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Objective: To investigate the association between methylenetetrahydrofolate reductase (MTHFR) gene polymorphisms and sub-
clinical hypothyroidism (SCH) in early pregnancy.

Methods: This retrospective case-control study included 100 pregnant women diagnosed with SCH and 300 pregnant women with
normal thyroid function who attended the Affiliated Hospital of Jiangnan University between June 2021 and December 2024. MTHFR
C677T and A1298C polymorphisms were detected using polymerase chain reaction—restriction fragment length polymorphism (PCR-
RFLP). Thyroid function indicators, including thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), and free thyroxine
(FT4), were measured. Genotype and allele distributions were compared, and dominant, recessive, and additive genetic models were
analyzed. Multivariate logistic regression analysis was performed to identify factors associated with SCH.

Results: The proportions of abnormal pre-pregnancy body mass index (BMI) and anemia history were significantly higher in the SCH
group than in the control group (P<0.05). Genotype distributions of both MTHFR loci conformed to Hardy—Weinberg equilibrium.
Significant differences were observed in genotype and allele distributions of the C677T locus between the two groups (P<0.05),
whereas no significant differences were found for the A1298C locus (P>0.05). Significant associations were observed under dominant,
recessive, and additive models for the C677T polymorphism (P<0.05). Pregnant women with the TT genotype showed higher TSH
levels than those with the CC and CT genotypes (P<0.05). Multivariate logistic regression analysis identified the C677T T allele,
abnormal pre-pregnancy BMI, and anemia history as factors associated with SCH (P<0.05).

Conclusion: The MTHFR C677T polymorphism is associated with SCH in early pregnancy, whereas no significant association was
observed for the A1298C polymorphism. Abnormal pre-pregnancy BMI and anemia history may also be associated with increased
SCH risk. Further prospective multicenter studies are required to validate these findings.
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Introduction

Thyroid functional status during pregnancy has an important impact on maternal health and fetal development, and with
the development of perinatal medicine, thyroid dysfunction during pregnancy has gradually attracted increasing
attention.! Among these conditions, subclinical hypothyroidism (SCH) in early pregnancy is a relatively common type
of thyroid dysfunction and is easily overlooked because of its insidious clinical manifestations.”> However, studies®* have
shown that SCH may be associated with adverse pregnancy outcomes such as miscarriage, preterm birth, hypertensive
disorders of pregnancy, and abnormal fetal neurodevelopment, making its early identification and intervention of
important clinical significance. At present, the pathogenesis of SCH during pregnancy has not been fully clarified. In
addition to insufficient or excessive iodine intake, autoimmune factors, and environmental factors, the role of individual
genetic background in disease susceptibility has gradually received attention. In recent years, with the development of
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molecular genetics, the role of gene polymorphisms in various endocrine and metabolic diseases has been gradually
revealed,”” providing a new direction for further understanding disease mechanisms.

As an important component of one-carbon metabolism, folate metabolism plays a key role in DNA synthesis, repair,
and methylation regulation.g’9 The demand for folate increases significantly during pregnancy, and changes in folate
metabolic status not only affect fetal development but may also participate in the occurrence of various pregnancy-related
diseases.'”!! Methylenetetrahydrofolate reductase (MTHFR) is a key enzyme in the folate metabolic pathway, and its
gene polymorphisms may lead to reduced enzyme activity, thereby affecting folate metabolic efficiency and increasing
homocysteine (Hey) levels.'? Previous studies'>'* have shown that polymorphisms at the C677T and A1298C loci of the
MTHEFR gene are closely associated with a variety of diseases such as cardiovascular diseases and pregnancy complica-
tions. However, studies on the relationship between MTHFR gene polymorphisms and SCH during pregnancy remain
relatively limited, and the reported findings have been inconsistent. Some studies have suggested that the MTHFR C677T
polymorphism, particularly the TT genotype, may be associated with elevated thyroid-stimulating hormone (TSH) levels
and an increased risk of thyroid dysfunction, whereas other studies failed to identify significant associations between
MTHER polymorphisms and thyroid function abnormalities.'>'® In addition, evidence regarding the role of different
polymorphic loci, particularly A1298C, remains limited and inconclusive. These discrepancies may be related to
differences in study populations, sample sizes, ethnic backgrounds, thyroid function assessment criteria, and adjustment
for potential confounding factors.

