
319 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
مـجـلــة الـدراســـات التربـويـــة والعلـمــيــة - كـلــيــة التـربـيــة - الجــامـعــة العـراقــيــةالعدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

العدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

d o i . o r g / 1 0 . 5 2 8 6 6 / e s j . 2 0 2 5 . 0 6 . 2 6 . 2 4

Oxidative Stress and Biochemical Evaluation 
of PAPP-A and Vitamin D in Recurrent Pregnancy Loss

1Dina A. Ibrahim     ,          2Firas T. Maher
Department of Chemistry, College of Science, Tikrit University, Tikrit

1Corresponding author Email: da230010psc@st.tu.edu.iq     2Email Adress: firastaher3@tu.edu.iq
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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مستخلص:
تهــدف هــذه الدراســة إلى تقييــم دور الإجهــاد التأكســدي وبعــض المــؤشرات الكيميائيــة الحيويــة المختــارة لــدى النســاء 
المصابــات بالإجهــاض المتكــرر )RM(. وقــد ركــزت بشــكل خــاص عــى قيــاس مســتويات مصــل الــدم لــكل مــن إنزيــم 
 ،)VD3(  D3 فيتامــن ،)MDA( المالوندايالديهايــد ،)GSH( الجلوتاثيــون ،)CAT( الكاتــالاز ،)GPx( الجلوتاثيــون بيروكســيداز
ــع مجموعــات: 30  ــة مصــل وتصنيفهــا إلى أرب ــم جمــع مــا مجموعــه 100 عين )PAPP-A(. ت  A ــط بالحمــل ــا المرتب ــن البلازم وبروت
ــة  ــل معرض ــرأة حام ــة(، 30 ام ــتة الماضي ــهر الس ــال الأش ــث خ ــدان حدي ــع فق ــرر )م ــاض المتك ــن الإجه ــخ م ــن تاري ــرأة لديه ام
لخطــر الإجهــاض، 20 امــرأة حامــل ســليمة، و20 امــرأة غــر حامــل ليــس لديهــن تاريــخ للإجهــاض. خضعــت جميــع المشــاركات 
 PAPP-A بينــا تــم قيــاس مســتويات ،D3 لاختبــارات كيميائيــة حيويــة لتحديــد مســتويات الإنزيــات المضــادة للأكســدة وفيتامــن

ــات. ــات الحام ــط في المجموع فق
أظهــرت النتائــج زيــادة معنويــة في مســتويات الكاتــالاز )166.88 ± 37.03( والمالوندايالديهايــد )4.02 ± 0.26(، إلى 
 )7.19 ± 20.37(  D3 جانــب انخفــاض ملحــوظ في مســتويات الجلوتاثيــون بيروكســيداز )57.89 ± 14.24( وفيتامــن 
ــر  ــل، لم تُظه ــتوى p ≤ 0.05. في المقاب ــد مس ــة عن ــة إحصائي ــع دلال ــط، م ــة الضب ــةً بمجموع ــرر مقارن ــاض المتك ــة الإجه في مجموع
مســتويات PAPP-A فرقًــا معنويًــا بــن النســاء الحوامــل مــع أو بــدون تاريــخ للإجهــاض، ويرجــع ذلــك عــى الأرجــح إلى التبايــن 

ــي. ــر الحم ــات العم ــي واختلاف البيولوج
تشــر هــذه النتائــج إلى أن الإجهــاد التأكســدي ونقــص فيتامــن D قــد يلعبــان دورًا رئيســيًا في الفيزيولوجيــا المرضيــة للإجهــاض 
المتكــرر. وتدعــم الدراســة أهميــة الاكتشــاف المبكــر وتصحيــح هــذه الاختــالات كجــزء مــن الاســراتيجيات الوقائيــة للحوامــل 
ــذه  ــة ه ــن صح ــق م ــر للتحق ــات أك ــى مجموع ــة ع ــات الطولي ــن الدراس ــد م ــراء المزي ــة بإج ــوصي الدراس ــر. ت ــات للخط المعرض

