, miscarriage history, endometrial thickness, and infertility type.
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