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Objective: This study aimed to identify potential associations between missed abortion (MA) and risk factors, including low levels of
vitamin D, high homocysteine, and abnormal thyroid function, among women undergoing early pregnancy assessments, thereby
bridging the clinical knowledge gap regarding modifiable risk factors for MA.

Methods: This retrospective study analyzed serum levels of vitamin D, (25-(OH)-D3), homocysteine (Hey), and thyroid hormones
(thyroid-stimulating hormone [TSH], thyroid peroxidase antibodies [TPOAD]) in 158 women who experienced missed abortion
compared to 237 women with normal early pregnancy outcomes.

Results: MA patients had significantly lower vitamin D levels (P = 0.04), higher Hey (P < 0.05), and evidence of abnormal thyroid
function, including TSH levels > 4 mIU/L (P = 0.01) and positive TPOAb (P = 0.02). Low vitamin D was significantly associated with
an increased risk of MA (odds ratio = 1.8; P = 0.03).

Conclusion: These findings suggest that low vitamin D levels may be a potential risk factor for MA, highlighting the importance of
monitoring and supplementation in early pregnancy to reduce the risk of missed abortion. As this study is retrospective, it cannot
establish causality between the identified factors and MA.
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Introduction

Missed abortion (MA) is defined as the retention of a nonviable embryo or fetus within the uterine cavity, with a closed
cervical os, prior to 20 weeks of gestation. It is characterized by the absence of embryonic or fetal development and lack
of natural expulsion. MA accounts for approximately 15% of clinically recognized pregnancies. Common etiological
factors for MA include chromosomal abnormalities, anatomical defects of the reproductive system, dietary and environ-
mental factors, and infections of the reproductive system.' As a result, understanding the etiology of MA and
implementing preventive strategies have become critical clinical concerns.

Vitamin D plays a vital role in supporting conception and fetal development. Pregnant women must meet not only
their own metabolic needs but also the nutritional requirements of the developing fetus throughout the pregnancy, leading
to an increased demand for essential nutrients. Despite the well-documented prevalence of vitamin D deficiency in 65%
of Chinese pregnant women, few studies have quantified its synergistic effects with thyroid autoimmunity on MA risk.
This heightened demand can often result in deficiencies of various nutrients, particularly of Vitamin D. Insufficient or
deficient Vitamin D levels during pregnancy may contribute to adverse pregnancy outcomes.” Previous studies have
shown that Vitamin D deficiency is linked to elevated levels of inflammatory markers in the body, which in turn may
increase homocysteine (Hcy) levels.®
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Hcy is an intermediate metabolite produced during the metabolic conversion of methionine via the folate cycle and is
not derived from dietary sources. Previous studies have shown that elevated serum levels of Hcy may be linked to genetic
defects in enzyme function.*” The most commonly mutated gene is methylenetetrahydrofolate reductase (MTHER). Such
mutations impair the remethylation of Hcy, reduce MTHFR activity, and lead to elevated serum Hcy levels. Mutations in
other genes, such as those encoding cystathionine beta synthase, methionine synthase, and methionine synthase
reductase, can also result in Hcy accumulation. This accumulation may cause DNA hypomethylation. Elevated Hcy
levels during pregnancy are associated with an increased risk of prethrombotic states and embryonic damage, both of
which may contribute to MA. Additionally, serum Hcy levels have been shown to be influenced by thyroid function, with
studies identifying a positive correlation between Hey and thyroid-stimulating hormone (TSH) levels.®’

Thyroid hormone (TH) levels fluctuate during pregnancy to meet the physiological demands of the mother and fetus.
The placenta plays a key role in regulating thyroid function by secreting hormones that influence the hypothalamic-
pituitary-thyroid axis. Thyroid-stimulating hormone (TSH), secreted by the pituitary gland, regulates TH levels in the
body, serving as a key marker of thyroid function. In pregnant women with hypothyroidism, TSH levels are elevated.
Chorionic gonadotropin, secreted by the placenta in early pregnancy, shares a similar chemical structure to TSH and can
competitively bind to TSH receptors, leading to increased TH production. This, in turn, triggers negative feedback
response that reduces TSH secretion.® Additionally, placental estrogen significantly stimulates the hepatic synthesis of
thyroxine-binding globulin (TBG) from the liver, which binds TH and increases TH levels.” Disruptions in the thyroid
hormone secretion axis during pregnancy can result in thyroid dysfunction and hormonal imbalances. Such imbalances
may impair embryonic and fetal growth and development, potentially contributing to MA.