Furthermore, thyroid autoimmunity has been recognized as an important contributor to SCH during pregnancy. The
interaction among autoimmune factors, genetic susceptibility, iodine nutrition, and environmental exposures may jointly
influence thyroid function and pregnancy outcomes.'” Based on this, the present study took pregnant women in early
pregnancy from our hospital as the study subjects to analyze the correlation between polymorphisms at the C677T and
A1298C loci of the MTHFR gene and SCH, aiming to provide a reference for further clarifying its potential mechanisms
and clinical risk assessment.

Materials and Methods

General Information

Pregnant women who attended the Department of Obstetrics and Gynecology of our hospital and completed relevant
examinations from June 2021 to December 2024 were selected as the study subjects. The primary objective of this study
was to evaluate the association between MTHFR C677T and A1298C polymorphisms and the occurrence of subclinical
hypothyroidism (SCH) in early pregnancy. A retrospective case-control study design was adopted, and participants were
divided into the SCH group and the control group according to thyroid function test results. The SCH group included 100
pregnant women diagnosed with SCH in early pregnancy; during the same period, 300 pregnant women with normal
thyroid function in early pregnancy were selected in order of visit as the control group. All study subjects were in early
pregnancy (gestational age <12 weeks) and underwent thyroid function testing and MTHFR gene polymorphism testing
during early pregnancy.

The study period from June 2021 to December 2024 was chosen to ensure an adequate sample size and to include
multiple annual cohorts for consistency in clinical and laboratory procedures. The control group was selected in order of
visit due to the retrospective nature of the study; this approach may introduce selection bias, which is acknowledged as
a study limitation. This study was a single-center retrospective study. All study subjects were derived from existing
clinical data, and no additional interventions were performed. The study protocol was approved by the Medical Ethics
Committee of the Affiliated Hospital of Jiangnan University, Wuxi, China (Ethics approval number: FCK23-JY06) and
complied with the principles of the Declaration of Helsinki. All study procedures were conducted in accordance with
relevant ethical standards. As this was a retrospective study using anonymized clinical data, informed consent was
waived by the ethics committee. Participants with incomplete clinical records or missing genetic testing results were
excluded according to the predefined exclusion criteria. This study was conducted and reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement. The study flowchart is

shown in Figure 1.
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Figure | Flowchart of patient selection and study design.

Inclusion and Exclusion Criteria

Inclusion Criteria

(1) The SCH group met the diagnostic criteria of the 2017 American Thyroid Association (ATA) guidelines for the
diagnosis of thyroid disease during pregnancy;'® (2) pregnant women who established medical records and underwent
regular prenatal examinations in our hospital; (3) singleton pregnancy; (4) gestational age <12 weeks; (5) complete
clinical data, including thyroid function indicators and MTHFR gene testing results; (6) normal thyroid function in the

control group.

Exclusion Criteria

(1) Previous definite diagnosis of hypothyroidism, hyperthyroidism, thyroiditis, or other thyroid diseases; (2) presence of
significant dysfunction of major organs such as liver, kidney, or cardiovascular and cerebrovascular systems; (3)
comorbid diabetes mellitus, autoimmune diseases, malignant tumors, or other severe systemic diseases; (4) multiple
pregnancy; (5) use of levothyroxine sodium, antithyroid drugs, folate metabolism-related interventions, or other medica-
tions that may affect thyroid function or folate metabolism before or during early pregnancy; (6) recent infection, trauma,
or stress conditions; (7) incomplete clinical data or missing gene testing results.
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Observation Indicators and Detection Methods

General Clinical Data

General clinical data of the two groups of pregnant women were collected and compared, including age, gestational age,
pre-pregnancy body mass index (BMI), gravidity, parity, history of anemia, adverse pregnancy history, and family
history. BMI was calculated as body weight (kg)/height® (m?), and according to clinical research requirements, it was
categorized as normal or abnormal, with BMI <18.5 kg/m” or >24.0 kg/m* defined as abnormal.

