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Abstract

Aims/Background: Recurrent spontaneous abortion (RSA) may contribute to intrauterine adhesions and lead to female infertility. This
study aims to analyze serum lactate dehydrogenase (LDH) levels and immune-inflammatory markers in patients with recurrent abortion
and to evaluate their diagnostic value in RSA.Methods: A total of 120 patients with RSA admitted between January 2023 and December
2024 were included as the study group, and 80 pregnant women with normal prenatal examination findings during the same period
were selected as controls. Serum and hematological assays were performed in both groups, and levels of LDH, immune-inflammatory
markers, autoimmune antibodies, and lymphocyte subsets were compared. Factors associated with RSA were analyzed using logistic
regression, and the diagnostic performance of each index was assessed using a receiver operating characteristic (ROC) curve. Results:
Compared with the control group, serum LDH levels, immune-inflammatory markers [interleukin (IL)-6, IL-10, and interferon gamma
(IFN-γ)], antiphospholipid antibodies, and T lymphocyte subsets were significantly different in the RSA group (p < 0.05). Serum LDH,
IFN-γ, antiphospholipid antibodies (APA) positive rate and cluster of differentiation (CD)4+ T-cell levels were significantly higher in
the RSA group than in controls (p < 0.05), whereas IL-6, IL-10, and CD8+ T-cell levels were significantly lower (p < 0.05). Binary
logistic regression analysis showed that elevated serum LDH, reduced IL-6 level, increased proportion of CD4+ cells, and decreased
proportion of CD8+ cells were independent risk factors for recurrent abortion in RSA patients (all p < 0.05). ROC curve analysis
showed that the combined detection of serum LDH, IL-6, CD4+, and CD8+ yielded an area under the curve (AUC) of 0.908, with
a sensitivity of 0.875 and specificity of 0.823. The combined model demonstrated superior diagnostic performance compared with
individual markers. Conclusion: Combined assessment of serum LDH and selected immune-inflammatory markers (IL-6, CD4+, CD8+)
shows good predictive and diagnostic value for RSA and may facilitate early identification of high-risk patients in clinical practice.
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1. Introduction
Recurrent spontaneous abortion (RSA) refers to two

or more consecutive pregnancy losses before 28 weeks of
gestation in womenwith the same partner. Most cases occur
as early pregnancy losses, while a small proportion present
as late abortions. The reported incidence is approximately
1–2% [1]. The etiology of RSA is complex and multifac-
torial. In early pregnancy, causes are mainly related to em-
bryonic chromosomal abnormalities, familial genetic fac-
tors, corpus luteum dysfunction, and insulin resistance. In
contrast, late pregnancy losses are more commonly associ-
ated with uterine anatomical abnormalities, infectious fac-
tors, and environmental or lifestyle influences [2,3]. Clini-
cally, patients with RSA often present with vaginal bleeding
and tissue discharge, while some may lack obvious abdom-
inal pain. Therefore, accurate diagnosis requires a compre-
hensive assessment of reproductive history, combined with
appropriate auxiliary physical examinations, to determine
the underlying etiology.

Recent evidence indicates that the metabolic profile of
patients with RSA is significantly altered, with plasma lac-
tate levels markedly elevated compared with those in nor-
mal pregnancy. Moreover, Albright et al. [4] reported that
elevated lactate levels in pregnant women are associated
with adverse maternal outcomes, suggesting a potential role
of lactate in the pathophysiology of RSA. Lactate dehydro-
genase (LDH) catalyzes the conversion of pyruvate to lac-
tate during glycolysis, indicating its crucial role in lactate
production. However, direct measurements of serum lac-
tate levels in venous blood samples of patients with RSA
remain limited, and few studies have evaluated the diag-
nostic value of LDH in this context.