المــؤشرات واستكشــاف فائدتهــا في التنبــؤ بالمخاطــر السريريــة والتدخــل العلاجــي الموجــه.
الكلــات المفتاحيــة: الإجهــاد التأكســدي، الإجهــاض المتكــرر، فيتامــن D، بروتــن البلازمــا المرتبــط بالحمــل A، المــؤشرات 

الحيويــة، مضــادات الأكســدة.
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1. Introduction
Recurrent pregnancy loss (RPL) 

is 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 

is 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 is 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-



322
Oxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D 
in Recurrent Pregnancy Loss  ..................................................  Dina A. Ibrahim     ,     Firas T. Maher

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:
•	 Group 1: 30 women with recurrent 

miscarriage (RM) with the most re-
cent loss within six months.

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

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

•	 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 
(H₂O₂) at 240 nm using a UV-Vis spec-
trophotometer (Shimadzu UV-1800).
•	 Fresh 30 mM H₂O₂ solution was 

prepared in 50 mM phosphate buf-
fer (pH 7.0).

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

•	 Enzyme activity was expressed in 
µmol/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.
•	 Reaction mixture included GSH, 

NADPH, and glutathione reductase 
in phosphate buffer (50 mM, pH 
7.0).

•	 0.2 mL of serum was added, and 
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absorbance was recorded every 15 
seconds for 3 minutes.

•	 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).
•	 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).

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

•	 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.
•	 Standards with known concen-

trations were used to construct a cali-
bration curve.

•	 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.
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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 µmol/ml) 
compared to healthy pregnant women 
(70.73 ± 17.25 µmol/ml) and non-preg-
nant controls (116.53 ± 26.31 µmol/
ml), with statistical significance at 
p ≤ 0.05. This elevation likely rep-
resents a compensatory antioxidant re-
sponse to increased oxidative stress in 
RM patients.

Conversely, glutathione peroxidase 

(GPx) activity was significantly reduced 
in the RM group (57.89 ± 14.24 Mmol/
ml) relative to non-pregnant controls 
(81.80 ± 17.50 Mmol/ml) and healthy 
pregnant women (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 
of lipid peroxidation, was notably elevat-
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 

Figure 1: Study Groups and Analysis Workflow
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significantly lower in the RM group 
(20.37 ± 7.19 ng/ml) than in non-preg-
nant controls (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 
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 Pregnant with abortion 
N=30 pregnant N=20 Control N=20 P Value

Catalase µmol/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  µmol /l 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 30.25 ±  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 is 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 
is 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 is an elevated production of free 
radicals. Additionally, the placenta it-
self is 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 is 
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 in 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)D₃ to 
its active form, 1,25(OH)₂D₃. 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 ± 11.44 b), 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 β-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.



333 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
العدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

6. References
[1]	R. Bender Atik et al., “ESHRE 

guideline: recurrent pregnancy loss,” 
Hum Reprod Open, vol. 2018, no. 2, 
2018, doi: 10.1093/hropen/hoy004.

[2]	C. Cao, S. Bai, J. Zhang, X. Sun, 
A. Meng, and H. Chen, “Understand-
ing recurrent pregnancy loss: recent 
advances on its etiology, clinical diag-
nosis, and management,” Medical Re-
view, vol. 2, no. 6, pp. 570–589, Feb. 
2023, doi: 10.1515/mr-2022-0030.

[3]	D. Afrose, S. Alfonso-Sánchez, 
and L. McClements, “Targeting oxida-
tive stress in preeclampsia,” Hypertens 
Pregnancy, vol. 44, no. 1, Dec. 2025, 
doi: 10.1080/10641955.2024.2445556.

[4]	N. Chandimali et al., “Free rad-
icals and their impact on health and 
antioxidant defenses: a review,” Cell 
Death Discov, vol. 11, no. 1, p. 19, 
Jan. 2025, doi: 10.1038/s41420-024-
02278-8.

