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Abstract

Background/Objectives: Variability in the methylenetetrahydrofolate reductase (MTHFR)
gene has been implicated in reproductive dysfunction and may influence ovarian physiology
in women with thyroid autoimmunity (TAI). This prospective study aimed to investigate
the association of the MTHFR C677T and A1298C polymorphisms with ovarian reserve and
controlled ovarian hyperstimulation (COH) outcomes in infertile women with TAIL. Meth-
ods: Genomic DNA was extracted from peripheral blood samples of 145 euthyroid infertile
women with TAI undergoing assisted reproductive treatment and 100 fertile controls. The
TAI cohort was divided into women with preserved ovarian reserve (TAI1) and diminished
ovarian reserve (TAI2). MTHFR C677T and A1298C polymorphisms were genotyped using
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis.
Genotype and allele frequencies were compared between groups, and associations with
COH outcomes were evaluated. Results: Significant differences in MTHFR C677T genotype
and allele distributions were observed between the TAI1 and TAI2 subgroups. Genotype
distributions also differed significantly between the overall TAI cohort and fertile controls,
with significant differences observed between the TAIl subgroup and controls, but not
between the TAI2 subgroup and controls. No significant associations were found for the
MTHEFR A1298C polymorphism, while associations between MTHFR polymorphisms and
COH outcomes were limited and inconsistent. Conclusions: The MTHFR C677T, but not
A1298C, polymorphism is associated with ovarian reserve in infertile women with TAIL
These findings suggest that genetic variation in MTHFR may contribute to the heterogeneity
of ovarian reserve in this population, while its influence on ovarian response to stimulation
appears limited.

Keywords: assisted reproductive technology; autoimmune thyroiditis; infertility; methylenete-
trahydrofolate reductase; single nucleotide polymorphism

1. Introduction

Thyroid autoimmunity (TAI), characterized by the presence of thyroid autoantibodies
with or without thyroid dysfunction, is the most common autoimmune condition affect-
ing women of reproductive age [1,2]. Beyond its established association with thyroid
disease, TAI has increasingly been linked to impaired fertility and adverse reproductive
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outcomes, even in euthyroid women [1-5]. In women undergoing infertility treatment, thy-
roid function is routinely assessed and, when necessary, stabilized before medically assisted
reproduction. In women with TAI, particularly those with Hashimoto’s thyroiditis, repro-
ductive dysfunction may reflect both the presence of thyroid autoimmunity and alterations
in thyroid function. However, euthyroid women with persistent thyroid autoantibodies may
still experience reproductive abnormalities despite normal circulating thyroid hormone
levels. Although the relationship between TAI and reproductive dysfunction is well recog-
nized, the underlying mechanisms remain incompletely understood. Several hypotheses
have been proposed, including direct effects of thyroid autoantibodies on ovarian tissue
and the reproductive tract, local thyroid hormone deficiency within the ovary, and broader
immune dysregulation leading to impaired folliculogenesis, oocyte maturation, implanta-
tion, and early embryonic development [1-3,6-10]. However, these mechanisms have not
been conclusively established, and the factors underlying the heterogeneous reproductive
outcomes observed among women with TAI remain unclear.

Several studies have reported reduced ovarian reserve, diminished response to con-
trolled ovarian hyperstimulation (COH), abnormalities in oocyte maturation, and less
favorable outcomes following assisted reproductive technologies (ART) in women with
TAI [9,11-16]. However, these findings have not been consistently replicated, suggesting
that additional factors, including genetic susceptibility, may contribute to interindividual
differences in ovarian reserve and subsequent response to assisted reproductive treatment
in women with thyroid autoimmunity.

One candidate genetic factor is the methylenetetrahydrofolate reductase (MTHFR)
gene, which encodes a key enzyme in folate metabolism that catalyzes the conversion of
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the methyl donor required
for different methylation reactions in the cell [17,18]. This pathway is essential for DNA
synthesis and epigenetic regulation, processes that are critical for normal folliculogenesis,
oogenesis, and early embryonic development. Among the numerous MTHFR variants
identified, the common single-nucleotide polymorphisms (SNPs) C677T (rs1801133) and
A1298C (rs1801131) reduce enzymatic activity to varying degrees and may consequently
alter folate metabolism and DNA methylation [19].

Because epigenetic regulation is involved in both immune homeostasis and reproduc-
tive function, MTHFR polymorphisms have been investigated as potential contributors to
autoimmune diseases and infertility [20-22]. Altered MTHEFR activity has been suggested
to impair DNA methylation and immune regulation and has been associated with repro-
ductive processes, including follicular development, oocyte competence, embryo quality,
implantation, and response to ovarian stimulation [21,23,24]. In addition, MTHFR polymor-
phisms have been suggested to influence susceptibility to autoimmune diseases through
alterations in methylation-dependent regulation of immune responses [23]. However, the
biological mechanisms underlying these associations remain incompletely understood.

Numerous studies have investigated the relationship between MTHFR polymorphisms
and reproductive outcomes, particularly in women undergoing ART [25-28]. Several re-
ports have associated the C677T polymorphism with altered ovarian reserve, impaired
oocyte maturation, poorer ovarian response to stimulation, reduced embryo quality, im-
plantation failure, and lower cumulative live birth rates. Likewise, the A1298C variant
and combined C677T/A1298C genotypes have been associated with differences in ovar-
ian response and embryological outcomes [29,30]. However, other studies have found no
significant associations between MTHFR polymorphisms and ART success [21,26,31,32].
These inconsistent findings likely reflect differences in study design, study populations,
ethnic background, folate status, and outcome measures.
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Importantly, few studies have specifically examined the relationship between MTHFR
polymorphisms and ovarian function in women with TAI [25,32,33]. Since thyroid au-
toimmunity and altered MTHER activity may independently influence immune regulation,
methylation pathways, and ovarian physiology, their coexistence may contribute to the
heterogeneity of reproductive outcomes observed in this population. However, the associ-
ation between MTHFR polymorphisms and ovarian reserve in women with TAI remains
poorly understood.

Therefore, the aim of the present study was to investigate the association between
the MTHFR C677T and A1298C polymorphisms and ovarian reserve in infertile women
with thyroid autoimmunity, and to further evaluate whether these polymorphisms are
associated with response to controlled ovarian hyperstimulation during assisted repro-
ductive treatment.

2. Materials and Methods
2.1. Study Population

This study included 145 infertile women with TAI who underwent COH and ART at
the Department of Human Reproduction, Clinical Hospital Centre Rijeka, Croatia, between
2018 and 2023.