Emerging evidence suggests that approximately 50–
60% of RSA cases are associated with immune dysfunction
[5]. Talukdar et al. [6] reported that RSA is characterized
by predominance of T helper 1 (Th1) immune responses and
elevated levels of reactive oxygen species (ROS). Activa-
tion of immune cells can trigger systemic inflammatory re-
sponses, which may impair placental development and lead
to pregnancy loss [7]. Lactate metabolism is closely related
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to immune regulation, as activated immune cells preferen-
tially use lactate to support their functional demands [8]. At
present, most studies have focused on immune cell subsets
or immune checkpoint pathways in recurrent abortion. Few
studies have examined the combined role of serum LDH
levels and immune-inflammatory markers in RSA. There-
fore, this study aims to explore the association between
serum LDH, immune-inflammatory markers, and recurrent
abortion to provide evidence to support improved clinical
diagnosis and management.

2. Methods
2.1 Study Population

A total of 120 pregnant women with RSA admitted to
Yongkang Women and Children’s Health Hospital between
January 2023 and December 2024 were selected for the
RSA group; 80 healthy women who underwent routine pre-
natal examinations during the same period were included
in the control group. According to the Expert Consensus
on the Diagnosis and Treatment of Recurrent Spontaneous
Abortion, the inclusion criteria for the RSA group were two
or more consecutive spontaneous abortions with the same
partner before 28 weeks of gestation [9], together with com-
plete clinical data (including pregnancy history, previous
examination records, treatment plans, and follow-up infor-
mation). As shown in Fig. 1, the inclusion criteria for the
control group included at least one normal delivery, no his-
tory of spontaneous abortion, and complete clinical data (in-
cluding pregnancy history, previous examination records,
treatment plans, and follow-up information).

Exclusion criteria were as follows: (1) age >45 years;
(2) thyroid dysfunction, diabetes mellitus, or polycystic
ovary syndrome with significant metabolic abnormalities;
(3) cervical insufficiency; (4) receipt of assisted reproduc-
tive technology; (5) endometrial polyps or inflammation,
submucosal fibroids, or uterine malformations; (6) hyper-
tension or arrhythmia; (7) autoimmune diseases; (8) prior
targeted treatment for RSA; (9) severe semen abnormalities
in the partner; (10) ectopic pregnancy, hydatidiform mole,
or other abnormal intrauterine pregnancies; (11) multiple
gestations; (12) incomplete clinical data.

2.2 Detection Methods
2.2.1 Measurement of Serum LDH and Inflammatory
Markers

Fasting venous blood samples (5 mL) were collected
from all subjects in the morning at the time of presenta-
tion and sent to the hospital clinical laboratory for analysis
of serum lactate dehydrogenase (LDH), interleukin (IL)-
6, IL-10, and interferon gamma (IFN-γ). Samples were
centrifuged at 1200 r/min for 5 minutes, and the super-
natant serum was collected. Serum levels of LDH (J20930;
Wuhan Jilid Biotechnology Co., Ltd., Wuhan, China), IL-
6 (J20252; Wuhan Jilid Biotechnology Co., Ltd., Wuhan,
China), IL-10 (J20265; Wuhan Jilid Biotechnology Co.,

Ltd., Wuhan, China), and IFN-γ (J20272; Wuhan Jilid
Biotechnology Co., Ltd., Wuhan, China) were measured
using enzyme-linked immunosorbent assay (ELISA) with
an automated microplate reader (Varioskan LUX; Thermo
Fisher Scientific Inc., Waltham, USA).

2.2.2 Autoimmune Antibody Assessment
Fasting peripheral venous blood samples were col-

lected as described above. Antinuclear antibody (ANA;
J20559, Wuhan Jilid Biotechnology Co., Ltd., Wuhan,
China) positivity was determined by ELISA. Antiphospho-
lipid antibodies (APA), including anticardiolipin antibodies
[anti-cardiolipin antibody immunoglobulin G (ACA-IgG):
YFXEH00795; anti-cardiolipin antibody immunoglobu-
lin M (ACA-IgM): YFXEH00794; anti-cardiolipin anti-
body immunoglobulin A (ACA-IgA): YFXEH00793] and
anti-β2 glycoprotein I antibodies (β2-GP1 IgG/IgM/IgA,
YFXEH00194), were measured using kits from Nanjing
Yifeixue Biotechnology Co., Ltd., Nanjing, China.

