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Abstract

Background: Current research on the characteristics of missed miscarriage (MM) in women over the age of 35 is limited. This study
investigates the role of serum metabolites for MM among women in this age group. Methods: This study included a total of 80 women
over the age of 35 who experienced MM and 66 women over the age of 35 with healthy pregnancies, conducted between March 2021
and June 2022. General information, including age, gestational age, body mass index (BMI), gravidity, live birth, history of spontaneous
miscarriage, drug or radiation exposure, occupation, and pregnancy-related complications, was collected. The recorded serum indicators
included total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), lactate dehydrogenase
(LDH), and gamma-glutamyl transferase (GGT). Potential risk factors for MM in the case-cohort were identified using univariate and
multivariate logistic regression analyses. The diagnostic relevance of serum markers for MM was examined through receiver operating
characteristics (ROC) curve analysis. Results: The incidence of MM increased with higher LDL and GGT values (p < 0.05). The
area under the curve (AUC) was 0.709 for LDL and 0.792 for GGT. An LDL value >2.31 identified MM with a sensitivity of 72.5%
and a specificity of 66.7%, while a GGT value >15.5 identified MM with a sensitivity of 78.8% and a specificity of 72.7%. However,
the combined diagnostic accuracy of the two indicators was superior of that of either single index (AUC = 0.880, sensitivity = 92.5%,
specificity = 72.7%; Z = 4.238, 2.813, p < 0.001, p < 0.01). Conclusions: In women over the age of 35, serum LDL and GGT are
high-risk factors for MM, each potentially playing a significant role in its diagnosis. The combination of these two markers may improve
diagnostic accuracy. The preliminary results of this study warrant further investigation through a well-designed, multicenter prospective
study.
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1. Introduction

Missed miscarriage (MM), also referred to as silent
or late miscarriage, occurs when the retained intrauterine
products of conception do not spontaneously expel from the
fetus or embryo [1]. It occurs in approximately 8-20% of
pregnancies with a clinical diagnosis [2]. Multiple etiologic
factors, including uterine abnormalities, endocrine disor-
ders, parental chromosomal abnormalities, immunological
factors, infections, hereditary thrombophilia, and environ-
mental influences, have been identified as being associ-
ated with MM [3,4]. However, its exact cause remains un-
known. Recent studies have shown that the rate of sponta-
neous miscarriage increases with age, as does the incidence
of stillbirth, while the rate of live births decreases [5-7].
With China’s new fertility policy, the proportion of older
parents willing to have children is increasing [8]. There-
fore, early identification of women at high risk of MM is
crucial, especially for older women.

In the post-genomic era, where metabolomics has re-
ceived increasing research attention, many serum metabo-

lites have been identified as useful in diagnosing diseases.
For example, Fei et al. [9] found that MM results in a signif-
icant metabolic disturbances, with glyceric acid, indole and
sphingosine serving as promising metabolites for diagnos-
ing MM. Li et al. [10] similarly reported that lactic acid and
5-methoxytryptamine concentrations in patients with re-
current spontaneous miscarriage differed significantly from
those in women who underwent induced miscarriages dur-
ing a normal pregnancy. Researchers also established a rat
model of miscarriage to analyze metabolic profile changes
between rats with recurrent spontaneous miscarriage and
normal rats. The results showed that recurrent sponta-
neous miscarriage was closely related to arachidonic acid
metabolism [11]. Taken together, these results suggest
that metabolites in peripheral blood are closely associated
with miscarriage. However, the association between other
serum metabolites, such as total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), lactate dehydrogenase (LDH), gamma-
glutamyl transferase (GGT), and MM in women over the
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Pregnant women 1/3/2021-30/6/2022
(n=162)

Inclusion criteria

- Above age of 35

» Natural conception and single fetus
* Intrauterine pregnancy

Gestational age of 7-12 weeks

v

v

Excluded (n=16)
Missing data for BMI (n=5)
Missing data for serum lipid (n=6)
* Pregnant women who had internal

medical or surgical diseases (n=5)

Pregnant women included in the final
analysis (n=146)
Missed miacarrige group (n=80)
Healthy pregnancy group (n=66)

Fig. 1. Flowchart of participant inclusion. BMI, body mass index.

age of 35, has been rarely reported. Thus, the current study
aimed to investigate the relationship between these serum
metabolites (TC, TG, HDL, LDL, LDH, and GGT) and MM
in women over 35, with the intent of establishing a potential
diagnostic reference in the future.

