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Abstract:

This study aimed to evaluate the role of oxidative stress and selected biochemical markers in
women with recurrent miscarriage (RM). Specifically, it assessed serum levels of glutathione perox-
idase (GPx), catalase (CAT), glutathione (GSH), malondialdehyde (MDA), vitamin D3 (VD3), and
pregnancy-associated plasma protein A (PAPP-A). A total of 100 serum samples were obtained and
classified into four groups: 30 women with a history of RM (with recent loss within six months), 30
pregnant women at risk of miscarriage, 20 healthy pregnant women, and 20 non-pregnant controls
with no miscarriage history. All participants underwent biochemical testing to determine the levels of
antioxidant enzymes and vitamin D3, while PAPP-A levels were measured only in pregnant groups.
The findings revealed a significant increase in CAT (166.88 + 37.03) and MDA (4.02 &+ 0.26) levels,
alongside a notable reduction in GPx (57.89 £ 14.24) and vitamin D3 (20.37 £+ 7.19) in the RM group
compared to controls, with statistical significance at p < 0.05. However, PAPP-A levels showed no
significant difference between pregnant women with or without miscarriage history, likely due to
biological variability and gestational age differences. These results indicate that oxidative stress and
vitamin D deficiency may play a key role in the pathophysiology of recurrent miscarriage. The study
supports the value of early detection and correction of these imbalances as part of preventive strate-
gies for high-risk pregnancies. Further longitudinal studies with larger cohorts are recommended to
validate these biomarkers and explore their utility in clinical risk prediction and targeted intervention.

Keywords: Oxidative stress, Recurrent miscarriage, Vitamin D, Pregnancy-associated plasma
protein A (PAPP-A), Biomarkers, Antioxidants.
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1. Introduction

Recurrent pregnancy loss (RPL)
i1s considered one of the challenging
clinical issues in the field of obstetrics
and gynecology. It is defined as the
spontaneous loss of two or more con-
secutive pregnancies before the 20th
week of gestation. Epidemiological es-
timates indicate that this condition af-
fects approximately 1-2% of women
of reproductive age, making it a signif-
icant source of both psychological and
physical distress[1]. It also represents a
major medical challenge in the field of
reproductive healthcare. Despite con-
tinuous advancements in diagnostic
methods, more than 50 percent of re-
current pregnancy loss cases are clas-
sified as unexplained, meaning that no
clear causes can be identified after stan-
dard evaluations[2]. This highlights
the need to expand research efforts to
better understand the hidden and in-
fluential factors involved. Among the
most prominent mechanisms that have
gained increasing scientific attention
in recent years is the hypothesis of
oxidative imbalance within the uter-

ine environment, manifested as what

1s known as oxidative stress[3]. This
type of physiological stress occurs as
a result of an imbalance between the
production of reactive free radicals,
particularly reactive oxygen species
(ROS), and the capacity of antioxidant
defense systems to neutralize and elim-
inate them[4]. In this context, biomark-
ers such as catalase (CAT), glutathione
peroxidase (GPx), the non-enzymatic
antioxidant glutathione (GSH), and the
lipid peroxidation product malondial-
dehyde (MDA) serve as valuable diag-
nostic and analytical tools for assess-
ing the oxidative status of the body[5].
Available evidence indicates that ele-
vated levels of reactive oxygen species
(ROS) and the decline in the efficiency
of antioxidant systems directly con-
tribute to detrimental changes in the
endometrial lining, adversely affecting
embryo implantation and pregnancy
maintenance[6]. These oxidative re-
actions also negatively impact the pla-
cental vasculature and the molecular
signaling essential for fetal develop-
ment, potentially leading to recurrent
pregnancy loss even in the absence
of evident chromosomal or anatomi-

cal abnormalities[7]. Furthermore, vi-
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tamin D 1s considered a vital element
that has shown an increasing associa-
tion with pregnancy maintenance. Al-
though primarily a steroid hormone, its
role extends beyond regulating calcium
and phosphate balance to include mod-
ulation of the immune system through
vitamin D receptors (VDR) present in
reproductive tissues, the placenta, and
immune cells[8].