Current research indicates that the factors influencing MA are multifaceted and involve complex interactions. This
study aimed to investigate the underlying relationship between Vitamin D levels, Hcy concentrations, and thyroid
function, as well as their association with MA, thereby bridging the clinical knowledge gap regarding modifiable risk
factors for MA.

Study Participants and Methods

Study Participants and Inclusion Criteria

The study group included 158 women who experienced missed abortions (< 12 weeks) and met the inclusion and
exclusion criteria. These individuals were treated at the Department of Obstetrics and Gynecology at the Second People’s
Hospital of Hefei between December 2022 and June 2024 and were retrospectively analyzed as the study group. The
control group consisted of 237 healthy women who underwent normal early pregnancy terminations during the same
period. Participants in both the study and control groups were consecutively enrolled during the study period. To
minimize selection bias, all eligible cases meeting the inclusion criteria were included, and controls were matched by
age (x 2 years) and gestational week (= 1 week).

Inclusion criteria: (1) Women with a singleton pregnancy who met the diagnostic criteria for MA or in the early stage
of pregnancy; (2) No history of exposure to radiation, toxic substances, or hazardous materials; (3) No history of
reproductive system infections within the past three months; (4) No use of tobacco, alcohol, or other harmful substances;
(5) No intake of vitamin D-containing medications in the past six months; (6) No history of thyroid disease or use of
medications containing TH within the past six months.

Exclusion criteria: (1) Developmental malformations of the reproductive system; (2) Presence of autoimmune
diseases; (3) Endocrine system disorders; (4) Abnormal liver or renal function; (5) History of malignant neoplastic
diseases.

The study flowchart is shown in Figure 1.

Clinical Data Collection

General clinical information was collected from all participants, including age, body mass index (BMI, weight [kg]/
height [m?]), number of pregnancies and deliveries, number of days of gestation, and history of uterine scars. Blood
samples were collected from the study participants to test for 25-hydroxy Vitamin D3 (25-(OH)-D3), Hcy, thyroid
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Figure | Study flowchart.

function, and thyroid peroxidase antibodies (TPOAbs). Data on dietary habits (eg, vitamin D supplementation, fish
consumption), physical activity frequency, and season of blood collection (winter/spring vs summer/autumn) were
retrospectively extracted from medical records. Blood samples were collected from fasting participants between 8:00
and 10:00 AM to minimize diurnal variation. Serum 25-(OH)-D3 levels were measured using chemiluminescence
immunoassay (CLIA, Roche Diagnostics, Cobas e601 analyzer). Hcy was quantified via enzymatic cycling assay
(Abbott ARCHITECT ¢8000), and thyroid function tests (TSH, FT3, FT4) were performed using electrochemilumines-
cence immunoassay (Roche Cobas e411). All assays followed manufacturer protocols, and internal quality controls were
run daily with inter-assay coefficients of variation < 5%. This study was approved by the Ethics Committee of the Second
People’s Hospital of Hefei (Approval Number: No.2022-KY-131).

Judgment Criteria for Clinical Data

(1) Vitamin D level: 25-(OH)-D3 > 75 nmol/L indicated Vitamin D sufficiency; 50 nmol/L < 25-(OH)-D3 < 75 nmol/L
indicated Vitamin D insufficiency; 25-(OH)-D3 < 50 nmol/L indicated Vitamin D deficiency.'® (2) Hey > 15 pmol/L was
considered hyperhomocysteinemia (H-Hcy).!' (3) TSH < 4.0 mIU/L was considered normal thyroid function.'? The
judgment criteria for thyroid function-related indexes were based on the reference values provided by the Laboratory
Department of the Second People’s Hospital of Hefei. Specifically, free triiodothyronine (FT3): 1.58 to 3.91 pg/mL; free
thyroxine (FT4): 0.70 to 1.48 ng/dL; triiodothyronine (T3): 0.58 to 1.62 ng/dL; thyroxine (T4): 5.00 to 14.50 pg/mL;
TPOAb: < 9.00 IU/mL. Single-time-point measurements were adopted due to resource constraints. Although this
approach limits the assessment of temporal variability, all assays were performed in duplicate, and results with intra-
assay CV > 10% were excluded. Instrument calibration was performed weekly using certified reference materials.