According to manufacturer instructions and interna-
tional consensus guidelines [10], APA positivity was de-
fined as medium or high titer [>40 IgG phospholipid/IgM
phospholipid (GPL/MPL) units or >99th percentile] for
ACA-IgG/IgM, and/or >99th percentile for anti-β2-GP1 an-
tibodies, detected on at least two occasions at least 12weeks
apart. ANA positivity was defined as ANA titer ≥1:100.
Due to the retrospective design, single-time-point positiv-
ity at enrollment was recorded for comparative analysis.

2.2.3 Analysis of T Lymphocyte Subsets
Fasting peripheral venous blood samples were col-

lected as described in section 2.2.1. The distribution of
T lymphocyte subsets, including cluster of differentiation
(CD)3+, CD4+, CD8+, and CD16+CD56+ cells, was deter-
mined using flow cytometry with appropriate reagents (BD
FACSCanto II, BD Biosciences, San Jose, CA, USA).

2.3 Outcome Measures
(1) General data: age, body mass index (BMI), gesta-

tional age, smoking history, alcohol consumption history,
coffee consumption history, family history of spontaneous
abortion, number of abortions, history of previous miscar-
riages, noise exposure, and irregular work and rest patterns
were recorded for both groups.

(2) Clinical indicators: serum LDH levels; IL-6,
IL-10, IFN-γ; proportions of lymphocyte subsets (CD3+,
CD4+, CD8+, CD4+/CD8+ ratio, CD16+CD56+); and posi-
tivity rates of ANA and APA.

2.4 Statistical Methods
Data were analyzed using SPSS version 27.0 (IBM

Corp., Armonk, NY, USA). The Kolmogorov–Smirnov
test was used to determine normality. Continuous vari-
ables with normal distributions are expressed as mean ±
standard deviation (SD), and intergroup comparisons were
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Fig. 1. Flowchart of participant inclusion and exclusion process. RSA, recurrent spontaneous abortion.

performed using the independent-samples t-test. Non-
normally distributed variables are expressed as median (Q1,
Q3), and comparisons between groups were conducted us-
ing theMann–WhitneyU test. Categorical variables are ex-
pressed as the number of cases (%), and comparisons were
performed using the chi-square (χ2) test or the continuity-
corrected chi-square test.

Collinearity diagnostics were conducted for variables
with statistical significance, and indicators with tolerance
>0.1 and variance inflation factor (VIF) <5 were included in
binary logistic regression analysis to identify factors asso-
ciated with RSA. The diagnostic performance of each indi-
cator was evaluated using receiver operating characteristic
(ROC) curve analysis, with the area under the curve (AUC)
used to evaluate accuracy. The optimal cut-off value was
determined by maximizing the Youden index in the ROC
curve. The significance level (α) was set at 0.05 unless oth-
erwise specified.

3. Results
3.1 Comparison of General Characteristics Between the
Two Groups

A total of 120 patients with RSA and 80 women in
the control group were included in this study. As shown
in Table 1, significant difference was observed in number

of abortions and previous miscarriages between the two
groups (p < 0.05). No statistically significant differences
were observed between the two groups in age, BMI, gesta-
tional age, smoking history, alcohol consumption history,
coffee consumption history, family history of spontaneous
abortion, noise exposure, or irregular work and rest patterns
(p > 0.05).

3.2 Differences in Serum LDH and Inflammatory Factor
Levels

As shown in Table 2, significant differences in serum
LDH and inflammatorymarkers were observed between the
two groups. LDH and IFN-γ levels in the RSA group were
significantly higher than those in the control group (p <
0.05), while IL-6 and IL-10 levels were significantly lower
than those in the control group (p < 0.05; Table 2).