Numerous studies have demonstrat-
ed that deficiency of the active form of
vitamin D in serum, or dysregulation
of its receptor gene expression, may
be associated with an increased risk of
pregnancy loss. This association is at-
tributed either to disruption of immune
balance at the maternal-fetal interface
or to adverse effects on embryo implan-
tation and placental development[9].
Moreover, pregnancy-associated plas-
ma protein A (PAPP-A) is an important
biomarker secreted by placental tro-
phoblast cells. It plays a regulatory role
in fetal growth by modulating the avail-
ability of insulin-like growth factors
(IGFs)[10]. Although PAPP-A is wide-
ly used as a marker in early screening
for Down syndrome and preeclampsia,

its role in assessing the risk of recur-

rent miscarriage remains a subject of
scientific debate, particularly due to
the temporal variability of its levels
throughout different stages of preg-
nancy and the influence of confound-
ing factors such as gestational age and
sample characteristics[11]. Building
upon the existing knowledge gap sur-
rounding the biochemical mechanisms
underlying recurrent pregnancy loss,
this study aims to elucidate the po-
tential relationship between oxidative
stress-related biomarkers (CAT, GPx,
GSH, MDA), vitamin D levels, and se-
rum PAPP-A concentrations in women
with a history of recurrent miscarriage
compared to women with normal preg-
nancies and non-pregnant women serv-
ing as controls. Given these insights,
the present study aims to evaluate the
relationship between oxidative stress
markers (CAT, GPx, GSH, MDA),
serum vitamin D levels, and PAPP-A
concentrations in women with recur-
rent miscarriage. By comparing these
parameters across groups of pregnant
and non-pregnant women, this research
seeks to clarify the potential diagnostic
value of these biomarkers in identify-
ing at-risk pregnancies and guiding fu-
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ture therapeutic strategies.

2. Methodology
This study was conducted at gy-
necology clinics in Tikrit, Iraq, from

October 2024 to March 2025. A total

of 100 participants, aged 20—40 years,

were divided into four groups:

e Group 1: 30 women with recurrent
miscarriage (RM) with the most re-
cent loss within six months.

e Group 2: 30 pregnant women at risk
of miscarriage.

e Group 3: 20 healthy pregnant wom-
en (reference group).

e Group 4: 20 non-pregnant women
with no history of miscarriage (con-
trol group).

2.1 Sample Collection:

Venous blood (5 mL) was drawn
from each participant using sterile sy-
ringes and collected into serum sep-
arator tubes (gel tubes). Samples were
allowed to clot at room temperature for
10 minutes, followed by centrifugation
at 3000 rpm for 15 minutes to isolate
serum. Aliquots of serum were stored
at —20°C until biochemical analysis to
prevent enzymatic degradation.

2.2 Biochemical Analyses:

Catalase activity was determined
spectrophotometrically based on Ae-
bi’s method (1984), by monitoring the
decomposition of hydrogen peroxide

(H202) at 240 nm using a UV-Vis spec-

trophotometer (Shimadzu UV-1800).

e Fresh 30 mM H:O: solution was
prepared in 50 mM phosphate buf-
fer (pH 7.0).

e (.1 mL of serum was mixed with 2.9
mL of substrate solution, and the de-
crease in absorbance was recorded
over 1 minute.

e Enzyme activity was expressed in

umol/min/ml.

2.3 Glutathione Peroxidase (GPx)
Activity:

GPx activity was measured using
the Paglia and Valentine (1967) meth-
od, based on NADPH oxidation at
340 nm in the presence of glutathione
(GSH) and glutathione reductase.

e Reaction mixture included GSH,
NADPH, and glutathione reductase
in phosphate buffer (50 mM, pH
7.0).

e 0.2 mL of serum was added, and
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absorbance was recorded every 15
seconds for 3 minutes.
e Results were expressed as mmol/

min/ml.