A control group consisting of 100 fertile women was included for comparison of
MTHER genotype frequencies. The control women were recruited during the same period
(2018-2023) from women of reproductive age who had conceived naturally and delivered
at least one healthy child without the use of ART. The control group had a normal BMI
(18.5-24.9 kg/m?), and none of the control participants had a history of thyroid disease.

Women younger than 38 years with confirmed infertility and TAI were eligible for
inclusion in the study group. All patients underwent a standard infertility evaluation includ-
ing medical and gynecological history, physical examination, assessment of reproductive
hormone levels, thyroid function, and thyroid autoantibodies. Thyroid autoimmunity was
defined as the presence of positive thyroid peroxidase antibodies (TPOAbs) and/or thy-
roglobulin antibodies (TgAbs). In the present cohort, thyroid autoimmunity corresponded
to Hashimoto’s thyroiditis, and all included women were euthyroid at the time of study
inclusion, with TSH values within the reference range.

Exclusion criteria for the TAI group included the presence of autoimmune diseases
other than thyroid autoimmunity that could potentially affect fertility, as well as previously
diagnosed polycystic ovary syndrome (PCOS), endometriosis, and age > 38 years. Women
in the control group were required to meet the same exclusion criteria, except for infertility
and thyroid autoimmunity.

Ovarian reserve was assessed only in women with TAI using serum anti-Miillerian
hormone (AMH) concentrations [34]. Women with an AMH concentration > 1.1 ng/mL
were classified as having preserved ovarian reserve (TAI1, n = 91), whereas those with an
AMH concentration < 1.1 ng/mL were classified as having diminished ovarian reserve (TAI2,
n = 54). Serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol
(E2), thyroid-stimulating hormone (TSH), thyroid peroxidase antibodies (TPOAbs), and
thyroglobulin antibodies (TgAbs) concentrations were also determined as part of the routine
endocrine evaluation.

The study was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Ethics Committee of the Faculty of Medicine, Univer-
sity of Rijeka, and the Clinical Hospital Centre Rijeka (Approval No. 007-06/23-02/244
(27 December 2022) and 2170-29-02/1-22-2 (19 August 2022), respectively). Written in-
formed consent was obtained from all participants prior to enrollment.
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2.2. Controlled Ovarian Hyperstimulation

All women in the TAI cohort underwent controlled ovarian hyperstimulation us-
ing a flexible gonadotropin-releasing hormone (GnRH) antagonist protocol followed by
transvaginal ultrasound-guided oocyte retrieval. Fertilization was performed by either
conventional in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI), accord-
ing to semen characteristics. Embryological assessment was performed according to the
Vienna Consensus criteria, while blastocyst morphology was evaluated using the Gardner
grading system.

The evaluated COH outcomes included the total number of retrieved oocytes, propor-
tion of metaphase II (MII) oocytes, fertilization rate, cleavage rate (day 3 embryos), and
blastocyst rate.

2.3. Hormonal Measurements

Serum concentrations of FSH, LH, E2, and AMH were measured using electro-
chemiluminescence immunoassays on the Cobas® 6000 e601 analyzer (Roche Diagnostics,
Mannheim, Germany), while serum TSH, TPOAbs, and TgAbs concentrations were deter-
mined using chemiluminescent immunoassays on the Atellica® IM1600 analyzer (Siemens
Healthineers, Dublin, Ireland), all according to the manufacturer’s instructions.

2.4. DNA Isolation and MTHFR Genotyping

Peripheral venous blood samples (3-5 mL) were collected from all participants for
genetic analysis. Genomic DNA was isolated from peripheral blood leukocytes using the
FlexiGene DNA Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer’s
protocol. DNA concentration and purity were assessed spectrophotometrically before
analysis.

Genotyping of the MTHFR C677T (rs1801133) and A1298C (rs1801131) polymor-
phisms was performed using a standard polymerase chain reaction followed by restriction
fragment length polymorphism (PCR-RFLP) protocol [35]. PCR amplification was carried
out using a Mastercycler® Personal thermal cycler (Eppendorf, Hamburg, Germany). Re-
striction enzyme digestion was performed using enzymes obtained from New England
Biolabs (Ipswich, MA, USA) according to the manufacturer’s instructions. PCR products
and restriction fragments were separated by electrophoresis on 3% agarose gels stained
with GelRed™ (Olerup SSP®, Saltsjobaden, Sweden) and visualized under ultraviolet
illumination.

2.5. Statistical Analysis

Statistical analyses were performed using R software and Statistica for Windows,
version 13.3 (StatSoft Inc., Tulsa, OK, USA).

Continuous variables are presented as mean * standard deviation (SD) or median
(interquartile range), as appropriate, while categorical variables are presented as counts
and percentages. Genotype distributions were tested for conformity with Hardy-Weinberg
equilibrium using the chi-square goodness-of-fit test. Differences in genotype and allele
frequencies between women with preserved and diminished ovarian reserve were analyzed
using the chi-square (x2) test. Associations between MTHFR polymorphisms and ovarian
reserve, as well as differences in controlled ovarian hyperstimulation outcomes across
genotypes, were evaluated using linear regression models with genotype included as a
categorical predictor. All statistical tests were two-sided, and p < 0.05 was considered
statistically significant.
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3. Results
3.1. Study Population Characteristics

A total of 145 infertile women with thyroid autoimmunity (TAI) were included in the
study. Of these, 91 women were classified as TAI1 (preserved ovarian reserve) and 54 as
TAI2 (diminished ovarian reserve) based on serum AMH concentrations. All participants in
the TAI cohort were of reproductive age and had a normal BMI (18.5-24.9 kg/m?). Baseline
clinical, hormonal, and immunological characteristics of the TAI study population are
presented in Table 1.

Table 1. Baseline characteristics of infertile women with thyroid autoimmunity according to ovarian

reserve.
TAIl TAI2
Variable Mean + SD Mean + SD p
(n=91) (n=54)
Age (years) 34.96 + 3.15 35.87 + 2.50 0.138
AMH (ng/mL) 3.18 £ 1.48 0.665 + 0.349 <0.001 *
FSH (IU/L) 7.28 +2.03 9.77 £ 472 <0.001 *
LH (IU/L) 6.63 + 3.01 6.06 £ 2.77 0.255
E2 (pmol/L) 171.53 £ 94.74 203.53 + 209.56 0.310
TSH (mIU/L) 232 +1.26 215+1.27 0.424
TPOAbs (IU/mL) 572.93 + 825.97 438.08 + 566.00 0.251
TgAbs (IU/mL) 112.69 £ 191.21 166.10 £ 245.00 0.182

TAIl—women with thyroid autoimmunity and preserved ovarian reserve; TAI2—women with thy-
roid autoimmunity and diminished ovarian reserve; AMH—anti-Miillerian hormone; FSH—follicle-
stimulating hormone; LH—luteinizing hormone; E2—estradiol; TSH—thyroid-stimulating hormone;
TPOAbs—thyroid peroxidase antibodies; Tg Abs—thyroglobulin antibodies. * Statistically significant
(p < 0.05).