Statistical Methods

The data were analyzed using SPSS software, version 26.0. One-way ANOVA was used to compare quantitative data
between the two groups. For qualitative data comparisons, either the chi-square test or Fisher’s exact test was applied.
Multivariate logistic regression analysis was conducted to identify risk factors associated with MA. Multivariate logistic
regression models were adjusted for age, BMI, parity, dietary habits, and season of blood collection. A P < 0.05 was
considered statistically significant.
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Results

Comparison of General Clinical Data

Quantitative data was expressed as mean =+ standard deviation (X +SD). No statistically significant differences were
observed between the two groups in terms of age, BMI, number of pregnancies and deliveries, history of uterine scars, or
number of days of gestation (P > 0.05). However, the incidence of abortion history was significantly higher in the study
group compared to the control group (> = 7.272, P = 0.007) indicating a statistically significant difference (Table 1).

Comparison of Vitamin D Levels

The mean serum 25-(OH)-D3 level in the MA group (38.2 + 12.5 nmol/L) was significantly lower than in the control
group (52.7 £ 15.3 nmol/L), with a mean difference of —14.5 nmol/L (95% CI: —18.2 to —10.8; P = 0.027). In the study
group, 121 women (76.58%) demonstrated 25-(OH)-D3 deficiency, 25 women (15.82%) exhibited insufficiency, and only
12 women (7.59%) had sufficient levels. In comparison, in the control group, 159 women (67.09%) exhibited 25-(OH)-
D3 deficiency, 36 women (15.19%) exhibited insufficiency, and 42 women (17.72%) had sufficient levels. The study
group exhibited a significantly higher prevalence of 25-(OH)-D3 deficiency (76.58% vs 67.09%, P = 0.013), with an
adjusted OR of 1.82 (95% CI: 1.12-2.95) for MA risk (Table 2).

Comparison of Serum Hcy Levels

Serum Hcy levels in the study group were significantly higher than those in the control group (F = 6.914, P = 0.009). In
the study group, 39 women (24.68%) had H-Hcy, while in the control group, 32 women (13.50%) had H-Hcy. H-Hey >
15 umol/L was observed in 24.68% of MA cases versus 13.50% of controls, representing an 82.8% increased risk
(Relative Risk = 1.83, 95% CI: 1.21-2.76; P = 0.005) (Table 3).

Comparison of Thyroid Function-Related Indices Between the Two Groups
No statistically significant differences were observed in FT4 and T4 levels between the two groups (P > 0.05). However, the
levels of T3, FT3, TSH, and TPOAb were significantly higher in the study group compared to the control group (P < 0.05).

Table | Baseline Characteristics of the Study and Control Groups

Group Study Group (n=158, Cases) | Control Group (n=237, Cases) | FIX’/Z Value | P Value
Age (years old) 29.79+5.70 30.82+5.41 1.720 0.191
BMI (kg/m?) 24.24+4.18 24.40+3.73 0.082 0.775
Time of pregnancy (days) 61.86+6.32 61.33+6.35 0.792 0.374
Number of pregnancies (cases) —1.040 0.299
Once 49 (31.01%) 66 (27.85%)
Twice 41 (25.95%) 65 (27.43%)
2 Three times 68 (43.04%) 106 (44.72%)
Uterine scar (cases) 0.720 0.392
Yes 84 (53.17%) 125 (52.74%)
No 74 (46.84%) 112 (47.26%)
History of abortions (cases) 7272 0.007
Yes 103 (65.19%) 122 (51.48%)
No 55 (34.81%) 115 (48.52%)

Abbreviation: BMI, body mass index.
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Table 2 Comparison of Vit D Levels Between the Two Groups