2.4 Malondialdehyde (MDA) Lev-
els:

Lipid peroxidation marker MDA
was quantified by the thiobarbituric
acid reactive substances (TBARS)
assay according to Buege and Aust
(1978).

e (0.5 mL of serum was mixed with
2.5 mL of 10% trichloroacetic acid
(TCA) and 1 mL of 0.67% thiobar-
bituric acid (TBA).

e Samples were heated at 95°C for 15
minutes, cooled, and centrifuged at
3000 rpm for 10 minutes.

e Absorbance of the supernatant was
measured at 532 nm, and MDA con-
centration was calculated in nmol/
mL

2.5 Pregnancy-Associated Plasma
Protein-A (PAPP-A):

PAPP-A was measured using an
enzyme-linked immunosorbent assay
(ELISA) kit (Thermo Fisher Scientific,
USA) following the manufacturer’s in-

structions.

e Standards with known concen-
trations were used to construct a cali-
bration curve.

e Absorbance was measured at
450 nm using an ELISA microplate
reader (BioTek ELx800).

2.6 Vitamin D3 Levels:

Serum 25-hydroxyvitamin D3
[25(OH)D3] was determined using a
direct competitive chemiluminescent
immunoassay (CLIA) on the LIAI-
SON® system (DiaSorin, Italy).

Internal quality control was per-
formed using high and low concentra-

tion reference samples.

2.7 Statistical Analysis

The results were statistically ana-
lyzed using Minitab software version
17. Analysis of variance (ANOVA)
was performed to assess correlations
between the biochemical markers and
to compare the mean values across
the study groups. Duncan’s Multiple
Range Test was applied for post hoc
comparisons at significance levels of
0.01 and 0.05.



Ocxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D
in Recurrent Pregnancy Loss ............ccccoooiiiiiiniiiiininnenn,

..... Dina A. Ibrahim

s T vaher || 324

[ STUDY GROUPS

30 Women with
Recurrent Miscarriage

30 Pregnant Women
at Risk of Miscarriage

20 Healthy Pregnant
Women
I
20 Non-Pregnant Women
(Control Group)

=)

Figure 1: Study Groups and Analysis Workflow

SAMPLE COLLECTION AND
BIOCHEMICAL ANALYSES

!

Venous blood (5 mL),
Serum isolation

v

Biochemical Analyses

v
Catalase (CAT) Activity ]
]

[

+
[ Glutathione Peroxidase (GPx)
[

Activity

v
Malondialdehyde (MDA) Levels

¥

Pregnancy-Associated Plasma
Protein-A (PAPP-A)

3. Results

The biochemical analysis revealed
significant differences between women
with recurrent miscarriage (RM) and
the other study groups. Catalase (CAT)
activity was markedly elevated in the
RM group (166.88 +37.03 pmol/ml)
compared to healthy pregnant women
(70.73 £ 17.25 pmol/ml)andnon-preg-
nant controls (116.53 +26.31 umol/
ml), with statistical significance at
p <0.05.

resents a compensatory antioxidant re-

This elevation likely rep-

sponse to increased oxidative stress in
RM patients.
Conversely, glutathione peroxidase

(GPx)activity wassignificantly reduced
in the RM group (57.89 + 14.24 Mmol/
ml) relative to non-pregnant controls
(81.80 = 17.50 Mmol/ml) and healthy
pregnantwomen (98.90 = 20.60 Mmol/
ml). This decrease indicates a weak-
ened antioxidant defense system, po-
tentially contributing to cellular dam-
age within the uterine environment.

Malondialdehyde (MDA), a marker
oflipidperoxidation, wasnotablyelevat-
ed in RM patients (4.02 £ 0.26 moles/
ml) compared to the non-pregnant con-
trol group (3.37 &+ 0.38 moles/ml), re-
flecting enhanced oxidative membrane
damage.

Serum vitamin D3 levels were also
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significantly lower in the RM group
(20.37 £ 7.19 ng/ml) than in non-preg-
(42.95 £ 15.73 ng/
ml) and healthy pregnant women
(30.25 £ 11.44 ng/ml), with strong sta-
tistical significance (p < 0.05). This de-
ficiency underscores the potential role

nant controls

of vitamin D3 in modulating immune

tolerance and maintaining pregnancy.