In addition, a control group comprising 100 fertile women of reproductive age with
a normal BMI, a history of natural conception, and at least one live birth was included
for comparison of MTHFR genotype frequencies. The mean age of the control group was
30.16 £ 5.18 years.

3.2. Distribution of MTHFR Genotypes

Both MTHFR C677T and A1298C genotype distributions were in Hardy—Weinberg
equilibrium in the TAI and control groups. The distribution of MTHFR C677T genotype and
allele frequencies according to ovarian reserve among women with thyroid autoimmunity
is presented in Table 2. The distribution of MTHFR C677T genotypes differed significantly
between women with preserved ovarian reserve (TAI1) and those with diminished ovarian
reserve (TAI2) (x2 = 14.68, p < 0.001). Likewise, allele frequencies differed significantly
between the two subgroups (x? = 17.10, p < 0.0001). The CC genotype was more frequent
in women with preserved ovarian reserve than in those with diminished ovarian reserve
(64.8% vs. 33.3%), whereas the CT (27.5% vs. 44.4%) and TT (7.7% vs. 22.2%) genotypes
were more common in the TAI2 subgroup. Similarly, the C allele predominated in the
TAI1 subgroup (78.6% vs. 55.6%), whereas the T allele was more frequent in women with
diminished ovarian reserve (21.4% vs. 44.4%).
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Table 2. Distribution of MTHFR C677T genotypes and alleles according to ovarian reserve in women
with thyroid autoimmunity.

Genotype/Allele :?)21) :1?022) x? Test p
cC 59 (64.8) 18 (33.3)
CT 25 (27.5) 24 (44.4)
TT 7 (7.7) 12 (22.2) 1468  0.00065*
C allele 143 (78.6) 60 (55.6)
T allele 39 (214) 48 (44.4) 17.10 0.000036 *

* Statistically significant (p < 0.05). TAIl—women with thyroid autoimmunity and preserved ovarian
reserve; TAI2—women with thyroid autoimmunity and diminished ovarian reserve.

Comparison with the fertile control group (Table 3) showed a significantly different
distribution of MTHFR C677T genotypes between women with TAI and controls (x> = 6.55,
p = 0.038), whereas allele frequencies did not differ significantly (x> = 1.94, p = 0.163).
When the TAI cohort was analyzed according to ovarian reserve, significant differences
were observed between the TAI1 subgroup and fertile controls in both genotype distribution
(x* = 1291, p = 0.002) and allele frequencies (x> = 9.81, p = 0.002), whereas no signifi-
cant differences were observed between the TAI2 subgroup and fertile controls for either
genotype distribution (x? = 3.49, p = 0.175) or allele frequencies (x> = 2.10, p = 0.147).

Table 3. Distribution of MTHFR C677T genotypes and alleles in fertile controls and women with
thyroid autoimmunity.

Control TAI Total

Genotype/Allele (%) (%) x2 Test P
cC 39 (39.0) 77 (53.1)
CT 50 (50.0) 49 (33.8)
TT 11 (11.0) 19 (13.1) 6.55 0.038 *
C allele 128 (64.0) 203 (70.0)
T allele 72 (36.0) 87 (30.0) 1.94 0.163

* Statistically significant (p < 0.05). TAI total—women with thyroid autoimmunity.

No significant differences in MTHFR A1298C genotype or allele frequencies were
observed between women with preserved and diminished ovarian reserve (Table 4) (geno-
types: x> = 0.28, p = 0.867; alleles: x* = 0.26, p = 0.612). Comparison with fertile controls
(Table 5) likewise revealed no significant differences between fertile controls and women
with TAI (Table 5) (genotypes: x> = 4.35, p = 0.114; alleles: x> = 3.57, p = 0.059).

The frequency of compound heterozygous MTHFR C677T/A1298C (CT/AC) carriers
was 26.0% in fertile controls, 13.8% in the overall TAI group, 8.8% in the TAI1 subgroup, and
22.2% in the TAI2 subgroup. Significant differences were observed between fertile controls
and the overall TAI group (x? = 5.78, p = 0.016), between the TAI1 and TAI2 subgroups
(x? =5.14, p = 0.023), and between fertile controls and the TAI1 subgroup (x> = 9.64,
p = 0.002), whereas no significant difference was observed between fertile controls and the
TAI2 subgroup (x2 = 0.27, p = 0.604).
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Table 4. Distribution of MTHFR A1298C genotypes and alleles according to ovarian reserve in women
with thyroid autoimmunity.

Genotype/Allele :?)21) :1?022) x? Test %
AA 53 (58.2) 29 (53.7)
AC 32 (35.2) 21 (38.9)
cC 6 (6.6) 4(7.4) 0.28 0.867
A allele 138 (75.8) 79 (73.1)
C allele 44 (24.2) 29 (26.9) 0.26 0.612

TAIl—women with thyroid autoimmunity and preserved ovarian reserve; TAI2—women with thyroid
autoimmunity and diminished ovarian reserve.

Table 5. Distribution of MTHFR A1298C genotypes and alleles in fertile controls and women with
thyroid autoimmunity.

Control TAI Total

Genotype/Allele (%) 1 (%) x? Test P
AA 43 (43.0) 82 (56.6)
AC 48 (48.0) 53 (36.6)
cC 9 (9.0) 10 (6.9) 435 0.114
A allele 134 (67.0) 217 (74.8)
C allele 66 (33.0) 73 (25.2) 3.57 0.059

TAI total—women with thyroid autoimmunity.

3.3. Association Between MTHER Polymorphisms and Controlled Ovarian Hyperstimulation
Outcomes in Women with Thyroid Autoimmunity

Because controlled ovarian hyperstimulation (COH) outcomes were available only
for infertile women with thyroid autoimmunity, subsequent analyses were performed
exclusively within the TAI cohort. Regression analyses were conducted separately in the
TAI1 and TAI2 subgroups to evaluate the association between MTHFR polymorphisms and
COH outcomes.