Thyroid Function Testing

All study subjects underwent venous blood collection from the elbow vein in the early morning under fasting conditions
during early pregnancy, with fasting for 8§—12 hours prior to blood sampling. After sample collection, serum was
separated by routine centrifugation, and thyroid function indicators, including thyroid-stimulating hormone (TSH), free
triiodothyronine (FT3), and free thyroxine (FT4), were measured using chemiluminescence immunoassay (CLIA). All
tests were performed in strict accordance with the reagent instructions and instrument operating procedures, and internal
quality control was implemented to ensure the accuracy and stability of the results.

Detection of MTHFR Gene Polymorphisms

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to detect polymorphisms at
the C677T and A1298C loci of the MTHFR gene. Peripheral venous anticoagulated blood was collected, and genomic
DNA was extracted from peripheral blood leukocytes. After PCR amplification, the products were digested with
corresponding restriction enzymes and separated by agarose gel electrophoresis. Genotypes were determined based on
band patterns. The C677T locus was classified into CC, CT, and TT genotypes, and the A1298C locus into AA, AC, and
CC genotypes. Genotype frequencies and allele frequencies were also calculated. To ensure reliability, a portion of
samples was randomly selected for repeated testing.

Genetic Model Analysis

The association between polymorphisms at the MTHFR C677T locus and the occurrence of SCH was analyzed under
dominant (CT+TT vs CC), recessive (TT vs CC+CT), and additive (CC, CT, TT) models; corresponding genetic models
were also applied to the A1298C locus.

Multivariate Analysis

Taking the occurrence of SCH as the dependent variable, variables with statistical significance in univariate analysis as
well as clinically relevant factors were included in a multivariate Logistic regression model. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated to identify independent influencing factors for SCH occurrence.

Quality Control

To reduce bias and improve the reliability of the results, the following measures were adopted: (1) unified inclusion
and exclusion criteria were applied to strictly screen study subjects; (2) all subjects were derived from the same period
and the same medical institution to reduce differences related to region and testing platforms; (3) thyroid function tests
and gene detection were conducted by the hospital laboratory under unified standards; (4) two researchers indepen-
dently performed data entry and verification, and missing or abnormal values were rechecked; (5) Hardy—Weinberg
equilibrium testing was conducted before statistical analysis to assess sample representativeness; (6) relevant con-
founding factors were included in multivariate analysis for adjustment to minimize bias.

Statistical Methods

Statistical analysis was performed using SPSS 26.0 software. Measurement data were tested for normality; data with
normal distribution were expressed as mean + SD and compared between groups using independent sample #-tests, and
among multiple groups using analysis of variance; non-normally distributed data were expressed as median and
interquartile range and compared using rank-sum tests. Count data were expressed as number of cases and percentages,
and compared using the y’-test. Hardy—Weinberg equilibrium testing was used to assess whether the genotype
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distributions of MTHFR conformed to genetic equilibrium in both groups. As a retrospective case-control study, no
formal a priori sample size calculation was performed. The final sample size was determined by the number of eligible
participants who met the inclusion criteria during the study period, which is comparable to previous genetic association
studies in SCH and pregnancy populations. Multivariate Logistic regression analysis was used to identify independent
influencing factors for SCH occurrence, with adjustment for potential confounders including age, gestational age,
gravidity, parity, pre-pregnancy BMI, and anemia history. Due to the retrospective design, serum folate, vitamin B12,
homocysteine, and DNA methylation markers were not measured; therefore, the biological mechanism linking MTHFR
polymorphisms and SCH remains speculative. A P value <0.05 was considered statistically significant.