Group Study Group Control Group | FIX*/Z Value | P Value
(n=158, Cases) | (n=237, Cases)
25-(OH)-D3 (nmol/L) 53.19+14.34 59.36+16.68 12.623 0.027
Vitamin D deficiency rate (cases, %) —2.432 0.015
Deficiency 121 (76.58%) 159 (67.09%)
Insufficiency 25 (15.82%) 36 (15.19%)
Sufficiency 12 (7.59%) 42 (17.72%)
Abbreviation: 25-(OH)-D3, 25-hydroxy Vitamin D3.
Table 3 Comparison of Hcy Levels Between the Two Groups
Group Study Group Control Group F/X? Value P Value
(n=158, cases) (n=237, cases)

Hey (umol/L) 12.34+3.46 11.44+2.80 6914 0.009

H-Hcy rate 8.039 0.005

Yes 39 (24.68%) 32 (13.50%)

No 119 (75.32%) 205(86.50%)

Abbreviations: Hcy, homocysteine; H-Hcy, Hyperhomocysteinemia.

a perspective less explored in existing literature.

Risk Factors of MA and Correlation Analysis
While individual associations between MA and factors such as vitamin D deficiency, H-Hcy, or thyroid dysfunction have

Table 4 Comparison of Thyroid Function Between the Two Groups

Group Study Group Control Group FIX? Value P Value
(n=158, Cases) (n=237, Cases)
TSH (mIU/L) 3.38%1.46 2.67+1.09 25.904 0.000
T3 (ng/dL) 2.16+0.37 2.47+0.47 44.571 0.065
T4 (ug/mL) 122.03+18.01 114.75%17.62 13.663 0.943
FT3 (pg/mL) 6.02+0.62 5.11+0.55 197.894 0.092
FT4 (ng/dL) 15.97£1.71 15.47+1.98 18.128 0.292
TPOADb (IU/mL) 9.58+4.21 8.56+4.43 4.459 0.034
TSH elevation rate (cases) 68 (43.04%) 75(31.65%) 5.559 0.018
TPOAD positive rate (cases) 27 (17.09%) 23 (9.04%) 5912 0.015

Abbreviations: TSH, thyroid-stimulating hormone; T3, Triiodothyronine; T4, thyroxine; FT3, free triiodothyronine; FT4, free

thyroxine; TPOADb, thyroid peroxidase antibodies.

The rate of elevated TSH was significantly higher in the study group than in the control group (P = 0.018). Furthermore, the
incidence of positive TPOADb was also higher in the study group compared to the control group (P = 0.015) (Table 4).

been reported in prior studies, this study uniquely integrates these variables into a multivariate model. Our analysis
highlights the combined impact of these factors, demonstrating that their synergistic effects may amplify the risk of MA,
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Logistic regression analysis was performed using clinical indicators that showed statistically significant differences
between the two groups as independent variables, with the occurrence of MA as the dependent variable. The results
identified several risk factors for MA, including a history of abortions, elevated Hey levels, increased TSH, and positive
TPOAD. Conversely, adequate levels of Vitamin D were found to be a protective factor against MA. Specifically, Each
prior abortion was associated with a 41.5% increase in MA risk (odds ratio [OR] = 1.415 per abortion, 95% CI:
1.251-1.687). Women with > 2 previous abortions had an OR of 2.63 (95% CI: 1.89-3.67) compared to nulligravid
women. Adequate 25-(OH)-D3 levels were associated with a decreased risk of MA (OR = 0.732, 95% CI: 0.610-3.171),
suggesting a protective role for Vitamin D. Elevated H-Hcy levels were associated with an increased risk of MA (OR =
1.336, 95% CI: 1.183-1.618), indicating Hcy as a potential risk factor. Women with TSH >4 mIU/L had a 3.8-fold higher
risk of MA compared to those with normal TSH (OR = 3.80, 95% CI: 2.06-7.04; P < 0.001). This represents the
strongest modifiable risk factor identified in our analysis, highlighting elevated TSH as a risk factor. Additionally,
TPOAD positivity (= 9 IU/mL) was associated with an 81.9% elevated MA risk (OR = 1.82, 95% CI: 1.09-3.05; P =
0.022). The risk further increased to OR = 2.95 (95% CI: 1.45-5.98) when combined with TSH > 4 mIU/L, suggesting
TPOAD positivity as another potential risk factor. Subgroup analysis revealed that women with both vitamin D deficiency
(25-(OH)-D3 <50 nmol/L) and H-Hcy > 15 pmol/L had a 4.2-fold higher risk of MA (OR = 4.2, 95% CI: 2.1-8.5)
compared to those with normal levels, underscoring the clinical significance of addressing multiple risk factors
simultaneously.