In the TAI1 group, carriers of the MTHFR C677T CT genotype had a significantly higher
cleavage rate than women with the CC genotype (B = 14.82, 95% CI 1.09-28.55, p = 0.035).
In addition, women carrying the MTHFR A1298C CC genotype had a significantly higher
proportion of metaphase II (MII) oocytes than those with the AA genotype (p = 19.01,
95% CI 3.81-34.21, p = 0.015). No significant associations were observed between MTHFR
polymorphisms and the remaining evaluated COH outcomes, including the total number
of retrieved oocytes, fertilization rate, and blastocyst development.

In the TAI2 group, neither the C677T nor the A1298C polymorphism was significantly
associated with any evaluated COH outcome.

The complete regression analyses are presented in Supplementary Tables S1 and S2,
with a graphical summary shown in Supplementary Figure S1.

4. Discussion

The present study identified the MTHFR C677T polymorphism as a genetic factor
associated with ovarian reserve in infertile women with thyroid autoimmunity. Women
in the TAI2 subgroup exhibited a significantly higher frequency of the T allele and TT
genotype than women in the TAI1 subgroup, whereas no such association was observed for
the A1298C polymorphism. Furthermore, comparison with a fertile control group demon-
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strated significant differences in MTHFR C677T genotype distribution between women with
thyroid autoimmunity and fertile controls. When the TAI cohort was analyzed according
to ovarian reserve, significant differences were observed between the TAI1 subgroup and
fertile controls, whereas no significant differences were found between the TAI2 subgroup
and fertile controls. Together, these findings suggest that the relationship between MTHFR
C677T and A1298C polymorphisms, thyroid autoimmunity, and ovarian reserve is more
complex than a simple association with infertility or thyroid autoimmunity alone. Rather,
genetic variation in one-carbon metabolism may contribute to the heterogeneity of ovarian
reserve among women with thyroid autoimmunity.

Comparison with the fertile control group further highlighted the complexity of these
associations. Although genotype distributions differed significantly between the overall
TAI cohort and fertile women, this difference was largely attributable to the TAI1 subgroup,
whereas the TAI2 subgroup showed genotype frequencies comparable with those observed
in fertile controls. This unexpected pattern may indicate that the MTHFR C677T variant
does not simply increase susceptibility to infertility or thyroid autoimmunity, but may
instead modify ovarian susceptibility to metabolic and immune-related factors in genetically
predisposed women [2,3,9]. One possible explanation is that, among women with preserved
ovarian reserve, the effect of MTHFR C677T may be more apparent, whereas in women who
already have diminished ovarian reserve, the ovarian phenotype may reflect the combined
effects of multiple genetic, metabolic, and autoimmune factors, thereby attenuating the
apparent contribution of a single polymorphism. However, this interpretation remains
speculative, particularly given the relatively small size of the TAI1 (n = 91) and TAI2
(n = 54) subgroups. The observed pattern may therefore represent a signal of a more
complex interaction between MTHER genotype, ovarian reserve, and thyroid autoimmunity,
but it cannot be considered conclusive [26,28,36]. These findings should be further evaluated
in larger, well-characterized cohorts with detailed assessment of autoimmune, metabolic,
and genetic factors.

The observed association between the MTHFR C677T polymorphism and diminished
ovarian reserve is biologically consistent with the established role of MTHEFR in one-carbon
metabolism [25-28]. MTHER catalyzes the conversion of 5,10-methylenetetrahydrofolate
into 5-methyltetrahydrofolate, the principal methyl donor required for homocysteine
remethylation and numerous methylation reactions involved in DNA synthesis, repair,
and epigenetic regulation [18]. These processes are essential for folliculogenesis, granu-
losa cell proliferation, oocyte maturation, and early embryonic development [25-28]. The
C677T substitution substantially reduces MTHFR enzymatic activity, particularly in TT
homozygotes, resulting in impaired folate metabolism, elevated homocysteine concentra-
tions, oxidative stress, and altered DNA methylation [18,35,36]. These disturbances have all
been proposed as mechanisms contributing to accelerated follicular depletion and impaired
ovarian function. In women with thyroid autoimmunity, such metabolic alterations may
further interact with chronic immune activation, local inflammatory responses, and al-
tered ovarian immune homeostasis, thereby increasing susceptibility to diminished ovarian
reserve [20,37].

Thyroid autoimmunity itself has been associated with chronic low-grade inflammation,
altered follicular immune homeostasis, and impaired ovarian reserve, although the underly-
ing mechanisms remain incompletely understood [1,2]. Because MTHER activity influences
one-carbon metabolism and DNA methylation, processes involved in both immune regula-
tion and ovarian function, genetic variation in the MTHFR gene may further modify the
reproductive phenotype of women with TAI [25-28,38,39]. The present findings support
this concept by demonstrating that not all women with thyroid autoimmunity exhibit the
same genetic profile in relation to ovarian reserve.
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Compared with C677T, the A1298C polymorphism was not associated with ovarian
reserve in women with thyroid autoimmunity, either in comparisons between the TAI1 and
TAI2 subgroups or between women with thyroid autoimmunity and fertile controls. This
finding is consistent with the lower functional impact of the A1298C variant on MTHFR
activity [30]. Unlike the C677T substitution, which markedly reduces enzymatic activity
and is frequently associated with elevated homocysteine concentrations, the A1298C variant
generally produces a more modest reduction in enzyme function and, when present alone,
usually has little effect on circulating homocysteine levels or folate metabolism [30,40].
Consequently, its influence on DNA methylation and ovarian physiology is expected to
be less pronounced. Although some investigators have reported associations between the
MTHFR A1298C polymorphism and markers of ovarian reserve or ovarian responsiveness,
including higher basal FSH concentrations or altered AMH levels, most studies evaluating
assisted reproductive outcomes have found no independent association with ovarian reserve,
embryo development, or pregnancy outcomes [21]. Our findings therefore support the
notion that the C677T polymorphism represents the functionally more relevant MTHFR
variant with respect to ovarian reserve, whereas A1298C, at least in isolation, appears to
exert little influence on ovarian function in women with thyroid autoimmunity.

The analysis of compound heterozygous MTHFR C677T/A1298C genotypes provided
additional insight into the observed genotype distribution. Compound heterozygous carri-
ers were significantly less frequent in the overall TAI cohort than among fertile controls,
with the difference primarily attributable to the TAI1 subgroup, whereas no significant
difference was observed between the TAI2 subgroup and fertile controls. In addition, the
frequency of compound heterozygotes was significantly higher in women with diminished
ovarian reserve than in those with preserved ovarian reserve. Previous studies have sug-
gested that compound heterozygosity may reduce MTHFR enzymatic activity to a level
approaching that observed in C677T homozygotes, potentially resulting in impaired folate
metabolism and altered methylation capacity [28,29,33,41]. However, because the A1298C
polymorphism alone was not associated with ovarian reserve in the present study, the
observed differences in compound heterozygote frequencies are more likely to reflect the
contribution of the C677T variant than a true synergistic effect of both polymorphisms.
Nevertheless, the biological significance of this finding remains uncertain and warrants
further investigation in larger cohorts.