Results
Comparison of General Clinical Characteristics Between the Two Groups of Pregnant

Women

The distributions of basic demographic and reproductive indicators, including age, gestational age, gravidity, and parity, were
generally comparable between the two groups, with no statistically significant differences (P>0.05), indicating good baseline
comparability. Further analysis showed that the proportion of abnormal pre-pregnancy BMI was significantly higher in the SCH
group than in the control group (38.00% vs 24.33%, °=6.986, P=0.008). In addition, the prevalence of a history of anemia was
also significantly higher in the SCH group (29.00% vs 17.67%, x*=5.910, P=0.015). Detailed results are shown in Table 1.

Comparison of MTHFR Genotype and Allele Distribution Between the Two Groups
The Hardy—Weinberg equilibrium (HWE) test demonstrated that the genotype distributions of the MTHFR C677T and
A1298C loci were consistent with genetic equilibrium in both the SCH and control groups (C677T: y°=0.63, P=0.43 in
the SCH group; x*=1.79, P=0.18 in the control group; A1298C: ¥>=2.04, P=0.15 in the SCH group; x*=2.95, P=0.086 in
the control group), indicating satisfactory population representativeness and genetic stability of the study samples.

At the C677T locus, significant differences in genotype and allele distributions were observed between the two
groups. The proportion of the TT genotype was higher in the SCH group than in the control group (26.00% vs 16.00%),
and the frequency of the T allele was also significantly higher in the SCH group (49.00% vs 37.67%) (both P<0.05). In
contrast, no statistically significant differences were identified in genotype or allele distributions at the A1298C locus
(P>0.05). Detailed results are shown in Tables 2 and 3.

Table | Comparison of General Clinical Characteristics Between the Two Groups of
Pregnant VWomen

SCH Group (n=100) | Control Group (n=300) | t/x? P
Age (years) 29.76+4.18 29.31+4.47 0.885 | 0.376
Gestational age (weeks) 9.12%1.83 8.97%1.69 0.752 | 0.452
Abnormal BMI - - 6.986 | 0.008
Yes 38 (38.00%) 73 (24.33%) - -
No 62 (62.00%) 227 (75.67%) - -
Gravidity (times) 1.58+0.79 1.47+0.73 1.278 | 0.202
Parity (times) 0.69+0.61 0.63+0.54 0.930 | 0.352
History of anemia - - 5910 | 0.015
Yes 29 (29.00%) 53 (17.67%) - -
No 71 (71.00%) 247 (82.33%) - -
Adverse pregnancy history - - 0.396 | 0.528
Yes 18 (18.00%) 46 (15.33%) - -
No 82 (82.00%) 254 (84.67%) - -
Family history - - 0.136 | 0.712
Yes 12 (12.00%) 32 (10.67%) - -
No 88 (88.00%) 268 (89.33%) - -
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Table 2 Comparison of Genotype and Allele Distribution of MTHFR C677T Locus
Between the Two Groups

Item - Genotype | SCH Group (n=100) | Control Group (n=300) x2 P
CccC 28 (28.00%) 122 (40.67%) 5.134 | 0.023
CcT 46 (46.00%) 130 (43.33%) - -
TT 26 (26.00%) 48 (16.00%) - -
Item - Genotype - - 7.995 | 0.004
C 102 (51.00%) 374 (62.33%) - -
T 98 (49.00%) 226 (37.67%) - -

Table 3 Comparison of Genotype and Allele Distribution of MTHFR A1298C Locus
Between the Two Groups

Item - Genotype | SCH Group (n=100) | Control Group (n=300) X’ P
AA 52 (52.00%) 170 (56.67%) 0.661 | 0.416
AC 36 (36.00%) 104 (34.67%) - -
CcC 12 (12.00%) 26 (8.67%) - -