3.3 Differences in T Lymphocyte Subsets
As presented in Table 3, significant differences in lym-

phocyte subsets were identified between the two groups,
particularly in CD4+ and CD8+ T-cell proportions (p <
0.05). However, no significant differences were observed
in CD3+, CD4+/CD8+ ratio, or CD16+CD56+ cells (p >
0.05).
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Table 1. General characteristics of the study population.
Variables RSA group (n = 120) Control group (n = 80) χ2/Z p-value

Age (years), M (Q1, Q3) 30.00 (28–34) 31.50 (27–35) 0.296 0.767
BMI (kg/m2), M (Q1, Q3) 24.81 (21.00–27.98) 24.78 (22.26–26.86) 0.323 0.747
Gestational age (days), M (Q1, Q3) 58 (55, 65) 58 (51, 65) 1.074 0.283
Smoking history 0.430 0.512
No (n, %) 101 (84.17) 70 (87.50)
Yes (n, %) 19 (15.83) 10 (12.50)

Alcohol consumption history 0.623 0.430
No (n, %) 76 (63.33) 55 (68.75)
Yes (n, %) 44 (36.67) 25 (31.25)

Coffee consumption history 0.665 0.415
No (n, %) 65 (54.17) 48 (60.00)
Yes (n, %) 55 (45.83) 32 (40.00)

Family history of spontaneous abortion 0.084 0.773
No (n, %) 62 (51.67) 43 (53.75)
Yes (n, %) 58 (48.33) 37 (46.25)

Number of abortions, M (Q1, Q3) 3 (3, 3) 0 12.664 <0.001
Gestational age at previous miscarriage (weeks), M (Q1, Q3) 8 (7, 8) 0 12.455 <0.001
Noise exposure 0.079 0.779
No (n, %) 25 (20.83) 18 (22.50)
Yes (n, %) 95 (79.17) 62 (77.50)

Irregular work and rest patterns 0.068 0.794
No (n, %) 31 (25.83) 22 (27.50)
Yes (n, %) 89 (74.17) 58 (75.50)

BMI, body mass index; M, median.

Table 2. Comparison of serum LDH and inflammatory marker levels between the two groups.
Variables RSA group (n = 120) Control group (n = 80) Z p-value

LDH (U/L), M (Q1, Q3) 148.00 (140.75–162.50) 141.00 (131.00–152.00) 3.520 <0.001
IL-6 (pg/mL), M (Q1, Q3) 2.89 (2.30–8.36) 3.10 (2.50–13.00) 2.480 0.013
IL-10 (pg/mL), M (Q1, Q3) 4.52 (1.79–8.26) 6.61 (2.18–10.01) 2.006 0.045
IFN-γ (pg/mL), M (Q1, Q3) 1.91 (1.20–2.69) 1.21 (0.91–2.30) 2.787 0.005

LDH, lactate dehydrogenase; IL, interleukin; IFN-γ, interferon gamma.

Table 3. Comparison of T lymphocyte subsets between the two groups.
Variables RSA group (n = 120) Control group (n = 80) Z/t p-value

CD3+ (%), M (Q1, Q3) 70.18 (67.21–75.14) 71.02 (68.36–77.24) 1.221 0.222
CD4+ (%), M (Q1, Q3) 41.04 (38.65–45.96) 39.93 (33.48–42.18) 2.682 0.007
CD8+ (%), M (Q1, Q3) 23.87 (20.59–26.03) 26.83 (23.93–31.69) 5.770 <0.001
CD4+/CD8+ ratio, mean ± SD 1.79 ± 0.29 1.70 ± 0.54 1.520 0.130
CD16+CD56+ (%), M (Q1, Q3) 12.75 (10.21, 16.10) 11.88 (9.26, 15.61) 1.299 0.194

CD, cluster of differentiation; SD, standard deviation.

3.4 Differences in Serum Autoimmune Antibody Levels
As shown in Table 4, there was no significant differ-

ence in ANA positivity between the two groups (p > 0.05).
In contrast, APA differed significantly between groups (p <
0.05).

3.5 Factors Associated With RSA

Collinearity diagnostics were performed for variables
with significant differences. Indicators with VIF less than
5 and tolerance greater than 0.1 were included as indepen-
dent variables (Table 5), and RSA status was the dependent
variable in the multivariable logistic regression model. The
analysis showed that LDH, IL-6, CD4+, and CD8+ were sig-
nificant factors associated with RSA (p < 0.05; Table 6).
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Table 4. Comparison of autoimmune antibody levels between the two groups.
Variables RSA group (n = 120) Control group (n = 80) χ2 p-value

ANA 0.266 0.606
Negative, n (%) 114 (95.00) 78 (97.50)
Positive, n (%) 6 (5.00) 2 (2.50)

APA 6.495 0.011
Negative, n (%) 56 (46.67) 52 (65.00)
Positive, n (%) 64 (53.33) 28 (35.00)

ANA, antinuclear antibody; APA, antiphospholipid antibodies.