[5]	A. K. Hameed, S. S. jabbar, M. H. 
Barrak, and A. A. Al-fahham, “Patho-
physiology And the Biochemical and 
Clinical Significance of Malondialde-
hyde,” International Journal of Health 
& Medical Research, vol. 03, no. 10, 

Oct. 2024, doi: 10.58806/ijhmr.2024.
v3i10n05.

[6]	A. Itziou, V. Balis, E. Lakioti, V. 
Karayannis, and C. Tsanaktsidis, “En-
vironmental Pollution and Oxidative 
Stress: Health Effects During Pregnan-
cy: A Review,” Applied Sciences, vol. 
14, no. 21, p. 9884, Oct. 2024, doi: 
10.3390/app14219884.

[7]	N. R. Nayak, A. Srivastava, M. 
K. Jena, A. Odibo, and G. Sutkin, “Ge-
netic and Epigenetic Insights into Preg-
nancy-Related Complications,” Genes 
(Basel), vol. 16, no. 1, p. 1, Dec. 2024, 
doi: 10.3390/genes16010001.

[8]	P. Seth, H. Gehlot, S. Ghasal, and 
J. Verma, “Vitamin D status in preg-
nant female and its effect on the ma-
ternal and fetal outcome,” Int J Reprod 
Contracept Obstet Gynecol, vol. 13, 
no. 12, pp. 3677–3684, Nov. 2024, doi: 
10.18203/2320-1770.ijrcog20243604.

[9]	A. N. Al Balawi et al., “Impact of 
Vitamin D deficiency on immunologi-
cal and metabolic responses in women 
with recurrent pregnancy loss: focus on 
VDBP/HLA-G1/CTLA-4/ENTPD1/
adenosine-fetal-maternal conflict cross-
talk,” BMC Pregnancy Childbirth, 
vol. 24, no. 1, p. 709, Oct. 2024, doi: 



334
Oxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D 
in Recurrent Pregnancy Loss  ..................................................  Dina A. Ibrahim     ,     Firas T. Maher

10.1186/s12884-024-06914-0.
[10]	 J. F. Petersen, V. Tiittanen, 

S. Wittfooth, E. Løkkegaard, and L. 
J. Friis-Hansen, “Exploring free preg-
nancy associated plasma protein a 
(fPAPP-A) as a biomarker in early 
pregnancy,” Pract Lab Med, vol. 42, 
p. e00428, Nov. 2024, doi: 10.1016/j.
plabm.2024.e00428.

[11]	 M. M. Afzal, M. D. Khan, 
H. Batool, T. Rashid, A. S. Chughtai, 
and O. R. Chughtai, “Reference value 
of serum pregnancy associated plasma 
protein-A (PAPP-A) in 1st trimester of 
pregnancy as an antenatal screening 
tool for genetic disorders,” Pakistan 
Journal of Pathology, vol. 35, no. 4, pp. 
158–166, Nov. 2024, doi: 10.55629/
pakjpathol.v35i4.808.

[12]	 A. Biri, M. Kavutcu, N. 
Bozkurt, E. Devrim, N. Nurlu, and İ. 
Durak, “Investigation of Free Radical 
Scavenging Enzyme Activities and 
Lipid Peroxidation in Human Placen-
tal Tissues With Miscarriage,” J Soc 
Gynecol Investig, vol. 13, no. 5, pp. 
384–388, Jul. 2006, doi: 10.1016/j.
jsgi.2006.04.003.

[13]	 K. Daglar et al., “The cel-
lular immunity and oxidative stress 

markers in early pregnancy loss,” The 
Journal of Maternal-Fetal & Neona-
tal Medicine, pp. 1–4, Jul. 2015, doi: 
10.3109/14767058.2015.1064886.

[14]	 Z. Grujic, I. Grujic, M. 
Bogavac, A. Nikolic, R. Mitic, and 
Z. Stajic, “Disturbance of oxidative 
balance in the first trimester of spon-
taneous abortions,” Vojnosanit Pregl, 
vol. 73, no. 11, pp. 1038–1043, 2016, 
doi: 10.2298/VSP150321123G.