Item - Genotype - - 1.217 | 0.269
A 140 (70.00%) 444 (74.00%) - -
C 60 (30.00%) 156 (26.00%) - -

Genetic Model Analysis

Further analysis under different genetic models demonstrated significant associations between the MTHFR C677T
polymorphism and SCH. Compared with the CC genotype, the CT genotype was associated with an OR of 1.54 (95%
CI: 0.91-2.62), whereas the TT genotype was associated with an OR of 2.36 (95% CI: 1.26-4.43). Under the dominant
model (CT+TT vs CC), the OR was 1.76 (95% CI: 1.08-2.89), and under the recessive model (TT vs CC+CT), the OR
was 1.84 (95% CI: 1.07-3.18). These findings suggest that the presence of the T allele was significantly associated with
SCH in this study population. Detailed results are shown in Table 4.

Comparison of Thyroid Function Among Different Genotypes

Comparison of thyroid function indicators among different C677T genotypes showed significant differences in TSH
levels (F=9.842, P<0.001). TSH levels were highest in individuals with the TT genotype, followed by those with the CT
genotype and CC genotype. No significant differences were observed in FT3 or FT4 levels among the three genotype
groups (P>0.05). Detailed results are shown in Table 5.

Multivariate Logistic Regression Analysis of Factors Associated with SCH
Using the occurrence of SCH as the dependent variable, variables with statistical significance in univariate analysis were
included in a multivariate Logistic regression model. The results showed that the T allele at the MTHFR C677T locus,

Table 4 Association Between MTHFR C677T
Polymorphism and SCH Under Different Genetic

Models
Genetic Model OR 95% CI P
CT vs CC 1.54 | 0.91-2.62 | 0.116
TT vs CC 236 | 1.26-4.43 | 0.007

Dominant (CT+TT vs CC) | 1.76 | 1.08-2.89 | 0.024
Recessive (TT vs CC+CT) | 1.84 | 1.07-3.18 | 0.028
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Table 5 Comparison of Thyroid Function Among Different C677T

Genotypes
Item CC (n=150) | CT (n=176) | TT (n=74) | F P
TSH (mIU/L) 3.12+0.84* 3.45+0.92% 3.98+1.05 | 9.842 | <0.001
FT3 (pmol/L) 4.52+0.61 4.49+0.58 4.46+0.63 | 0.261 | 0.770
FT4 (pmol/L) 13.78+1.72 13.62+1.65 13.54£1.81 | 0.600 | 0.549

Note: *Compared with TT, P<0.05.

Table 6 Multivariate Logistic Regression Analysis of Factors Associated

with SCH
Factor B SE | Wald P OR 95% CI
Abnormal BMI 0.643 | 0.265 | 6.057 | 0.014 | 1.902 | I.142-3.181
History of anemia | 0.582 | 0.276 | 4.613 | 0.032 | 1.798 | 1.053-3.067
T allele 0.824 | 0.301 | 7.476 | 0.006 | 2.277 | 1.273-4.059

abnormal pre-pregnancy BMI, and a history of anemia were independently associated with SCH (all P<0.05). Among
these factors, carriage of the T allele was significantly associated with SCH (OR=2.277, 95% CI: 1.273—4.059, P=0.006).
In addition, abnormal pre-pregnancy BMI (OR=1.902, 95% CI: 1.142-3.181, P=0.014) and a history of anemia
(OR=1.798, 95% CI: 1.053-3.067, P=0.032) were also associated with SCH. Detailed results are shown in Table 6.