Table 5. Multicollinearity analysis of variables with
significant differences.

Variables
Collinearity statistics

Tolerance VIF

LDH 0.886 1.128
IL-6 0.386 2.589
IL-10 0.361 2.770
IFN-γ 0.788 1.269
CD4+ 0.897 1.115
CD8+ 0.962 1.040
APA 0.793 1.261
VIF, variance inflation factor.

3.6 Diagnostic Performance of Serum LDH Combined
With Immune-Inflammatory Markers in RSA

To evaluate the diagnostic performance of serum LDH
and key immune-inflammatory markers for differentiating
RSA, ROC curve analysis was performed. The ROC curves
for each indicator are shown in Fig. 2, and the corre-
sponding AUC values, optimal cut-off points, sensitivity,
and specificity are shown in Table 7. As shown in Table
7 and Fig. 2, CD8+ T cells demonstrated the highest di-
agnostic performance among individual indicators (AUC =
0.741). The combinedmodel incorporating serumLDH and
immune-inflammatory markers yielded an AUC of 0.908,
with a sensitivity of 0.875 [95% confidence interval (CI):
0.802–0.928] and specificity of 0.823 (95% CI: 0.721–
0.900), indicating superior diagnostic performance com-
pared with any single indicator.

4. Discussion
This study retrospectively analyzed 120 patients with

RSA, focusing on serum LDH and multiple immune-
inflammatory markers to identify independent risk factors
for RSA. The results showed that increased LDH level,
increased CD4+ proportion, decreased IL-6 level, and de-
creased CD8+ proportion were independent risk factors for
RSA.

Placental oxygen tension undergoes dynamic changes
during pregnancy and is tightly regulated to meet the
metabolic demands of the fetus and placenta [11]. Dur-
ing abortion, oxygen tension at the maternal-fetal interface
may decrease to approximately 1%, resulting in a state of

persistent hypoxia [12]. In the present study, LDH was
identified as an independent risk factor for RSA, and its
level was significantly higher in RSA patients than in the
control group. This may be explained by hypoxia-induced
acceleration of glycolysis, which enhances lactate produc-
tion through LDH. The resulting metabolic shift may in-
fluence macrophage polarization at the maternal-fetal in-
terface, promote inflammatory responses, and ultimately
contribute to pregnancy loss [13]. In addition, the posi-
tive rate of antiphospholipid antibodies was significantly
higher in the RSA than in the control group. These antibod-
ies can interact with cellular membranes and proteins, ac-
tivate platelet function and coagulation cascades, and lead
to a hypercoagulable state [14]. This process may result
in placental thrombosis, infarction, and reduced fetal blood
supply, thereby creating a hypoxic environment that further
promotes lactate accumulation through glycolysis and con-
tributes to abortion.

Moreover, LDH-mediated lactate production may ex-
ert immunomodulatory effects. Elevated lactate levels can
inhibit the proliferation and function of CD8+ T cells. At
the maternal-fetal interface in RSA, a similar mechanism
may occur. Trophoblast cells under hypoxic stress may ex-
hibit increased LDH accumulation [15]. This microenvi-
ronment may suppress CD8+ T-cell subsets that are essen-
tial for maintaining immune tolerance during pregnancy,
disrupt the balance between CD4+ and CD8+ T cells, and
promote a shift toward a pro-inflammatory immune pheno-
type.