[15]	 U. S. Adiga and S. Adiga, 
“Total Antioxidant Activity in Normal 
Pregnancy,” Online Journal of Health 
and Allied Sciences, vol. 8, Apr. 2009.

[16]	 P. Sharma, S. Prabha 
Singh, P. Kumar, and R. Sharma, “Es-
timation of malondialdehyde and cat-
alase in pregnant &amp; non-prenant 
women,” Santosh University Journal 
of Health Sciences, vol. 6, no. 1, pp. 
21–25, Aug. 2020, doi: 10.18231/j.su-
jhs.2020.006.

[17]	 N. Singh, S. Khan, M. M. 
Khan, H. Ahsan, and R. Alam, “Esti-
mation of malondialdehyde and cat-
alase activity in pregnant women at 
IIMS&amp;R Hospital, Lucknow, In-
dia,” Acta Biochimica Indonesiana, 
vol. 5, no. 2, p. 89, Dec. 2022, doi: 



335 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
العدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

10.32889/actabioina.89.
[18]	 J. LI, D. HE, and Y. LAI, 

“The changes of blood selenium and 
glutathione peroxidases in women with 
spontaneous abortion”, doi: 10.3969/j.
issn.1672-9455.2011.10.014.

[19]	 H. D. Mistry, V. Wilson, 
M. M. Ramsay, M. E. Symonds, and 
F. B. Pipkin, “Reduced Selenium Con-
centrations and Glutathione Peroxidase 
Activity in Preeclamptic Pregnancies,” 
Hypertension, vol. 52, no. 5, pp. 881–
888, Nov. 2008, doi: 10.1161/HYPER-
TENSIONAHA.108.116103.

[20]	 Y. AlSheikh, H. Ghneim, 
A. Alharbi, M. Alshebly, F. Aljaser, 
and M. AboulSoud, “Molecular and 
biochemical investigations of key anti-
oxidant/oxidant molecules in Saudi pa-
tients with recurrent miscarriage,” Exp 
Ther Med, Oct. 2019, doi: 10.3892/
etm.2019.8082.

[21]	 K. Pramarta, “Lower 
Glutathione Peroxidase Serum Lev-
el Compared to Normal Pregnancy,” 
Indonesian Journal of Obstetrics and 
Gynecology, Dec. 2016, doi: 10.32771/
inajog.v36i3.307.

[22]	 T. K. Talat, “The relation-
ship between serum copper, zinc, and 

glutathione peroxidase with malondi-
aldehyde in women with unexplained 
recurrent miscarriage.,” Kufa Medi-
cal Journal, vol. 12, no. 1, pp. 29–37, 
2009, [Online]. Available: http://www.
iasj.net/iasj?func=fulltext&aId=51720

[23]	 S. B. Patil, M. V. Kodli-
wadmath, and S. M. Kodliwadmath, 
“Study of oxidative stress and enzy-
matic antioxidants in normal pregnan-
cy,” Indian Journal of Clinical Bio-
chemistry, vol. 22, no. 1, pp. 135–137, 
Mar. 2007, doi: 10.1007/BF02912897.

[24]	 V. M. Prokopenko, G. K. 
Partsalis, and S. O. Burmistrov, “The 
glutathione-dependent system of pla-
centa antioxidant defense in miscar-
riage,” Hum Physiol, vol. 32, no. 2, 
pp. 197–199, Mar. 2006, doi: 10.1134/
S0362119706020137.

[25]	 A. Wu, Y. Zhao, R. Yu, J. 
Zhou, and Y. Tuo, “Untargeted metab-
olomics analysis reveals the metabolic 
disturbances and exacerbation of oxi-
dative stress in recurrent spontaneous 
abortion,” PLoS One, vol. 18, no. 12, 
p. e0296122, Dec. 2023, doi: 10.1371/
journal.pone.0296122.