Pregnancy-associated plasma pro-
tein-A (PAPP-A) levels, however, did
not show significant differences be-
tween pregnant women with or with-
out a history of miscarriage, possibly
due to gestational age variability and
inter-individual biological differences.
As shown in Table 1.

Table 1: Comparative Analysis of GPx, CAT, GSH, MDA, Vitamin D,
and PAPP-A in Miscarriage and Control Groups

parameter Abortion N=30 PregnantNW:i;l(l) abortion pregnant N=20 [ Control N=20 | P Value
Catalase pmol/ml | 166.88+37.03 106.28+29.05 70.73£17.25 116.53+26.31 P<0.05
GPX Mmol/ml 57.89+14.24 50.21£16.50 98.90+20.60 81.80+17.50 P<0.05
GSH pmol /1 567.5+45.20 638.3+48.61 552.4+52.40 563.2+46.21 P<0.05
MDA moles /ml | 4.0205+0.2628 3.9482+0.3576 3.9892+0.3467 | 3.3794+0.3876 | P<0.05
VitD3 ng/ml 20.37+7.19 21.03 +£6.89 3025+ 11.44 | 42.95+15.73 | P<0.05
PAPP-A pg/ml 4490 + 72.3 4486 + 72.8 NS

4. Discussion

The results presented in the above ta-
ble indicate that the antioxidant enzyme
catalase (CAT) levels were elevated
in patients with recurrent miscarriage
compared to healthy controls. This in-
crease in enzyme activity among the af-
fected patients aligns with findings re-

ported in previous studies, the elevated

levels of catalase can be explained as
supporting the compensatory mecha-
nism against oxidative damage[12]. As
shown in Table (1), the presence of an
abnormal oxidative response or pos-
sible disturbances in oxygen metabo-
lism. This reflects a disruption in the
redox balance, leading to an increase
in catalase levels as part of a defensive

mechanism aimed at protecting cells
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from the harmful effects of oxidative
stress[1], [12]. When comparing the
group of pregnant women at risk of
miscarriage with the healthy control
group, no statistically significant dif-
ference was observed. This finding is
consistent with the results reported in
Study[13]. The body increases the se-
cretion of antioxidant enzymes, such
as catalase, as a compensatory mech-
anism in response to oxidative stress.
This suggests that the body activates
certain antioxidant enzymes to miti-
gate oxidative damage, reflecting an
adaptive response to the physiological
stress associated with miscarriage[12].
An elevated level of catalase was also
observed in pregnant women with a
history of previous miscarriage com-
pared to those with normal pregnan-
cies, which is consistent with the find-
ings reported in Study[14]. This can be
interpreted as a decline in individual
antioxidant defenses to suppress oxi-
dative stress during pregnancy. Even in
cases where antioxidant levels appear
elevated during pregnancy, the over-
all outcome may still reflect a reduced
total antioxidant capacity[15]. The de-

crease in catalase levels observed in

the normal pregnancy group compared
to the non-pregnant healthy controls is
consistent with the findings reported in
both referenced studies[16], [17]. For
the same reason mentioned earlier, the
study indicated the potential decline
in overall antioxidant capacity during
pregnancy despite variable individ-
ual antioxidant levels[15]. A signifi-
cant difference was observed between
the miscarriage group and the group
of pregnant women with a history of
previous miscarriage, suggesting that
antioxidant defense mechanisms may
be compromised in patients experienc-
ing spontaneous miscarriage[14]. A
highly significant difference was also
observed when comparing the miscar-
riage group with the normal pregnan-
cy group, which is consistent with the
findings of Study , likely due to the
same previously mentioned reasons re-
lated to impaired antioxidant defense
mechanisms[12].