The influence of MTHFR polymorphisms on controlled ovarian hyperstimulation
outcomes appeared considerably more limited than their association with ovarian reserve.
Among women with preserved ovarian reserve (TAI1), carriers of the C677T CT genotype
had a higher cleavage rate, while carriers of the A1298C CC genotype exhibited a higher
proportion of metaphase II oocytes. However, neither polymorphism was associated with
the remaining evaluated embryological parameters, including the total number of retrieved
oocytes, fertilization rate, or blastocyst development, and no significant associations were
observed in women with diminished ovarian reserve (TAI2). These isolated findings should
therefore be interpreted with caution and do not support a consistent influence of MTHFR
polymorphisms on ovarian stimulation outcomes in women with thyroid autoimmunity.
Although age and BMI are also recognized factors that may influence COH outcomes, age
did not differ significantly between the TAI1 and TAI2 subgroups (Table 1), while all women
in the TAI cohort had a normal BMI (18.5-24.9 kg/m?), limiting the assessment of their
influence on COH outcomes.

The available literature similarly reports inconsistent associations between MTHFR
polymorphisms and assisted reproductive outcomes [23,24,31,42]. While several studies
have associated the C677T TT genotype with reduced ovarian responsiveness, impaired
oocyte maturation, poorer embryo quality, and lower cumulative live birth rates, others
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have found no significant associations or even reported more favorable embryological
outcomes among carriers of the T allele [21,32,33,38,41,43,44]. Recent systematic reviews
and meta-analyses likewise conclude that the overall effect of MTHFR polymorphisms on
ART outcomes remains modest and highly dependent on study population, folate status,
stimulation protocol, and outcome definition [26,28,36]. Collectively, these findings suggest
that the reproductive consequences of altered MTHFR activity are context dependent and
are likely modified by interactions between genetic background, folate metabolism, immune
status, and other environmental factors. Within this framework, our results indicate that,
in women with thyroid autoimmunity, MTHFR C677T appears to have greater relevance
for ovarian reserve than for ovarian response during assisted reproductive treatment. The
inclusion of a fertile control group and the simultaneous evaluation of both common
functional MTHFR polymorphisms and compound heterozygous genotypes provide a
more comprehensive assessment of the relationship between MTHFR genetic variation and
ovarian reserve in women with thyroid autoimmunity.

Several limitations should be considered when interpreting these findings. The rela-
tively modest sample size may have limited the statistical power to detect smaller associ-
ations. In addition, folate and homocysteine concentrations were not measured, limiting
assessment of the potential functional effects of the MTHFR variants and their contribution
to the observed association with ovarian reserve. Finally, the study was conducted in a single
ethnic population, which may limit the generalizability of the findings. Future studies with
larger and more diverse populations, including folate and homocysteine measurements,
are warranted.

5. Conclusions

In conclusion, our findings suggest that the MTHFR C677T polymorphism, but not
A1298C, is associated with ovarian reserve in infertile women with thyroid autoimmunity.
The associations between MTHFR polymorphisms and controlled ovarian hyperstimulation
outcomes were limited and inconsistent, suggesting that MTHFR C677T may be more
relevant to ovarian reserve than to ovarian response to stimulation. Further studies in larger,
well-characterized populations incorporating functional biomarkers of folate metabolism
are needed to confirm these findings and clarify their potential clinical significance.
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BMI Body mass index

CI Confidence interval

COH Controlled ovarian hyperstimulation

E2 Estradiol

FSH Follicle-stimulating hormone

GnRH Gonadotropin-releasing hormone

LH Luteinizing hormone

MTHFR Methylenetetrahydrofolate reductase

PCR Polymerase chain reaction

SD Standard deviation

SNP Single nucleotide polymorphism

TAI Thyroid autoimmunity

TAIl Thyroid autoimmunity with preserved ovarian reserve
TAI2 Thyroid autoimmunity with diminished ovarian reserve

TgAbs Thyroglobulin antibodies
TPOAbs  Thyroid peroxidase antibodies

TSH Thyroid-stimulating hormone

References

1. Bucci, I; Giuliani, C.; Di Dalmazi, G.; Formoso, G.; Napolitano, G. Thyroid Autoimmunity in Female Infertility and Assisted
Reproductive Technology Outcome. Front. Endocrinol. 2022, 13, 768363. [ CrossRef]

2. Tanska, K.; Gietka-Czernel, M.; Glinicki, P.; Kozakowski, J. Thyroid Autoimmunity and Its Negative Impact on Female Fertility
and Maternal Pregnancy Outcomes. Front. Endocrinol. 2022, 13, 1049665. [CrossRef] [PubMed ]

3.  Poppe, K.G. MANAGEMENT OF ENDOCRINE DISEASE: Thyroid and Female Infertility: More Questions than Answers?! Eur.
J. Endocrinol. 2021, 184, R123-R135. [CrossRef] [PubMed ]

4. Poppe, K.; Bisschop, P.; Fugazzola, L.; Minziori, G.; Unuane, D.; Weghofer, A. 2021 European Thyroid Association Guideline on
Thyroid Disorders Prior to and during Assisted Reproduction. Eur. Thyroid J. 2021, 9, 281-295. [CrossRef] [PubMed]

5. Susanj Sepic’, T,; Cavlovi¢, K.; Devié Pavli¢, S.; Smajla, N.; Vidni¢, A.; Radoj¢i¢ Badovinac, A.; Smiljan Severinski, N. Thyroid
Autoimmunity Impairs Oocyte Maturation, Fertilization, and Embryo Development in Assisted Reproductive Technology in
Euthyroid Infertile Patients. J. Clin. Med. 2025, 14, 3385. [CrossRef] [PubMed ]

6. Vissenberg, R.; Manders, V.D.; Mastenbroek, S.; Fliers, E.; Afink, G.B.; Ris-Stalpers, C.; Goddijn, M.; Bisschop, P.H. Pathophysio-
logical Aspects of Thyroid Hormone Disorders/Thyroid Peroxidase Autoantibodies and Reproduction. Hum. Reprod. Update
2015, 21, 378-387. [CrossRef] [PubMed ]

7. Bogustawska, J.; Godlewska, M.; Gajda, E.; Piekietko-Witkowska, A. Cellular and Molecular Basis of Thyroid Autoimmunity. Eur.
Thyroid ]. 2022, 11, €210024. [CrossRef] [PubMed ]