[26]	 Z. Grujic, I. Grujic, M. 
Bogavac, A. Nikolic, R. Mitic, and 



336
Oxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D 
in Recurrent Pregnancy Loss  ..................................................  Dina A. Ibrahim     ,     Firas T. Maher

Z. Stajic, “Disturbance of oxidative 
balance in the first trimester of spon-
taneous abortions,” Vojnosanit Pregl, 
vol. 73, no. 11, pp. 1038–1043, 2016, 
doi: 10.2298/VSP150321123G.

[27]	 A. W. Girotti, “Mecha-
nisms of lipid peroxidation,” J Free 
Radic Biol Med, vol. 1, no. 2, pp. 
87–95, Jan. 1985, doi: 10.1016/0748-
5514(85)90011-X.

[28]	 Y. AlSheikh, H. Ghneim, 
A. Alharbi, M. Alshebly, F. Aljaser, 
and M. AboulSoud, “Molecular and 
biochemical investigations of key anti-
oxidant/oxidant molecules in Saudi pa-
tients with recurrent miscarriage,” Exp 
Ther Med, Oct. 2019, doi: 10.3892/
etm.2019.8082.

[29]	 M. El-Far, I. H. El-Sayed, 
A. E.-G. El-Motwally, I. A. Hashem, 
and N. Bakry, “Tumor necrosis fac-
tor-α and oxidant status are essential 
participating factors in unexplained re-
current spontaneous abortions,” Clin-
ical Chemical Laboratory Medicine, 
vol. 45, no. 7, Jan. 2007, doi: 10.1515/
CCLM.2007.138.

[30]	 T. K. Talat, “The relation-
ship between serum copper, zinc, and 
glutathione peroxidase with malondi-

aldehyde in women with unexplained 
recurrent miscarriage.,” Kufa Medi-
cal Journal, vol. 12, no. 1, pp. 29–37, 
2009, [Online]. Available: http://www.
iasj.net/iasj?func=fulltext&aId=51720

[31]	 R. GÜNDÜZ et al., “Eval-
uation Of 8-Hydroxy-2-Deoxygua-
nosine And Malondialdehyde Lev-
els In First-Trimester Miscarriage: A 
Prospective Cohort Study,” Dicle Tıp 
Dergisi, pp. 74–81, Mar. 2020, doi: 
10.5798/dicletip.706022.

[32]	 J. Carlos Aledo, “Life-his-
tory Constraints on the Mechanisms 
that Control the Rate of ROS Produc-
tion,” Curr Genomics, vol. 15, no. 3, 
pp. 217–230, Jun. 2014, doi: 10.2174/
1389202915666140515230615.

[33]	 V. G. Safronova, N. K. 
Matveeva, N. V. Avkhacheva, V. M. 
Sidel’nikova, L. V. Van’ko, and G. 
T. Sukhikh, “Changes in Regula-
tion of Oxidase Activity of Periph-
eral Blood Granulocytes in Women 
with Habitual Abortions,” Bull Exp 
Biol Med, vol. 136, no. 3, pp. 257–
260, Sep. 2003, doi: 10.1023/B:BE
BM.0000008977.57795.69.

[34]	 N. Singh, S. Khan, M. M. 
Khan, H. Ahsan, and R. Alam, “Esti-



337 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
العدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

mation of malondialdehyde and cat-
alase activity in pregnant women at 
IIMS&amp;R Hospital, Lucknow, In-
dia,” Acta Biochimica Indonesiana, 
vol. 5, no. 2, p. 89, Dec. 2022, doi: 
10.32889/actabioina.89.

[35]	 R. Baban, “Oxidative stress 
in recurrent pregnancy loss women,” 
Saudi Med J, vol. 31, pp. 759–763, Jul. 
2010.

[36]	 P. Sharma, S. Prabha 
Singh, P. Kumar, and R. Sharma, “Es-
timation of malondialdehyde and cat-
alase in pregnant &amp; non-prenant 
women,” Santosh University Journal 
of Health Sciences, vol. 6, no. 1, pp. 
21–25, Aug. 2020, doi: 10.18231/j.su-
jhs.2020.006.