As for GPx, a decrease in its levels
was observed in the miscarriage group
compared to the healthy control group,
which is consistent with the findings
reported in the referenced study[18].
Oxidative stress associated with pre-
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eclampsia may result from diminished
antioxidant defense pathways, particu-
larly those involving glutathione per-
oxidase (GPx), and could be linked
to reduced selenium availability. A
decrease in GPx activity may lead to
increased production of toxic lipid per-
oxides, which contribute to endotheli-
al dysfunction and the elevated blood
pressure characteristic of preeclamp-
sia[19]. It was found that the enzyme
activity and concentration in the preg-
nant group with miscarriage were de-
creased compared to those with normal
pregnancies and the healthy control
group, consistent with the findings of
the referenced study[20], [21]. During
normal pregnancy, reactive oxygen
species (ROS) activity is suppressed
by balancing oxidative stress with an-
tioxidant levels, including GPx. When
antioxidant defenses are insufficient or
their levels are inadequate, this imbal-
ance can lead to recurrent miscarriage
(RM)[22]. Similarly, when comparing
the normal pregnancy group with the
healthy control group, no significant
difference was observed, which is con-
sistent with the findings of the refer-
enced study[23]. When comparing

GPx levels between the miscarriage
group and the pregnant group with
miscarriage, no statistically significant
differences were observed.

The decreased activity of glutathi-
one peroxidase (GSH-Px) may sig-
nificantly contribute to the occurrence
of spontaneous miscarriage. This sug-
gests that reduced antioxidant enzyme
activity can be a risk factor for miscar-
riage, highlighting the potential role of
oxidative stress in this condition[18].
When comparing GPx levels between
the miscarriage group and the normal
pregnancy group, a significant differ-
ence was observed, consistent with
studies (67) and (68), due to the previ-
ously mentioned reasons related to ox-
idative stress imbalance[14], [18]. As
for glutathione (GSH), a non-enzymat-
ic intracellular antioxidant, comparison
of its levels between the miscarriage
group and both the normal pregnancy
and healthy control groups revealed no
statistically significant differences[24].
The result of the comparison between
the miscarriage group and the normal
pregnancy group is consistent with the
findings of the referenced study[25],
[26]. The stability of GSH levels in pa-
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tients with recurrent miscarriage may
indicate a compensatory response to
counteract oxidative stress. However, if
this response is insufficient, it may lead
to the accumulation of oxidized gluta-
thione (GSSG), thereby exacerbating
oxidative stress and contributing to the
occurrence of recurrent miscarriage. A
significant difference was observed in
GSH levels when comparing the preg-
nant group at risk of miscarriage with
both the healthy control group and the
normal pregnancy group. This find-
ing may be interpreted as a reduction
in individual antioxidant capacity to
suppress oxidative stress during preg-
nancy. Even in cases where certain an-
tioxidant levels appear elevated, the
overall antioxidant capacity may still
be diminished, reflecting a compro-
mised defense system against oxidative
stress[15]. A statistically significant
difference was observed when com-
paring the pregnant group with a his-
tory of miscarriage to the miscarriage
group, suggesting that the body may
be attempting to produce more GSH
to combat the excess reactive oxygen
species. This increase is considered a

compensatory response. However, de-

spite elevated antioxidant levels during
pregnancy, the overall antioxidant ca-
pacity may ultimately be reduced, indi-
cating a potentially insufficient defense
against oxidative stress[15].

The absence of a statistically signifi-
cant difference in GSH levels between
the normal pregnancy group and the
control group suggests that the body
maintains GSH levels through its con-
tinuous regeneration by the enzyme
glutathione reductase. This mechanism
prevents excessive conversion of GSH
to its oxidized form (GSSG), thereby
preserving redox balance during nor-
mal pregnancy. This is because normal
pregnancy is accompanied by physio-
logical adaptations and immuno-hor-
monal modulation that enhance anti-
oxidant defenses to maintain a stable,
non-oxidative intrauterine environ-
ment. This balance is attributed to the
precise regulation between the produc-
tion of reactive oxygen species (ROS)
and the body’s antioxidant capacity.