Discussion

Early pregnancy is a critical period for embryonic organ formation and nervous system development. During this stage,
fetal thyroid function is not yet fully established, and the fetus relies heavily on maternal thyroid hormone supply.
Therefore, even mild abnormalities in maternal thyroid function may adversely affect pregnancy outcomes and fetal
development.'® Due to its subtle clinical manifestations and mild laboratory changes, SCH is easily overlooked in clinical
practice. However, previous studies®*?' have suggested that SCH during pregnancy is associated with adverse outcomes
such as miscarriage, preterm birth, hypertensive disorders of pregnancy, and impaired fetal neurodevelopment. Therefore,
clarifying its risk factors is clinically important. In this study, pregnant women in early pregnancy were selected to
investigate the relationship between polymorphisms of the folate metabolism-related enzyme MTHFR and the occurrence
of SCH. The results showed that the C677T polymorphism of the MTHFR gene was associated with the occurrence of
SCH in early pregnancy, with the T allele potentially increasing the risk of SCH, whereas no significant association was
observed for the A1298C locus. In addition, abnormal pre-pregnancy BMI and a history of anemia were identified as
independent risk factors for SCH. These findings suggest that SCH in early pregnancy may be associated with genetic
background, nutritional and metabolic status, and maternal physiological changes.

We first compared the general clinical characteristics of the two groups. No significant differences were observed in
age, gestational age, gravidity, parity, adverse pregnancy history, or family history between the two groups, indicating
good baseline comparability. The proportions of abnormal pre-pregnancy BMI and history of anemia were higher in the
SCH group and remained significant in multivariate analysis, suggesting that maternal nutritional and metabolic status
may be associated with SCH in early pregnancy. Pregnancy is a high-metabolic state that increases the requirements for
energy, micronutrients, and endocrine homeostasis.***> Low pre-pregnancy BMI may indicate insufficient nutritional
reserves, often accompanied by deficiencies in folate, iron, and vitamins; conversely, high BMI is often associated with
insulin resistance, chronic low-grade inflammation, and lipid metabolism disorders. These changes may be associated
with SCH through effects on the hypothalamic—pituitary—thyroid (HPT) axis, thyroid hormone metabolism, and stress
responses.”*** The association between anemia and SCH may also be biologically plausible. Anemia, particularly
nutrition-related anemia, often reflects deficiencies in iron, folate, and B vitamins, which are closely involved not only

in folate metabolism but also in the synthesis, transport, and metabolism of thyroid hormones.® Therefore, anemia may
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reflect broader nutritional and metabolic insufficiency rather than only a hematological abnormality. Previous studies®’*®

have also reported associations between abnormal body weight, malnutrition, anemia, and thyroid dysfunction during
pregnancy, and the findings of this study are consistent with these observations.

In the genetic analysis, the genotype distributions of the MTHFR C677T and A1298C loci were consistent with
Hardy—Weinberg equilibrium. The C677T genotype distribution differed significantly between the two groups, with
a higher T allele frequency in the SCH group, suggesting that the C677T polymorphism may be associated with SCH
susceptibility in early pregnancy. MTHFR is a key enzyme in the folate metabolism pathway, catalyzing the conversion
of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, which serves as an important methyl donor in the
remethylation of Hey.”” The C677T locus is one of the most common and functionally significant polymorphic sites
in the MTHFR gene. Studies®® have shown that the T allele can reduce enzyme activity, leading to decreased folate
utilization efficiency and elevated Hcy levels. Abnormal folate metabolism may affect DNA synthesis, methylation,
oxidative stress, and endothelial function. These changes may influence thyroid microenvironment and hormone
regulation.>' In early pregnancy, increased requirements for folate and thyroid hormones may make thyroid regulation
more susceptible to metabolic disturbances. Therefore, although causality cannot be inferred, the C677T polymorphism
may be associated with thyroid dysfunction susceptibility during pregnancy. In contrast, no significant differences were
observed in genotype or allele distributions at the A1298C locus between the two groups, suggesting a relatively limited
association with SCH in early pregnancy. This finding is consistent with the variable functional effects of different
MTHEFR loci. Previous studies®** have indicated that although the A1298C polymorphism can affect MTHFR enzyme
activity, its impact is generally weaker than that of C677T and has a relatively smaller effect on folate metabolism and
Hcy levels. The role of A1298C may also vary across populations and disease contexts. The absence of a significant
association for A1298C suggests that C677T may be more closely related to SCH in this population. Further studies with
larger sample sizes and diverse populations are needed to clarify the role of the A1298C locus in thyroid dysfunction
during pregnancy.