[37]	 W. Du, C. Ye, Y. Lin, H. 
Zhai, and J. Xia, “Study on the clinical 
value of Vitamin D in recurrent sponta-
neous abortion,” American Journal of 
Reproductive Immunology, vol. 91, no. 
1, Jan. 2024, doi: 10.1111/aji.13810.

[38]	 N. Charoenngam and S. 
Sriussadaporn, “Darker Skin Color 
Measured by Von Luschan Chromatic 
Scale and Increased Sunlight Exposure 
Time Are Independently Associated 
with Decreased Odds of Vitamin D De-

ficiency in Thai Ambulatory Patients,” 
J Nutr Metab, vol. 2021, pp. 1–9, Feb. 
2021, doi: 10.1155/2021/8899931.

[39]	 P. Datta, P. A. Philipsen, L. 
W. Idorn, and H. C. Wulf, “Low vita-
min D in dark-skinned immigrants is 
mainly due to clothing habits and low 
UVR exposure: a Danish observation-
al study,” Photochemical & Photobi-
ological Sciences, vol. 20, no. 12, pp. 
1573–1584, Dec. 2021, doi: 10.1007/
s43630-021-00115-w.

[40]	 C. Lo, P. Paris, T. Clem-
ens, J. Nolan, and M. Holick, “Vitamin 
D absorption in healthy subjects and 
in patients with intestinal malabsorp-
tion syndromes,” Am J Clin Nutr, vol. 
42, no. 4, pp. 644–649, Oct. 1985, doi: 
10.1093/ajcn/42.4.644.

[41]	 S. Taheriniya, A. Arab, A. 
Hadi, A. Fadel, and G. Askari, “Vita-
min D and thyroid disorders: a system-
atic review and Meta-analysis of obser-
vational studies,” BMC Endocr Disord, 
vol. 21, no. 1, p. 171, Dec. 2021, doi: 
10.1186/s12902-021-00831-5.

[42]	 M. A. Islam et al., “Vitamin 
D Status in Patients with Primary Anti-
phospholipid Syndrome (PAPS): A Sys-
tematic Review and Meta-Analysis,” 



338
Oxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D 
in Recurrent Pregnancy Loss  ..................................................  Dina A. Ibrahim     ,     Firas T. Maher

Antibodies, vol. 13, no. 1, p. 22, Mar. 
2024, doi: 10.3390/antib13010022.

[43]	 A. K. Mohammed and V. 
H. A. Alqani, “Association Between 
Maternal Serum Vitamin D And Early 
Pregnancy Spontaneous Abortion In 
Iraqi Women,” Asian Journal of Phar-
maceutical and Clinical Research, 
vol. 11, no. 2, p. 432, Feb. 2018, doi: 
10.22159/ajpcr.2018.v11i2.24588.

[44]	 Q.-H. Li, Q.-Y. Zhao, W.-J. 
Yang, A.-F. Jiang, C.-E. Ren, and Y.-H. 
Meng, “Beyond Immune Balance: The 
Pivotal Role of Decidual Regulatory T 
Cells in Unexplained Recurrent Spon-
taneous Abortion,” J Inflamm Res, vol. 
Volume 17, pp. 2697–2710, May 2024, 
doi: 10.2147/JIR.S459263.

[45]	 V. A. Holmes, M. S. 
Barnes, H. D. Alexander, P. McFaul, 
and J. M. W. Wallace, “Vitamin D de-
ficiency and insufficiency in pregnant 
women: a longitudinal study,” British 
Journal of Nutrition, vol. 102, no. 6, 
pp. 876–881, Sep. 2009, doi: 10.1017/
S0007114509297236.

[46]	 B. Chen, Y. Chen, and Y. 
Xu, “Vitamin D deficiency in pregnant 
women,” Medicine, vol. 100, no. 41, 
p. e27505, Oct. 2021, doi: 10.1097/

MD.0000000000027505.
[47]	 S. Al-Musharaf et al., “Vi-

tamin D Deficiency Prevalence and 
Predictors in Early Pregnancy among 
Arab Women,” Nutrients, vol. 10, no. 
4, p. 489, Apr. 2018, doi: 10.3390/
nu10040489.