Previous studies have demonstrated that immune dys-
function is an important contributor to RSA [16,17]. T lym-
phocytes can be broadly classified into helper and suppres-
sor subsets according to phenotype and function. Helper
T cells promote immune activation through cytokine secre-
tion, while suppressor T cells exert regulatory effects that
limit excessive immune responses. The balance between
these subsets is essential for maintaining normal physiolog-
ical function and immune response. In normal pregnancy,
a relative decrease in CD4+ helper T lymphocytes and an
increase in CD8+ suppressor T lymphocytes have been re-
ported. In the present study, although the CD4+/CD8+ ratio
in RSA patients was slightly higher than that in the control
group, without statistical significance, CD4+ T-cell levels in
peripheral blood were significantly elevated, and CD8+ T-
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Table 6. Multivariate logistic regression analysis of factors associated with RSA.
Variables β SE Wald OR 95% CI p-value

LDH (U/L) 0.073 0.018 16.876 1.075 1.039–1.113 <0.001
IL-6 (pg/mL) –0.195 0.066 8.767 0.823 0.724–0.936 0.003
IL-10 (pg/mL) –0.109 0.072 2.274 0.897 0.779–1.033 0.132
IFN-γ (pg/mL) 0.179 0.215 0.690 1.196 0.784–1.825 0.406
CD4+ (%) 0.255 0.056 21.006 1.290 1.157–1.438 <0.001
CD8+ (%) –0.456 0.081 31.409 0.634 0.540–0.743 <0.001
APA (%) 0.796 0.473 2.833 2.217 0.877–5.601 0.092
OR, odds ratio; CI, confidence interval; SE, standard error; LDH, lactate de-
hydrogenase; IL, interleukin; IFN-γ, interferon gamma; APA, antiphospho-
lipid antibodies.

Fig. 2. Receiver operating characteristic (ROC) curves of serum LDH and immune-inflammatory markers for the diagnosis of
recurrent spontaneous abortion.

Table 7. Diagnostic performance of serum LDH and immune-inflammatory markers for recurrent spontaneous abortion.
Variables Cut-off AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) p-value

LDH 139.00 0.647 (0.567–0.726) 0.775 (0.692–0.841) 0.425 (0.323–0.534) <0.001
IL-6 8.81 0.603 (0.519–0.688) 0.783 (0.702–0.848) 0.450 (0.346–0.559) 0.016
CD4+ 38.17 0.612 (0.531–0.693) 0.733 (0.648–0.804) 0.413 (0.311–0.522) 0.007
CD8+ 25.55 0.741 (0.666–0.816) 0.750 (0.666–0.819) 0.625 (0.516–0.723) <0.001
Combined model - 0.908 (0.859–0.945) 0.875 (0.802–0.928) 0.823 (0.721–0.900) <0.001
AUC, area under the curve.

cell levels were significantly reduced. These findings may
reflect enhanced cellular immune activity in RSA. Disrup-
tion of maternal immune tolerance may increase immune
rejection responses, leading the maternal immune system to
recognize the fetus as an allogeneic graft and subsequently
trigger abortion [18].

IFN-γ is primarily produced by Th1 cells and can in-
hibit the proliferation of Th2 cells. The results of this study
showed that the serum IFN-γ level in the RSA group was
significantly higher than that in the control group. IFN-γ
exerts cytotoxic effects on embryos, inhibiting cell growth
and embryonic development, ultimately leading to embryo
loss, consistent with the findings of Mousavi-Salehi et al.
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[19]. In addition, reduced IL-6 was identified as an inde-
pendent risk factor for RSA, and IL-6 levels in RSA patients
were lower than those in normal pregnancy. This may be
attributed to the role of IL-6 in stimulating immune cells
to produce antibodies, suppressing maternal immune rejec-
tion, promoting the expression of adhesion molecules, and
participating in the regulation of angiogenic factor synthe-
sis, all of which are critical for maintaining pregnancy. De-
creased serum IL-6 levels may therefore lead to a Th1/Th2
imbalance, consistent with the findings of Ma et al. [20].

To date, a series of factors have been identified in the
plasma of patients with RSA and evaluated as predictors
of RSA, including indoleamine 2,3-dioxygenase and hu-
man chorionic gonadotropin (hCG) [21,22]. In this study,
variations in LDH levels and immune-inflammatory mark-
ers were used to evaluate recurrent abortion. The results
demonstrated that the sensitivity, specificity, and area under
the ROC curve of combined detection of LDH and immune-
inflammatory markers were higher than those of individual
indicators, suggesting that combined detection has mean-
ingful diagnostic value for recurrent abortion in patients
with RSA.