Malondialdehyde (a marker of lip-
id peroxidation, LPO), is a byproduct
generated by reactive oxygen species
(ROS). It can disrupt the integrity of
the phospholipid bilayer, leading to the
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dysfunction of various membrane-as-
sociated enzymes and receptors. This
disruption ultimately increases tissue
permeability and contributes to cellu-
lar damage[27]. When comparing the
miscarriage group and the pregnant
group with a history of miscarriage to
the healthy control group, a marked in-
crease in malondialdehyde (MDA) lev-
els was observed among patients with
recurrent miscarriage. This elevation
indicates enhanced lipid peroxidation
and 1s suggestive of increased oxida-
tive stress compared to the healthy con-
trols[28], [29], [30], [31]. According
to previous studies, elevated levels of
malondialdehyde (MDA) induce oxi-
dative damage to cells, thereby contrib-
uting to miscarriage. Reactive oxygen
species (ROS) are derived from molec-
ular oxygen through the addition of an
electron and represent a class of oxy-
gen free radicals. These species are un-
able to diffuse across lipid membranes,
causing them to remain confined to the
site of their production, where they ex-
ert localized cellular damage[32]. Su-
peroxide anion (SOA) is the primary
generator of reactive oxygen species
(ROS), initiating a cascade that leads

to oxidative damage resulting from
increased ROS levels. Pregnancy is
characterized as an inflammatory state
in which leukocytes exhibit changes
similar to those observed in sepsis. No-
tably, increased production of reactive
oxygen species (ROS) by leukocytes
has been demonstrated, as evidenced
by significantly elevated spontaneous
chemiluminescence levels in granulo-
cytes from patients with recurrent mis-
carriage compared to healthy pregnant
controls[33]. During the progression
of a healthy pregnancy, these levels
are considered normal, as pregnancy
1s a physiologically stressful condition
involving alterations in various meta-
bolic and physiological functions. This
stress leads to the generation of free
radicals that target lipids, resulting in
lipid peroxidation[34], [35]. Due to
increased energy metabolism—since
pregnancy requires higher energy to
support fetal and placental growth—
there 1s an elevated production of free
radicals. Additionally, the placenta it-
self 1s an active source of free radicals,
especially during the second and third
trimesters of pregnancy. This contrib-

utes to fluctuations in the antioxidant
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balance. Although the body possesses
antioxidant defense mechanisms, preg-
nancy may induce a temporary im-
balance, leading to the accumulation
of oxidative stress byproducts such
as malondialdehyde (MDA), a stable
compound used to measure oxidative
damage[17], [36]. Similarly, no signif-
icant differences were observed when
comparing the miscarriage group with
the normal pregnancy group and the
pregnant group at risk of miscarriage.

When comparing vitamin D levels
between the miscarriage group and the
healthy control group, a clear decrease
was observed in the patient group,
consistent with the findings of the ref-
erenced study[37], limited exposure to
sunlight[38], poor nutrition and skin
pigmentation[39], and pancreatic or
liver disorders can lead to a deficiency
of the enzymes necessary for fat diges-
tion, thereby impairing the absorp-
tion of vitamin D, which is primarily
absorbed in the small intestine and 1s
fat-dependent[40].

Autoimmune diseases such as
Hashimoto’s thyroiditis and hypothy-
roidism are associated with reduced
vitamin D levels[41]. Additionally,

decreased vitamin D levels have been
observed in antiphospholipid syn-
drome (APS). Vitamin D inhibits the
expression of tissue factor (TF), a key
initiator of blood coagulation. There-
fore, vitamin D deficiency may lead to
increased thrombotic activity in APS,
which in turn contributes to miscar-
riage[42]. When compared to the nor-
mal pregnancy group, a clear reduction
in vitamin D levels was observed in
the patient group, which is consistent
with the findings reported in the refer-
enced study[43]. T cells are essential
for preventing autoimmune responses
and thus play a critical role in main-
taining a healthy pregnancy. In cas-
es of miscarriage, regulatory T cells
(Tregs) exhibit altered proportions and
impaired function, leading to reduced
maternal immune tolerance toward the
fetus[44]. When comparing the nor-
mal pregnancy group with the healthy
control group, a significant difference
was observed, which is in agreement
with the findings of the referenced
study[45], [46], [47]. Free (unbound)
vitamin D levels decrease significant-
ly during pregnancy, primarily due to