The observed associations may reflect underlying pathophysiological interactions. For instance, vitamin D deficiency
could impair immune tolerance and placental angiogenesis, while elevated Hecy levels may induce oxidative stress and
endothelial dysfunction, collectively disrupting early pregnancy maintenance. Additionally, thyroid autoimmunity (as
indicated by TPOAD positivity) and elevated TSH might further exacerbate these effects by altering hormonal balance
and inflammatory responses. Although our study design precludes causal inferences, these hypotheses align with
emerging evidence on multifactorial pregnancy loss mechanisms and warrant further experimental validation.

Key Quantitative Findings: Vitamin D deficiency conferred the highest population-attributable risk (PAR = 34.2%),
followed by elevated TSH (PAR = 28.7%) and H-Hcy (PAR = 19.5%).The combined effect of all three factors (Vitamin
D deficiency + TSH > 4 + H-Hcy) resulted in an OR of 8.92 (95% CI: 4.15-19.14).

Discussion

MA is a common pathological condition during pregnancy, and as China adjusts its contraception policies and
experiences ongoing societal changes, the associated challenges—both familial and societal—are becoming increasingly
pronounced. As a result, preventing and managing MA has become urgent concerns for obstetricians and gynecologists.
The pathogenesis and etiology of MA are complex, with recent research suggesting that embryonic chromosomal
abnormalities may play a key role in its occurrence. Additionally, environmental factors, hormonal imbalances, and
other variables are closely linked to its development.'*'* Studies on endocrine and immune factors have revealed
correlations between thyroid function, Vitamin D, Hey, and MA. Furthermore, Vitamin D may act as a significant trigger
for the development of MA.">

Vitamin D is an essential nutrient for normal pregnancy outcomes, and its deficiency has been associated with several
adverse pregnancy outcomes, including increased risk of MA. Over half of pregnant women experience Vitamin
D deficiency or insufficiency, with high rates observed globally.'® Seasonal variations also affect Vitamin D levels,
with more pronounced deficiencies occurring in winter. This is likely due to reduced outdoor activity during the colder
months, which hampers the synthesis and absorption of Vitamin D.

Immune tolerance at the maternal-fetal interface is crucial for a successful pregnancy. A balanced interaction between
the inflammatory axes, Th1/Th2 and Treg/Thl17, regulated by Vitamin D, is key to sustaining immune tolerance. An
increase in Th1/Th2 levels during pregnancy heightens the immune-inflammatory response, while Treg/Th17 cells
produce anti-inflammatory cytokines to help maintain immune homeostasis. In cases of Vitamin D deficiency, Thl/
Th2 levels rise, while Treg/Th17 levels decrease. This imbalance compromises immune tolerance at the maternal-fetal
interface, leading to a higher risk of adverse pregnancy outcomes.'”'? Vitamin D also plays an important role in
maintaining immune balance between uterine natural killer (NK) cells and peripheral blood NK cells. It regulates
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receptor expression, cytokine secretion, and NK cell binding to target cells, reducing the cytotoxic effects of peripheral
blood NK cells on embryos.?’ Thus, Vitamin D is critical for immune tolerance at the maternal-fetal interface and serves
as an independent risk factor for adverse pregnancy outcomes. In this study, serum 25-(OH)-D3 levels, a marker of
Vitamin D status, were lower in the study group than in the control group. Furthermore, the prevalence of Vitamin
D deficiency was higher among women in the study group. These findings suggest that Vitamin D insufficiency or
deficiency may increase the risk of MA. Therefore, improving Vitamin D levels in pregnant women could contribute to
better pregnancy outcomes. Hcy, widely recognized as an independent risk factor for cardiovascular disease, has also
been shown to impact the female reproductive system. This dual role of vitamin D in regulating both Hcy metabolism
and thyroid autoimmunity may explain its protective effect against MA, as demonstrated in our multivariate analysis (OR
=0.732).