8.  Dosiou, C. Thyroid and Fertility: Recent Advances. Thyroid 2020, 30, 479-486. [CrossRef] [PubMed]

9. Zhu, Q.; Xu, Q.H,; Xie, T.; Wang, L.L.; Liu, H.; Muyayalo, K.P.,; Huang, X.B.; Zhao, S.J.; Liao, A.H. Recent Insights into the Impact
of Immune Dysfunction on Reproduction in Autoimmune Thyroiditis. Clin. Immunol. 2021, 224, 108663. [CrossRef] [PubMed ]

10. Monteleone, P; Faviana, P.; Artini, P.G. Thyroid Peroxidase Identified in Human Granulosa Cells: Another Piece to the Thyroid-
Ovary Puzzle? Gynecol. Endocrinol. 2017, 33, 574-576. [CrossRef]| [PubMed ]

11.  Li, Z; Xu, S.; Luo, W.; Hu, ].; Zhang, T.; Jiao, X.; Qin, Y. Association between Thyroid Autoimmunity and the Decline of Ovarian

Reserve in Euthyroid Women. Reprod. Biomed. Online 2022, 45, 615-622. [CrossRef] [PubMed ]

https://doi.org/10.3390/biomedicines14092003


https://doi.org/10.3389/FENDO.2022.768363
https://doi.org/10.3389/fendo.2022.1049665
https://www.ncbi.nlm.nih.gov/pubmed/36714589
https://doi.org/10.1530/EJE-20-1284
https://www.ncbi.nlm.nih.gov/pubmed/33460394
https://doi.org/10.1159/000512790
https://www.ncbi.nlm.nih.gov/pubmed/33718252
https://doi.org/10.3390/jcm14103385
https://www.ncbi.nlm.nih.gov/pubmed/40429380
https://doi.org/10.1093/HUMUPD/DMV004
https://www.ncbi.nlm.nih.gov/pubmed/25634660
https://doi.org/10.1530/ETJ-21-0024
https://www.ncbi.nlm.nih.gov/pubmed/34981746
https://doi.org/10.1089/THY.2019.0382
https://www.ncbi.nlm.nih.gov/pubmed/31903865
https://doi.org/10.1016/j.clim.2020.108663
https://www.ncbi.nlm.nih.gov/pubmed/33401032
https://doi.org/10.1080/09513590.2017.1296424
https://www.ncbi.nlm.nih.gov/pubmed/28277109
https://doi.org/10.1016/j.rbmo.2022.05.015
https://www.ncbi.nlm.nih.gov/pubmed/35732549
https://doi.org/10.3390/biomedicines14092003

Biomedicines 2026, 14, 2003 12 of 13

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Inagaki, Y.; Takeshima, K.; Nishi, M.; Ariyasu, H.; Doi, A.; Kurimoto, C.; Uraki, S.; Morita, S.; Furukawa, Y.; Inaba, H.; et al. The
Influence of Thyroid Autoimmunity on Pregnancy Outcome in Infertile Women: A Prospective Study. Endocr. J. 2020, 67, 859-868.
[CrossRef] [PubMed]

Poppe, K.; Autin, C.; Veltri, F; Kleynen, P.; Grabczan, L.; Rozenberg, S.; Ameye, L. Thyroid Autoimmunity and Intracytoplasmic
Sperm Injection Outcome: A Systematic Review and Meta-Analysis. J. Clin. Endocrinol. Metab. 2018, 103, 1755-1766. [ CrossRef]
[PubMed ]

Safarian, G.K.; Niauri, D.A.; Kogan, 1.Y.; Bespalova, O.N.; Dzhemlikhanova, L.K.; Lesik, E.A.; Komarova, E.M.; Krikheli, I.O.;
Obedkova, K.V.; Tkachenko, N.N.; et al. Impact of Antithyroperoxidase Antibodies (Anti-TPO) on Ovarian Reserve and Early
Embryo Development in Assisted Reproductive Technology Cycles. Int. J. Mol. Sci. 2023, 24, 4705. [CrossRef] [PubMed ]
Venables, A.; Wong, W.; Way, M.; Homer, H.A. Thyroid Autoimmunity and IVF/ICSI Outcomes in Euthyroid Women: A Systematic
Review and Meta-Analysis. Reprod. Biol. Endocrinol. 2020, 18, 120. [CrossRef] [PubMed ]

Li, E; Lu, H;; Huang, Y.F; Wang, X.; Zhang, Q.; Li, X,; Qiang, L.; Yang, Q. A Systematic Review and Meta-Analysis of the
Association between Hashimoto’s Thyroiditis and Ovarian Reserve. Int. Immunopharmacol. 2022, 108, 108670. [CrossRef]
[PubMed ]

Yang, R.; Li, G. The Roles of Folate, MTHFR Genetics, Vitamin B12 in Pregnancy Outcomes. Front. Nutr. 2026, 13, 1785263.
[CrossRef] [PubMed ]

Goyette, P.; Sumner, ].S.; Milos, R.; Duncan, A.M.V,; Rosenblatt, D.S.; Matthews, R.G.; Rozen, R. Human Methylenetetrahydrofolate
Reductase: Isolation of CDNA, Mapping and Mutation Identification. Nat. Genet. 1994, 7, 195-200. [CrossRef] [PubMed ]
Sibani, S.; Christensen, B.; O’ferrall, E.; Saadi, I.; Hiou-Tim, F.; Rosenblatt, D.S.; Rozen, R. Characterization of Six Novel Mutations
in the Methylenetetrahydrofolate Reductase (MTHFR) Gene in Patients With Homocystinuria. Hum. Mutat. 2000, 15, 280-287.
[CrossRef]

Lu, M,; Peng, K; Song, L.; Luo, L.; Liang, P,; Liang, Y. Association between Genetic Polymorphisms in Methylenetetrahydrofolate
Reductase and Risk of Autoimmune Diseases: A Systematic Review and Meta-Analysis. Dis. Markers 2022, 2022, 4568145.
[CrossRef] [PubMed]

Rosen, M.P; Shen, S.; McCulloch, C.E.; Rinaudo, PF,; Cedars, M.L; Dobson, A.T. Methylenetetrahydrofolate Reductase (MTHFR)
Is Associated with Ovarian Follicular Activity. Fertil. Steril. 2007, 88, 632-638. [CrossRef] [PubMed ]

Devi¢ Pavli¢, S.; Sverko, R.; Barisi¢, A.; Mladenié, T.; Vranekovié, J.; Stankovié, A.; Peterlin, A.; Peterlin, B.; Ostoji¢, S.; Pereza,
N. MTHEFR Gene Polymorphisms and DNA Methylation in Idiopathic Spontaneous Preterm Birth. Medicina 2024, 60, 2028.
[CrossRef] [PubMed]

Paduch-Jakubczyk, W.; Dubiriska, M. The Role of Folic Acid and Its Derivatives in Reproductive Health. Actual Gynecol.
Obstet. /Aktudlni Gynekol. A Porod. 2024, 16, 65.