2. Materials and Methods
2.1 Study Design and Participants

The study was conducted from March 1, 2021, to June
30, 2022. We selected women between 7 and 12 weeks
of pregnancy who visited the Department of Obstetrics and
Gynecology at the Second Affiliated Hospital of Xi’an Jiao-
tong University. These participants were divided into an
MM group and a healthy pregnancy group based on their
pregnancy outcomes. The common inclusion criteria for
both groups were as follows: (1) age over 35; (2) natural
conception with a single fetus; and (3) intrauterine preg-
nancy. The inclusion criteria for the MM group were as
follows: (1) crown-rump length >7 mm without heartbeat;
(2) mean sac diameter >25 mm without an embryo; (3) ab-
sence of an embryo with a heartbeat >2 weeks after a scan
showing a gestational sac without a yolk sac; and (4) ab-
sence of an embryo with a heartbeat >11 days after a scan
that showing a gestational sac with a yolk sac [12]. The in-

clusion criteria for the healthy pregnancy group were nor-
mal pregnancy structures, including a gestational sac with
a fetal heart rate. The common exclusion criteria for both
groups were as follows: (1) incomplete information; and (2)
internal illnesses, trauma, immunological issues, endocrine
disorders, genital tract anatomical anomalies, infections, or
genetic disorders. Neither group exhibited any additional
apparent internal medical or surgical conditions. The study
procedure was approved by the Ethics Committee of the
Second Affiliated Hospital of Xi’an Jiaotong University
(No. 2023267), and all participants provided informed con-
sent. The principles outlined in the Declaration of Helsinki
were adhered to throughout the study.

A total of 162 pregnant women were screened for par-
ticipation. Participants with the following characteristics
were excluded from the analysis: (1) missing body mass
index (BMI) values (n = 5); (2) missing serum lipid infor-
mation (n= 6); and (3) internal medical or surgical disorders
(n=15). After screening, 146 participants were included in
the final analysis. The study inclusion flow chart is shown
in Fig. 1.

2.2 Collection of Data

All patient data were obtained from the hospital’s elec-
tronic medical record system. The indicators analyzed in
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Fig. 2. ROC curve of serum LDL, GGT, and the combined diagnosis of MM in women above age 35. LDL, low-density lipoprotein;

GGT, gamma-glutamyl transferase; ROC, receiver operating characteristics; MM, missed miscarriage.

this study included demographic information and labora-
tory data. General information included age, gestational
age, BMI, gravidity, live birth, spontaneous miscarriage,
history of drug or radiation exposure, occupation (unem-
ployed, clerk, professional/technical personnel), and preg-
nancy complications (e.g., asymptomatic uterine microfi-
broids or small ovarian cysts). Laboratory data included
TC, TG, HDL, LDL, LDH, and GGT.

2.3 Laboratory Assays

For all participants, fasting blood samples (5 mL) were
drawn from the antecubital vein after the diagnosis was con-
firmed, and collected in tubes without anticoagulant. All
samples were immediately centrifuged at 3000 rpm for 5
min at4 °C, and the serum was separated from the blood clot
to minimize the time samples were kept in the lab. This was
done after the samples had been incubated at room temper-
ature for 5 minutes. Serum indicators were simultaneously
analyzed using an automated biochemical analyzer (version
AUS5800, Beckman Coulter Inc., Brea, CA, USA).
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2.4 Statistical Analysis

The data’s conformity to a normal distribution was
evaluated using the Kolmogorov-Smirnov test. Continu-
ous variables with a normal distribution were presented as
means + standard deviations (SD) and analyzed using the
Student’s t-test, while skewed variables were presented as
medians (interquartile range) and analyzed using the non-
parametric Mann-Whitney U test. The Pearson x? test was
used to compare categorical variables, which are presented
as counts (percentages). Multivariate logistic regression
analysis was used to identify independent risk factors for
MM, based on statistically significant variables from uni-
variate analyses (p < 0.05). The diagnostic accuracy of
serum indicators was then evaluated using a receiver oper-
ating characteristics (ROC). All statistical tests were two-
sided, and a p-value of less than 0.05 was considered sta-
tistically significant. Kolmogorov-Smirnov tests, Mann-
Whitney U tests, Pearson’s x? tests, Student’s -tests, lo-
gistic regression, and ROC analysis were performed us-
ing SPSS software (version 26.0, IBMCorp., Armonk, NY,
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Table 1. Demographic variables by group.