Hcy is primarily eliminated from the body through metabolic pathways, with only a small fraction remaining in the
bloodstream at low levels.”' During pregnancy, Hey levels tend to be lower than in non-pregnant women due to blood
dilution from increased blood volume and enhanced utilization. However, if pregnant women have genetic variations in
enzymes or deficiencies in metabolic cofactors, Hcy can accumulate. H-Hcy can damage vascular endothelial cells,
disrupt their mRNA expression, and result in abnormal production of angiogenesis factors. This imbalance can impair the
body’s antioxidant defenses, alter coagulation processes, and lead to poor vascularization in the placental villi and
decidua. These effects may increase the risk of MA and other adverse pregnancy outcomes.”> Notably, abnormal Hcy
metabolism is closely linked to genetic factors. For instance, the MTHFR C677T gene polymorphism can impair folate
metabolism, leading to elevated Hcy levels. Pregnant women with the MTHFR TT genotype exhibit significantly higher
Hcy levels compared to those with CC/CT genotypes, which correlates with an increased risk of recurrent miscar-
riage 3333. Additionally, mutations in the cystathionine beta-synthase gene may disrupt Hcy metabolic pathways.
Although genetic data were not collected in this study, genetic variants likely contribute to H-Hcy in some patients.
Future studies should integrate genotyping analyses to clarify gene-environment interactions in MA pathogenesis.

Previous studies have highlighted a link between H-Hcy in the embryo culture medium and transfer failure. H-Hcy
may trigger the production of reactive oxygen species (ROS), which disrupt the embryonic environment and lower the
success rate of embryo transfer.*~* Additionally, H-Hcy can interfere with DNA methylation in embryonic cells,
disrupting essential processes like cell proliferation and apoptosis. This disruption can cause abnormal growth and
development of embryos and fetuses, ultimately increasing the risk of malformations and adverse pregnancy outcomes.>

In this study, the incidence of H-Hcy was significantly higher in the study group (24.68%) compared to the control
group (13.50%) as shown in Table 3. This suggests that Hcy accumulation may be associated with MA, consistent with
previous research. The study also found that women experiencing MA had higher H-Hcy levels compared to those with
normal early pregnancies that required termination. Furthermore, individuals with H-Hcy had a significantly higher risk
of MA (OR = 1.336, 95% CI: 1.183-1.618), indicating that H-Hcy could serve as a potential risk factor for MA.
Therefore, Hey levels may be useful as a predictor for pregnancy outcomes.

The endocrine profile of pregnant women differs from that of non-pregnant women. An imbalance between the supply
and demand for TH during pregnancy can affect fetal development. In severe cases, this imbalance may lead to MA
during early pregnancy.?® In this study, while there were no statistically significant differences in serum T3, T4, FT3, and
FT4 levels between the two groups, the study group exhibited higher levels of TSH and TPOAb compared to the control
group. Additionally, the incidence of TSH levels > 4.0 mIU/L was higher in the study group than in the control group.

Typically, TSH levels are lower during normal pregnancy. However, elevated TSH levels disrupt the balance of the
Th1/Th2 axis in decidual cells, which can impair immune tolerance at the maternal-fetal interface and increase the risk of
adverse pregnancy outcomes.”>”?® This mechanism is similar to what occurs in Vitamin D deficiency. High TSH levels
not only inhibit the thyroid axis through negative feedback, leading to decreased thyroid function that can impact
embryonic development and result in MA, but they also suppress progesterone production by granulosa cells and hinder
placental function. These effects can interfere with embryonic development, increasing the likelihood of threatened
abortion and, in severe cases, MA.

Thyroid autoantibodies not only recognize and bind to their specific antigens but also target receptors for human
chorionic gonadotropin (HCG), which share similarities with antigens found in the zona pellucida and placenta.
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Specifically, these autoantibodies target the HCG receptor on the corpus luteum, impairing its ability to support a normal
pregnancy, which can lead to MA.° In this study, the rate of positive TPOAb was significantly higher in the study group
compared to the control group, indicating that positive TPOAb may serve as a risk factor for MA. Previous research has
demonstrated that women with abnormal thyroid function and positive TPOADb are at an increased risk of MA,
developmental abnormalities, and other pregnancy complications. Therefore, monitoring thyroid function in pregnant
women is crucial for early detection and intervention, which can improve pregnancy outcomes.*’