Wen, Y.; He, H.; Zhao, K. Thrombophilic Gene Polymorphisms and Recurrent Pregnancy Loss: A Systematic Review and
Meta-Analysis. J. Assist. Reprod. Genet. 2023, 40, 1533-1558. [CrossRef] [PubMed ]

Zeng, H.; Liu, Z.; Zhang, L.; Liu, N. MTHFR 677TT Is Associated with Decreased Number of Embryos and Cumulative Live Birth
Rate in Patients Undergoing GnRHa Short Protocol: A Retrospective Study. BMC Pregnancy Childbirth 2022, 22, 170. [CrossRef]
[PubMed ]

Wang, X.; Sun, X,; Tang, B.; Liu, L.; Feng, X. Effect of Polymorphisms of MTHEFR in Controlled Ovarian Stimulation: A Systematic
Review and Meta-Analysis. J. Assist. Reprod. Genet. 2021, 38, 2237-2249. [CrossRef] [PubMed ]

Ye, F;; Zhang, S.; Qi, Q.; Zhou, J.; Du, Y.; Wang, L. Association of MTHFR 677C>T Polymorphism with Pregnancy Outcomes
in IVF/ICSI-ET Recipients with Adequate Synthetic Folic Acid Supplementation. Biosci. Trends 2022, 16, 282-290. [CrossRef]
[PubMed ]

Ledowsky, C.; Steel, A.; Schloss, J. Methylenetetrahydrofolate Reductase (MTHFR) Genetic Polymorphisms and the Risk of
Infertility in Couples Accessing Assisted Reproductive Technologies: A Systematic Review. Adv. Integr. Med. 2021, 8, 220-229.
[CrossRef]

Lu, YJ.; Li, Q.; Chen, L.X;; Tian, T; Kang, J.; Hao, Y.X.; Zhou, ].S.; Wang, Y.Y; Yan, L.Y.; Li, R; et al. Association between Maternal
MTHER C677T/A1298C Combination Polymorphisms and IVF/ICSI Outcomes: A Retrospective Cohort Study. Hum. Reprod.
Open 2022, 2023, hoac055. [CrossRef] [PubMed ]

Shahrokhi, S.Z.; Kazerouni, F.; Ghaffari, F.; Hadizadeh, M.; Zolfaghary, Z. The Effect of A1298c Polymorphism of the MTHFR
Gene on Anti-Miillerian Hormone Levels: Experimental and Web-Based Analysis. J. Clin. Lab. Anal. 2021, 35, €23948. [CrossRef]
[PubMed]

Marci, R.; Lisi, F.; Soave, I.; Lo Monte, G.; Patella, A.; Caserta, D.; Moscarini, M. Impact of 677C>T Mutation of the 5,10-
Methylenetetrahydrofolate Reductase on IVF Outcome: Is Screening Necessary for All Infertile Women? Genet. Test. Mol. Biomark.
2012, 16, 1011-1014. [CrossRef] [PubMed]

Laanpere, M.; Altmde, S.; Kaart, T.; Stavreus-Evers, A.; Nilsson, T.K.; Salumets, A. Folate-Metabolizing Gene Variants and
Pregnancy Outcome of IVF. Reprod. Biomed. Online 2011, 22, 603-614. [CrossRef] [PubMed]

https://doi.org/10.3390/biomedicines14092003


https://doi.org/10.1507/ENDOCRJ.EJ19-0604
https://www.ncbi.nlm.nih.gov/pubmed/32336697
https://doi.org/10.1210/JC.2017-02633
https://www.ncbi.nlm.nih.gov/pubmed/29546422
https://doi.org/10.3390/IJMS24054705
https://www.ncbi.nlm.nih.gov/pubmed/36902134
https://doi.org/10.1186/S12958-020-00671-3
https://www.ncbi.nlm.nih.gov/pubmed/33239046
https://doi.org/10.1016/j.intimp.2022.108670
https://www.ncbi.nlm.nih.gov/pubmed/35364430
https://doi.org/10.3389/FNUT.2026.1785263
https://www.ncbi.nlm.nih.gov/pubmed/41859658
https://doi.org/10.1038/NG0694-195
https://www.ncbi.nlm.nih.gov/pubmed/7920641
https://doi.org/10.1002/(SICI)1098-1004(200003)15:3%3C280::AID-HUMU9%3E3.0.CO;2-I
https://doi.org/10.1155/2022/4568145
https://www.ncbi.nlm.nih.gov/pubmed/35686035
https://doi.org/10.1016/j.fertnstert.2006.11.165
https://www.ncbi.nlm.nih.gov/pubmed/17572411
https://doi.org/10.3390/MEDICINA60122028
https://www.ncbi.nlm.nih.gov/pubmed/39768908
https://doi.org/10.1007/S10815-023-02823-X
https://www.ncbi.nlm.nih.gov/pubmed/37248348
https://doi.org/10.1186/S12884-022-04506-4
https://www.ncbi.nlm.nih.gov/pubmed/35232413
https://doi.org/10.1007/S10815-021-02236-8
https://www.ncbi.nlm.nih.gov/pubmed/34032987
https://doi.org/10.5582/BST.2021.01306
https://www.ncbi.nlm.nih.gov/pubmed/35691911
https://doi.org/10.1016/j.aimed.2021.05.004
https://doi.org/10.1093/HROPEN/HOAC055
https://www.ncbi.nlm.nih.gov/pubmed/36531663
https://doi.org/10.1002/JCLA.23948
https://www.ncbi.nlm.nih.gov/pubmed/34369004
https://doi.org/10.1089/GTMB.2012.0087
https://www.ncbi.nlm.nih.gov/pubmed/22856671
https://doi.org/10.1016/j.rbmo.2011.03.002
https://www.ncbi.nlm.nih.gov/pubmed/21507721
https://doi.org/10.3390/biomedicines14092003

Biomedicines 2026, 14, 2003 13 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Pavlik, R.; Hecht, S.; Ochsenkiihn, R.; Noss, U.; Lohse, P.; Thaler, C.J. Divergent Effects of the 677C>T Mutation of the 5,10-
Methylenetetrahydrofolate Reductase (MTHFR) Gene on Ovarian Responsiveness and Anti-Miillerian Hormone Concentrations.
Fertil. Steril. 2011, 95, 2257-2262. [CrossRef] [PubMed ]