Variables MM (n = 80) Healthy pregnancy (n = 66) x2/z p-value
Age (year) 36.00 (35.00, 37.75) 36.50 (35.00, 39.00) -0.972 0.331
Gestational age (day) 75.00 (66.00, 84.00) 71.50 (59.00, 90.00) -0.775 0.438
BMI (kg/m?) 0.145 0.986
Underweight (<18.50) 12 (15.00) 9 (13.64)
Normal (18.50-23.90) 38 (47.50) 31 (46.97)
Overweight (24.00-27.90) 16 (20.00) 13 (19.70)
Obese (>28.00) 14 (17.50) 13 (19.70)
Gravidity (times) 1.624 0.444
1 13 (16.25) 7 (10.61)
2 25 (31.25) 18 (27.27)
>3 42 (52.50) 41 (62.12)
Live birth (times) 14.416 <0.001
0 25 (31.25) 4 (6.06)
>1 55 (68.75) 62 (93.94)
Spontaneous miscarriage (times) 4.426 0.109
0 28 (35.00) 33 (50.00)
1 27 (33.75) 21 (31.82)
>2 25 (31.25) 12 (18.18)
Drug or radiation exposure 0.001 0.980
No 68 (85.00) 56 (84.85)
Yes 12 (15.00) 10 (15.15)
Occupation 17.404 <0.001
Unemployed 12 (15.00) 30 (45.45)
Clerk 40 (50.00) 25 (37.88)
Professional/technical 28 (35.00) 11 (16.67)
Pregnancy complications 18.781 <0.001
No 32 (40.00) 50 (75.76)
Yes 48 (60.00) 16 (24.24)

BMI, body mass index; MM, missed miscarriage. The Pearson x?2 test was used to compare categorical variables,

which were reported as the number of cases (percentages). The Mann-Whitney U test was used to compare contin-

uous variables, which were reported as medians (interquartile range).

USA). MedCalc® statistical software (version 20, MedCalc
Software Ltd., Ostend, Belgium) was used to compare the
area under the curve (AUC).

3. Results
3.1 Baseline Demographic Characteristics

A total of 146 women were included in this study.
Based their pregnancy outcomes, they were divided into
two groups: the MM group (n = 80) and the healthy preg-
nancy group (n = 66). The general characteristics of all
participants are presented in Table 1. No significant dif-
ferences were observed between the two groups in terms
of age, gestational age, BMI, gravidity, number of sponta-
neous miscarriages, or history of drug or radiation exposure
(p > 0.05). However, statistically significant differences
were observed in the number of live births, occupation, and
pregnancy complications (p < 0.001).

3.2 Analysis of Serum Indicators

TC, TG, HDL, and LDH levels were similar between
the groups (p > 0.05), while LDL and GGT levels were
significantly higher in the MM group [2.56 £ 0.56 vs. 2.18
=+ 0.54; 22.50 (16.25, 29.00) vs. 11.50 (9.00, 16.25)], p <
0.001) (Table 2). TC levels in the MM group were higher
compared to the healthy pregnancy group, with a p-value
approximately 0.05. Therefore, TC was included in the sub-
sequent multinomial logistic regression analysis.

3.3 Influencing Factors for MM

In the univariate analysis, the number of live births,
occupation, pregnancy complications, LDL, and GGT lev-
els were significantly associated with increased risk of MM
(» < 0.05). In the multivariate logistic regression anal-
ysis, TC was progressively phased out, while occupation
[Clerk vs. Unemployed: odds ratio (OR) = 3.322, 95% CI
(confidence interval) = 1.104—10.003, p = 0.033; Profes-
sional/technical personnel vs. Unemployed: OR = 6.922,
95% CI = 2.012-23.810, p = 0.002], pregnancy complica-
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Table 2. Comparison of serum indicators by group.

Variables MM (n = 80) Healthy pregnancy (n = 66) t/z p-value
TC (mmol/L) 4.87 +1.07 452 +£1.10 1.947 0.053
TG (mmol/L) 1.35(0.99, 1.99) 1.30(0.97, 1.77) -0.348 0.728
HDL (mmol/L) 1.50 £+ 0.36 1.49 £+ 0.40 0.297 0.767
LDL (mmol/L) 2.56 £ 0.56 2.18 +£0.54 4.269 <0.001
LDH (IU/L) 153.50 (135.50, 174.75) 149.00 (135.75, 163.25) -1.078 0.281
GGT (U/L) 22.50 (16.25, 29.00) 11.50 (9.00, 16.25) —6.059 <0.001

MM, missed miscarriage; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL,

low-density lipoprotein; LDH, lactate dehydrogenase; GGT, gamma-glutamyl transferase. Student’s #-

test was used to compare normally distributed continuous variables, which were represented as means +

SD. The Mann-Whitney U test was used to compare the skews in the variables, which were expressed as

medians (interquartile range). SD, standard deviations.