the rise in vitamin D-binding protein
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(DBP) levels. DBP binds to vitamin D
in the bloodstream, thereby reducing
the biologically available fraction ac-
cessible to tissues[48]. Vitamin D lev-
els in the blood tend to decline as preg-
nancy progresses, particularly during
the second and third trimesters, due to
the increased demand for calcium to
support fetal development[49]. When
comparing the pregnant group at risk of
miscarriage with the normal pregnancy
group, a statistically significant differ-
ence 1n vitamin D levels was observed,
which is consistent with the findings of
the referenced study. An important find-
ing has emerged regarding pregnancy
complications, particularly miscar-
riage, which accounts for approximate-
ly 17% of clinically recognized preg-
nancies ending in loss associated with
vitamin D deficiency. Pregnant women
with low vitamin D levels are at in-
creased risk due to elevated expression
of CYP27B1 and VDR in seminal fluid
and placental tissue. The placenta is re-
sponsible for converting 25(OH)Ds to
its active form, 1,25(OH).Ds. Vitamin
D plays a crucial role in trophoblast
invasion and the remodeling of pla-

cental spiral arteries—processes that

are adversely affected in cases of mis-
carriage[50], [51]. When comparing
the miscarriage group with the normal
pregnancy group (30.25+11.44b), a
clear difference was observed, which
is consistent with the findings of the
referenced study[52], [53]. Vitamin
D deficiency may lead to an imbal-
ance in immune cell regulation, there-
by increasing the risk of miscarriage.
For example, studies have shown that
women with vitamin D deficiency ex-
hibit reduced levels of both vitamin
D and its receptors in uterine tissues.
This negatively affects the immune re-
sponse at the maternal-fetal interface
and contributes to a heightened risk
of recurrent miscarriage[54]. When
comparing PAPP-A levels between the
group of pregnant women with a histo-
ry of miscarriage and the normal preg-
nancy group, no statistically significant
difference or notable effect on miscar-
riage was observed. PAPP-A levels in
maternal blood generally increase with
advancing gestational age, reaching
their peak concentrations in maternal
serum, followed by a rapid decline af-
ter delivery[55]. The results are consis-
tent with the findings of the referenced
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study[56]. Given that miscarriage is a
multifactorial condition, PAPP-A lev-
els in a subsequent pregnancy may re-
main unaffected if PAPP-A was not the
underlying cause of the previous mis-
carriage[57]. PAPP-A is primarily used
during the first trimester of pregnancy
to assess the risk of Down syndrome
and certain complications such as pre-
eclampsia and fetal growth restriction.
However, its value as a predictor of
miscarriage remains scientifically in-
conclusive, this is likely because the
study samples included two pregnant
groups for comparison, among which
some participants were in the sec-
ond trimester. This variability affects
the statistical values, indicating that
PAPP-A is neither the sole nor the most
reliable marker for predicting miscar-
riage[58]. Some studies indicate that
other markers, such as B-hCG or uterine
artery Doppler measurements, may be
more strongly associated with the risk
of early miscarriage than PAPP-A[59],
and the lack of a significant difference
may be attributed to insufficient sam-
ple size, low statistical power, or in-
adequate homogeneity in confounding
factors such as age, body mass index,

and medical history[60].

5. Conclusions

This study demonstrates that oxi-
dative stress markers and vitamin D
deficiency are closely associated with
recurrent miscarriage, suggesting that
disturbances in redox balance and im-
mune regulation may play a crucial
role in pregnancy loss. The significant
elevation in catalase and MDA levels,
along with the reduction in GPx and
vitamin D3, reflects a compromised
antioxidant defense system in affect-
ed women. Although PAPP-A did not
show significant variation between
groups, its role remains uncertain due
to gestational timing and biological
variability. These findings support the
need for early biochemical monitoring
in high-risk pregnancies and point to
the potential benefit of correcting vita-
min D deficiency and oxidative imbal-
ance as a preventive strategy. Future
research should focus on larger, lon-
gitudinal studies to validate these bio-
markers and explore the clinical utility
of combining them with other diagnos-
tic tools for more accurate prediction

and prevention of miscarriage.
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