Penzias, A.; Azziz, R.; Bendikson, K.; Falcone, T.; Hansen, K.; Hill, M.; Hurd, W,; Jindal, S.; Kalra, S.; Mersereau, J.; et al. Testing
and Interpreting Measures of Ovarian Reserve: A Committee Opinion. Fertil. Steril. 2020, 114, 1151-1157. [CrossRef] [PubMed ]
Friedman, G.; Goldschmidt, N.; Friedlander, Y.; Ben-Yehuda, A.; Selhub, J.; Babaey, S.; Mendel, M.; Kidron, M.; Bar-On, H. A
Common Mutation A1298C in Human Methylenetetrahydrofolate Reductase Gene: Association with Plasma Total Homocysteine
and Folate Concentrations. J. Nutr. 1999, 129, 1656-1661. [CrossRef] [PubMed ]

MacLean, C.A.; Dimanlig, M.; Godfrey, D.; Madrigal, L. The Fertility Effects of the C677T Mutation in the Methylenetetrahy-
drofolate Reductase Gene: A Cross-Site Systematic Review and Meta-Analysis. Am. J. Hum. Biol. 2025, 37, €70119. [CrossRef]
[PubMed ]

Arakawa, Y.; Watanabe, M.; Inoue, N.; Sarumaru, M.; Hidaka, Y.; Iwatani, Y. Association of Polymorphisms in DNMT1, DNMT3A,
DNMT3B, MTHFR and MTRR Genes with Global DNA Methylation Levels and Prognosis of Autoimmune Thyroid Disease.
Clin. Exp. Immunol. 2012, 170, 194-201. [CrossRef] [PubMed]

Enciso, M.; Sarasa, J.; Xanthopoulou, L.; Bristow, S.; Bowles, M.; Fragouli, E.; Delhanty, ].; Wells, D. Polymorphisms in the MTHFR
Gene Influence Embryo Viability and the Incidence of Aneuploidy. Hum. Genet. 2016, 135, 555-568. [CrossRef] [PubMed ]
Budzyniska, E.; Olszak-Wasik, K.; Borowiec, M.; Moczulska, H. MTHFR Gene Polymorphisms and Serum Homocysteine Concen-
tration in Women with Recurrent Miscarriages. J. Pre-Clin. Clin. Res. 2024, 18, 109-113. [CrossRef] [PubMed]

Castro, R.; Rivera, I.; Ravasco, P; Jakobs, C.; Blom, H.J.; Camilo, M.E.; de Almeida, I.T. 5,10-Methylenetetrahydrofolate Reductase
677C—>T and 1298 A—>C Mutations Are Genetic Determinants of Elevated Homocysteine. Qjm 2003, 96, 297-303. [CrossRef]
[PubMed ]

D’Elia, P.Q.; Dos Santos, A.A.; Bianco, B.; Barbosa, C.P.; Christofolini, D.M.; Aoki, T. MTHFR Polymorphisms C677T and A1298C
and Associations with IVF Outcomes in Brazilian Women. Reprod. Biomed. Online 2014, 28, 733-738. [ CrossRef] [PubMed ]
Zhu, Y.; Wu, T; Ye, L,; Li, G.; Zeng, Y.; Zhang, Y. Prevalent Genotypes of Methylenetetrahydrofolate Reductase (MTHFR) in
Recurrent Miscarriage and Recurrent Implantation Failure. J. Assist. Reprod. Genet. 2018, 35, 1437-1442. [CrossRef] [PubMed ]
Thaler, CJ.; Budiman, H.; Ruebsamen, H.; Nagel, D.; Lohse, P. Effects of the Common 677C>T Mutation of the 5,10-
Methylenetetrahydrofolate Reductase (MTHFR) Gene on Ovarian Responsiveness to Recombinant Follicle-Stimulating Hormone.
Am. . Reprod. Immunol. 2006, 55, 251-258. [CrossRef] [PubMed ]

Twigt, ].M.; Hammiche, F.; Sinclair, K.D.; Beckers, N.G.; Visser, ].A.; Lindemans, J.; De Jong, F.H.; Laven, ].S.E.; Steegers-Theunissen,
R.P.M. Preconception Folic Acid Use Modulates Estradiol and Follicular Responses to Ovarian Stimulation. J. Clin. Endocrinol.
Metab. 2011, 96, E322-E329. [CrossRef] [PubMed ]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biomedicines14092003


https://doi.org/10.1016/j.fertnstert.2011.03.023
https://www.ncbi.nlm.nih.gov/pubmed/21481373
https://doi.org/10.1016/j.fertnstert.2020.09.134
https://www.ncbi.nlm.nih.gov/pubmed/33280722
https://doi.org/10.1093/jn/129.9.1656
https://www.ncbi.nlm.nih.gov/pubmed/10460200
https://doi.org/10.1002/AJHB.70119
https://www.ncbi.nlm.nih.gov/pubmed/40785353
https://doi.org/10.1111/J.1365-2249.2012.04646.X
https://www.ncbi.nlm.nih.gov/pubmed/23039890
https://doi.org/10.1007/S00439-016-1652-Z
https://www.ncbi.nlm.nih.gov/pubmed/27068821
https://doi.org/10.26444/jpccr/189443
https://www.ncbi.nlm.nih.gov/pubmed/31213886
https://doi.org/10.1093/QJMED/HCG039
https://www.ncbi.nlm.nih.gov/pubmed/12651974
https://doi.org/10.1016/j.rbmo.2014.02.005
https://www.ncbi.nlm.nih.gov/pubmed/24746944
https://doi.org/10.1007/S10815-018-1205-6
https://www.ncbi.nlm.nih.gov/pubmed/29785531
https://doi.org/10.1111/J.1600-0897.2005.00357.X
https://www.ncbi.nlm.nih.gov/pubmed/16533336
https://doi.org/10.1210/JC.2010-1282
https://www.ncbi.nlm.nih.gov/pubmed/21123447
https://doi.org/10.3390/biomedicines14092003

	Introduction 
	Materials and Methods 
	Study Population 
	Controlled Ovarian Hyperstimulation 
	Hormonal Measurements 
	DNA Isolation and MTHFR Genotyping 
	Statistical Analysis 

	Results 
	Study Population Characteristics 
	Distribution of MTHFR Genotypes 
	Association Between MTHFR Polymorphisms and Controlled Ovarian Hyperstimulation Outcomes in Women with Thyroid Autoimmunity 

	Discussion 
	Conclusions 
	References