Genetic model analysis further showed that the C677T polymorphism was associated with SCH under dominant,
recessive, and additive models. The dominant and recessive models suggest that both T allele carriage and the TT
genotype may be associated with SCH. The additive model suggests a possible allele-dose association. These findings are
consistent with the functional characteristics of the MTHFR C677T polymorphism. The CT genotype is generally
associated with partial reduction of enzyme activity, whereas the TT genotype may lead to a more pronounced decrease
in MTHFR activity.** These findings provide additional statistical support for the association between C677T and SCH.

We further explored this association using thyroid function indicators. The results showed that TSH levels differed
significantly among different C677T genotypes, with the TT genotype exhibiting higher TSH levels than the CC and CT
genotypes, while no significant differences were observed in FT3 and FT4 levels. This finding is consistent with the
pathophysiological characteristics of SCH. The TT genotype was associated with elevated TSH levels without corre-
sponding decreases in FT3 or FT4, suggesting a possible relationship with early HPT-axis feedback changes while
peripheral thyroid hormone levels remain relatively stable This suggests that C677T may serve as a potential risk
indicator for SCH rather than a marker of disease severity. Previous studies®® have similarly reported an association
between the MTHFR C677T polymorphism, particularly the TT genotype, and elevated TSH levels, and the findings of
this study are generally consistent with these trends.

In the multivariate Logistic regression analysis, the T allele at the MTHFR C677T locus, abnormal pre-pregnancy
BMI, and history of anemia were independently associated with SCH in early pregnancy. This suggests that the
association between C677T and SCH persisted after adjustment for clinical factors such as abnormal BMI and anemia.
The associations of abnormal BMI and anemia further support the potential combined influence of genetic, metabolic,
and nutritional factors.*® From a clinical perspective, these findings provide important implications. Pregnant women
with abnormal pre-pregnancy BMI, anemia history, or T allele carriage may require closer thyroid function monitoring.
Enhanced thyroid monitoring and nutritional assessment may facilitate early identification and intervention.

From a mechanistic perspective, abnormal folate metabolism may partly explain the observed association between
MTHFR polymorphisms and SCH. Reduced MTHFR activity leads to decreased production of methyl donors and
elevated Hcy levels, which may affect thyroid function through multiple pathways. Elevated Hcy, endothelial
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dysfunction, oxidative stress, and altered DNA methylation may potentially affect thyroid tissue homeostasis and
hormone regulation.”f39 However, because folate, vitamin B12, Hcy, and methylation markers were not measured in
this study, these mechanisms remain speculative and require further validation.

This study has several limitations. (1) This was a single-center retrospective case-control study; although a single
institution reduces variability in testing platforms and clinical management, the generalizability of the findings may be
limited. (2) The sample size was moderate, and the statistical power may be insufficient to detect subtle associations for
loci with weaker effects, such as A1298C. (3) Key biochemical indicators, including folate, vitamin B12, and Hcy, were
not measured, limiting direct mechanistic interpretation. (4) Other factors, including thyroid autoantibody status, iodine
nutrition, and dietary supplementation, were not analyzed in detail and should be considered in future studies.

Conclusion

The MTHFR C677T polymorphism is associated with the occurrence of SCH in early pregnancy, and the T allele may
serve as an important genetic susceptibility factor, whereas no significant association was observed for the A1298C locus.
These findings indicate that maternal genetic background, specifically the C677T variant, contributes to SCH risk in early
pregnancy. Future studies with larger sample sizes, multicenter designs, and prospective approaches are warranted to
further validate these associations and explore their potential utility in early screening and precision interventions for
high-risk populations.
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The authors report no conflicts of interest in this work.
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