Table 3. Multivariate logistic regression analysis by group.

Variables B S.E. Wald  p-value OR (95% CI)
Constant —4.013
Live birth (times)

0 1

>1 -1.719 0.681 6.377  0.012 0.179 (0.047-0.680)
Occupation

Unemployed 1

Clerk 1.201  0.562 4.559  0.033 3.322 (1.104-10.003)

Professional/technical 1.935  0.630 9.420 0.002 6.922 (2.012-23.810)
Pregnancy complications

No 1

Yes 1.070  0.446 5.763 0.016 2.916 (1.217-6.985)
Serum indicators

LDL (mmol/L) 1.117 0410 7.417  0.006 3.057 (1.368-6.831)

GGT (U/L) 0.078  0.025 9.535 0.002 1.082 (1.029-1.137)

OR, odds ratio; 95% CI, 95% confidence interval; LDL, low-density lipoprotein, GGT,
gamma-glutamyl transferase; S.E., standard error.

tions (YES vs. NO: OR = 2.916, 95% CI = 1.217-6.985,
p =0.016), LDL (OR = 3.057, 95% CI = 1.368-6.831, p
= 0.006), GGT (OR = 1.082, 95% CI = 1.029-1.137, p =
0.002), were identified as independent risk factors. Addi-
tionally, the number of live birth (>1 vs. 0: OR = 0.179,
95% CI = 0.047-0.680, p = 0.012) was found to be a pro-
tective factor for MM in women over age 35 (Table 3).

3.4 Diagnostic Test Accuracy

The diagnostic potential of the two serum indicators
was further assessed using ROC analysis, and the AUC was
calculated to assess their accuracy in diagnosing MM. The
AUC for LDL was 0.709, while the AUC for GGT was
0.792. An LDL value >2.31 identified MM with 72.5%
sensitivity and 66.7% specificity, whereas a GGT value
>15.5 identified MM with 78.8% sensitivity and 72.7%
specificity. However, the combined diagnostic accuracy of
both indicators was superior to that of either single marker
(AUC = 0.880, sensitivity 92.5%, specificity 72.7%; Z =
4.238,2.813, p < 0.001, p < 0.01) (Table 4 and Fig. 2).
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4. Discussion

Clinically, patients with MM may remain asymp-
tomatic, making early detection challenging without regular
ultrasound monitoring and sequential beta-human chorionic
gonadotropin (8-HCG) testing. However, patients with
MM are sometimes hospitalized due to severe vaginal hem-
orrhage, which can cause significant physical and psycho-
logical harm. Considering the challenges of early identi-
fication and the severe consequences of postponing treat-
ment, the incidence of MM in women over 35 has increased
significantly in recent years. This underscores the need
for more accurate diagnostic measures and timely interven-
tions to reduce its occurrence. Identifying serum diagnos-
tic markers for MM that can reduce uncertainty and prevent
unnecessary harm would be extremely valuable from a ther-
apeutic standpoint [13].

In our study, univariate analysis revealed statistically
significantly differences in serum levels of LDL and GGT
between women with MM and those with healthy preg-
nancies. Multivariate logistic regression analysis further


https://www.imrpress.com

Table 4. Diagnostic test accuracy of LDL, GGT, and their combination.

95% CI
Variable AUC S.E. ° Cut-off value  Sensitivity (%)  Specificity (%) p-value
Lower  Upper
LDL (mmol/L) 0.709 0.044  0.623  0.794 2.31 72.5 66.7 <0.001*
GGT (U/L) 0.792 0.039 0.715  0.868 15.5 78.8 72.7 0.005%*
Combine 0.880 0.030 0.821 0.940 - 92.5 72.7

AUC, area under the curve; 95% CI, 95% confidence interval; LDL, low-density lipoprotein; GGT, gamma-glutamyl transferase.
* indicates that the AUC value of LDL was compared with the combined AUC value, Z = 4.238, p < 0.001; ** indicates that
the AUC value of GGT was compared with the combined AUC value, Z =2.813, p < 0.01.

showed a positive correlation between the incidence of MM
and elevated levels of LDL and GGT. Using ROC curve
analysis, we found that the AUC for LDL was 0.709, with
a sensitivity of 72.5%, and a specificity of 66.7%. The
AUC for GGT was 0.792, with a sensitivity of 78.8%, and
a specificity of 72.7%. However, the AUC of the combined
ROC increased to 0.880, surpassing that of either individ-
ual marker, with a sensitivity of 92.5%, and a specificity of
72.7%. Although the optimal cut-off values for LDL and
GGT remained within the normal range, these levels were
significantly higher in women over the age of 35 who ex-
perienced MM. These results suggest that elevated serum
LDL and GGT levels are risk factors for MM in women
over the age of 35. Furthermore, serum LDL and GGT may
play a crucial role in the diagnosis of MM, with their com-
bination improving diagnostic accuracy compared to either
marker alone.