In addition to LDH and the aforementioned immune-
inflammatory biomarkers, other novel peripheral inflam-
matory biomarkers have attracted increasing attention in re-
cent years. Although no studies have yet evaluated the re-
lationship between butyrylcholinesterase (BChE) and RSA,
as an inflammation-related indicator, future research could
investigate BChE level fluctuations in RSA patients and
evaluate its potential to provide additional value to the com-
bined diagnostic model proposed in this study.

We observed that the positivity rate of APA in the RSA
group was significantly higher than in the control group,
consistent with the established role of APA in placental
thrombosis and hypoxia. However, due to the retrospective
design of this study and the use of a single test at enroll-
ment, APA positivity could not be confirmed according to
standard diagnostic criteria. Therefore, the reported APA
positivity may include transient positivity related to infec-
tion or other conditions, and these findings should be inter-
preted with caution. Future prospective studies with con-
firmatory assays are warranted to validate the association
between persistent APA positivity and RSA in this popula-
tion.

Notably, the RSA group in this study exhibited a
higher proportion of noise exposure and irregular work
and rest patterns, suggesting that these patients may orig-
inate from a specific occupational background. This phe-
nomenon may be associated with the geographical loca-
tion and socio-economic characteristics of the hospital.
Yongkang City is a well-known hardware manufacturing
center in China, where a large number of women are en-
gaged in industrial processing, assembly line operations, or
small family workshops. These occupations are often ac-
companied by prolonged exposure to mechanical noise and

shift or overtime work, leading to circadian rhythm disrup-
tion. Increasing evidence indicates that chronic noise expo-
sure and circadian rhythm disturbances can affect neuroen-
docrine function, interfere with the hypothalamic-pituitary-
ovarian axis, and may induce immune-inflammatory imbal-
ance, thereby increasing the risk of RSA [23,24,25]. There-
fore, the occupational background of the sample population
in this study may reflect the combined effects of environ-
mental and behavioral factors on RSA, which warrants fur-
ther investigation in future studies.

Several limitations of this study should be acknowl-
edged. This was a single-center retrospective study with a
relatively small sample size and a homogeneous occupa-
tional background, which may have introduced selection
bias. APA was measured only once at enrollment, with-
out confirmatory testing at 12 weeks; thus, some positive
results may be transient, and the association between APA
and RSA should be interpreted cautiously. Additionally,
the lack of longitudinal monitoring of LDH and immune-
inflammatory markers limits causal inference. Other po-
tential confounding factors, such as genetic predisposition
and psychological stress, were not comprehensively eval-
uated. Future multicenter prospective studies with larger
sample sizes, standardized APA confirmation, dynamic
biomarker monitoring, and investigation of environment-
immune-metabolism interactions are required to address
these limitations.

5. Conclusion
In summary, serum LDH, IL-6, CD4+, and CD8+ are

influencing factors for recurrent spontaneous abortion in
patients with RSA. The combined detection of LDH, IL-
6, CD4+, and CD8+ demonstrates marked value for disease
diagnosis.

Key Points
• Recurrent spontaneous abortion can lead to intrauter-

ine adhesions and contribute to female infertility.
• Serum LDH levels in RSA patients are significantly

elevated and are closely associated with adverse pregnancy
outcomes.

• Lactate dehydrogenase promotes lactic acid accumu-
lation under hypoxia-driven glycolysis and influences T cell
subsets, resulting in immune-inflammatory dysregulation at
the maternal-fetal interface and ultimately leading to abor-
tion.

• Multivariate logistic regression analysis showed
that elevated LDH levels, increased CD4+ proportion, de-
creased IL-6, and reduced CD8+ proportion are independent
risk factors for RSA.

• ROC curve analysis indicated that the combined di-
agnostic model incorporating LDH, IL-6, CD4+, and CD8+
exhibits strong discriminative performance for RSA, pro-
viding robust support for the development of non-invasive
and efficient auxiliary diagnostic tools in clinical practice.
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