Numerous studies have shown a positive correlation between Vitamin D deficiency, H-Hcy and TSH levels, and the
presence of positive TPOAb with the development of MA. Vitamin D has the ability to influence the balance of Th1/Th2
cells, thereby modulating the expression of TPOAb. Research indicates that Vitamin D supplementation in pregnant
women with normal thyroid function and positive TPOAb can significantly reduce the expression levels of TPOAb.?' In
a prospective study, Vitamin D intervention was provided to pregnant women, and the results demonstrated that serum
Hcy levels were lower in the study group compared to the control group, along with a reduction in pregnancy
complications.>® This suggests that Vitamin D’s role in promoting positive immune regulation may contribute to these
outcomes, consistent with the findings of our study. Additionally, the risk of MA was higher in women with a history of
previous abortion (OR = 1.415, 95% CI: 1.251-1.687). This suggests that a history of abortion may increase the risk of
MA, potentially due to endometrial damage or infections related to the procedure, which can trigger an immune-
inflammatory response. This response may disrupt immune tolerance at the maternal-fetal interface in subsequent
pregnancies.

This study identified correlations between Vitamin D, Hey, TSH, TPOAb, and MA. These findings provide valuable
insights for clinical decision-making. However, the study had several limitations. Notably, the absence of relevant immune
indicators prevented a deeper exploration of the mechanisms through which Vitamin D may exert its effects. Additionally,
factors such as dietary habits, work, and living environments could have influenced data collection, potentially introducing
biases. While serum Hcy levels can be affected by multiple factors, this study did not comprehensively account for the
potential influence of diet or the living environment. Furthermore, while miscarriage was considered as a pregnancy
outcome, cases of threatened abortion were not included, limiting the broader applicability of the findings.

Clinically, our findings suggest that a composite assessment of vitamin D, Hey, and thyroid function could refine risk
stratification for MA. For example, women with concurrent deficiencies in vitamin D and elevated Hcy may benefit from
targeted interventions (eg, vitamin D supplementation and folate therapy) to mitigate MA risk. This integrated approach
represents a pragmatic advancement over single-biomarker strategies currently in use.

This study has several limitations. First, the retrospective design may introduce information bias. For example, data
on confounders such as folate intake or genetic polymorphisms rely on the completeness of medical records, which were
not systematically collected. Furthermore, selection bias may arise because the control group comprised only women
opting for elective termination, potentially underrepresenting the general pregnant population. Second, although we
adjusted for key confounders, unmeasured factors (eg, genetic predisposition, detailed sunlight exposure) could influence
outcomes. Third, vitamin D levels may vary seasonally; however, our analysis accounted for blood collection season.
Future prospective studies with repeated measurements are warranted to validate these findings. Additionally, interven-
tional trials could test whether correcting vitamin D deficiency or reducing Hey levels lowers MA incidence, thereby
translating our findings into clinical practice.

Conclusion

In conclusion, this study confirms that vitamin D deficiency, H-Hcy, elevated TSH levels, and the presence of positive
TPOAD are closely associated with MA. A history of abortion, along with H-Hcy, TSH, and positive TPOAb, have been
identified as significant risk factors for MA. Additionally, Vitamin D plays a crucial role in maintaining a healthy
pregnancy. Our findings highlight four modifiable risk factors for missed abortion: vitamin D deficiency (25-(OH)-D3
<50 nmol/L), H-Hcy > 15 pmol/L, subclinical hypothyroidism (TSH > 4 mIU/L), and TPOAD positivity (= 9 IU/mL).
Among these, vitamin D insufficiency emerges as the most actionable target for prevention. Therefore, clinical practice
should prioritize testing for Vitamin D levels, Hey, and thyroid function in women preparing for pregnancy or in the early
stages of pregnancy. Early intervention is essential to reduce the incidence of MA.
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Abbreviations
25-(OH)-D3, 25-hydroxy Vitamin D3; MA, missed abortion; TH, thyroid hormones; TPOADb, thyroid peroxidase
antibodies; Hcy, homocysteine; H-Hcy, Hyperhomocysteinemia; TBG, thyroxine binding globulin; FT3, free triiodothyr-

onine; FT4, free thyronine; T3, trilodothyronine; T4, thyroxine; TSH, thyroid stimulating hormone; HCG, human

chorionic gonadotropin.
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