Circulating LDL particles, rich in cholesterol, have the
ability to penetrate the vessel wall and undergo oxidation
to form oxidized LDL (ox-LDL) [14]. Ox-LDL can acti-
vate and impair vascular endothelial cells, thereby enhanc-
ing their pro-adhesion properties of endothelial cells and
promoting the monocyte recruitment. This process leads to
the accumulation of inflammatory, lipid-rich macrophages
and pro-inflammatory lymphocytes in arterial intima, ulti-
mately leading to the formation of atherosclerotic plaque
[15]. Although the role of LDL in miscarriage remains
unclear, some research suggests that acute atherosis and
diffuse lipid infiltration may occur in the placenta, poten-
tially serving as definitive indicators of placental dysfunc-
tion [16]. Furthermore, altered lipid metabolism may im-
pact placental lipid transport and fetal development [17].
Animal studies have substantiated the efficacy of statins in
mitigating severe pregnancy complications, such as recur-
rent miscarriages and preeclampsia, which are often linked
to the impact of hyperlipidemia on placental function [18].
In recent years, numerous studies have focused on dyslipi-
demia in the field of assisted reproduction, yet few have
examined dyslipidemia in natural pregnancies. In a ret-
rospective study, Cai et al. [19] examined 2011 women
who underwent in vitro fertilization (IVF) or intracyto-
plasmic sperm injection (ICSI) with fresh embryo trans-
fer. Their findings indicated that LDL had the most sig-
nificant negative impact on reproductive outcomes, result-

ing in increased rates of miscarriage, reduced live birth
rates, and decreased conception rates. Research from hu-
man IVF studies also indicates a negative correlation be-
tween LDL levels and the number of normally fertilized
oocytes. Conversely, no significant correlation has been
found between LDL levels and the morphological charac-
teristics of embryos [20]. Furthermore, dyslipidemia signif-
icantly decreases the biochemical pregnancy rate, embryo
implantation rate, and live birth rate in individuals under-
going donor egg treatment [21]. Our research reveals that,
in natural pregnancies, the pregnancy outcomes of women
over 35 years of age are associated with LDL levels.

The liver enzyme GGT is essential for glutathione
metabolism ; its deficiency causes oxidative stress and in-
creases cellular vulnerability to oxidative damage [22,23].
GGT expression increases in response to oxidative stress
as part of an adaptive mechanism [24]. Recent studies have
shown that GGT is a key marker of oxidative stress. Indeed,
this enzyme can trigger pro-oxidant processes, which play
a crucial role in tumor development and cell growth [25].
Miscarriage has been associated with oxidative stress; de-
creased antioxidant function during pregnancy can lead to
spontaneous miscarriage [26]. Research indicates that ex-
cessive oxidative stress on the placental tissues is a unify-
ing pathophysiological mechanism underlying the various
causes of early pregnancy loss [27]. Oxidative stress plays
a role in vascular endothelial injury, angiogenesis, and the
establishment of adequate blood supply to the embryo, all
of which are critical for implantation and pregnancy success
[28]. In a retrospective study, Fang et al. [2] found that the
serum marker GGT was associated with apoptosis and ox-
idative stress, with significantly elevated levels of GGT in
women with MM. Several studies have demonstrated that
elevated GGT levels in the early stages of pregnancy are
independent risk factors for both preeclampsia and gesta-
tional hypertension [29]. These studies suggest that serum
GGT is associated with pathological pregnancies. To our
knowledge, our present study is the first to demonstrate that
elevated LDL and GGT levels in natural pregnancies may
serve as diagnostic indicators for MM in women over the
age of 35.

A limitation of this study is its retrospective design,
which may have introduced bias into the results. In addi-
tion, since all patients and healthy pregnant women were
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enrolled from the same center, the results may be center-
specific and not generalizable. The sample size was also
small; however, we intend to continue collecting patient
records for further investigation. Notably, we did not com-
pare the indices related to MM in young women.

5. Conclusions

In summary, serum LDL and GGT are high-risk fac-
tors for MM in women over the age of 35. These mark-
ers may also play a crucial role in the diagnosis of MM,
with their combination potentially improving diagnostic ac-
curacy compared to either marker alone. These preliminary
results warrant further investigation in a well-designed mul-
ticenter prospective study.
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