[48]	 J. Y. Zhang, A. J. Lucey, 
R. Horgan, L. C. Kenny, and M. Kie-
ly, “Impact of pregnancy on vitamin 
D status: a longitudinal study,” British 
Journal of Nutrition, vol. 112, no. 7, pp. 
1081–1087, Oct. 2014, doi: 10.1017/
S0007114514001883.

[49]	 Y. Agudelo-Zapata et al., 
“Serum 25-hydroxyvitamin D levels 
throughout pregnancy: a longitudi-
nal study in healthy and preeclamptic 
pregnant women,” Endocr Connect, 
vol. 7, no. 5, pp. 698–707, May 2018, 
doi: 10.1530/EC-18-0055.

[50]	 C. Lo, P. Paris, T. Clem-
ens, J. Nolan, and M. Holick, “Vitamin 
D absorption in healthy subjects and 
in patients with intestinal malabsorp-
tion syndromes,” Am J Clin Nutr, vol. 
42, no. 4, pp. 644–649, Oct. 1985, doi: 
10.1093/ajcn/42.4.644.

[51]	 S. Y. Chan et al., “Vitamin 
D promotes human extravillous tro-



339 مـجـلـــة الــدراســات التربــويـــة والعلــمــيــة - كـلــيــة التـربـــيــة - الجـامـعـــة العــراقــيــة
العدد السادس والعشـرون - المجلد السادس - علـوم الكيمياء - كانون أول 2025 م

phoblast invasion in vitro,” Placenta, 
vol. 36, no. 4, pp. 403–409, Apr. 2015, 
doi: 10.1016/j.placenta.2014.12.021.

[52]	 S. F. Kasim, “The relation-
ship between vitamin D and sponta-
neous abortion among Iraqi women,” J 
Med Life, vol. 15, no. 6, pp. 757–761, 
Jun. 2022, doi: 10.25122/jml-2021-
0266.

[53]	 B. Pouya, H. Ahmadin-
ia, F. Ahmadinia, A. Ahmadinia, and 
A. Sadeghi, “Does Vitamin D Lev-
el Cause Recurrent Miscarriages? A 
Cross-Sectional Study on Pregnant 
Women in Isfahan, Iran,” INTERNA-
TIONAL JOURNAL OF, vol. 8, no. 
2, pp. 99–104, 2021, doi: 10.30491/
IJMR.2021.266779.1173.

[54]	 N. Li, H. M. Wu, F. Hang, 
Y. S. Zhang, and M. J. Li, “Women 
with recurrent spontaneous abortion 
have decreased 25(OH) vitamin D and 
VDR at the fetal-maternal interface,” 
Brazilian Journal of Medical and Bio-
logical Research, vol. 50, no. 11, 2017, 
doi: 10.1590/1414-431x20176527.

[55]	 A. Fruscalzo, A. Cividino, 
E. Rossetti, A. Maurigh, A. P. Londero, 
and L. Driul, “First trimester PAPP-A 
serum levels and long-term meta-

bolic outcome of mothers and their 
offspring,” Sci Rep, vol. 10, no. 1, p. 
5131, Mar. 2020, doi: 10.1038/s41598-
020-61830-5.

[56]	 M. Bogavac, A. Jakovlje-
vić, A. Nikolić, M. Milošević Tošić, 
T. Perić, and Z. Belopavlović, “Bio-
markers of oxidative stress in pregnant 
women with recurrent miscarriages,” 
Journal of Laboratory Medicine, vol. 
43, no. 2, pp. 101–114, Apr. 2019, doi: 
10.1515/labmed-2018-0148.

[57]	 L. Regan and R. Rai, “Ep-
idemiology and the medical causes 
of miscarriage,” Best Pract Res Clin 
Obstet Gynaecol, vol. 14, no. 5, pp. 
839–854, Oct. 2000, doi: 10.1053/
beog.2000.0123.

[58]	 Dr. M. Patil, “Lev-
el of Papp-A in The First Trimester 
of Pregnancy &amp; The Pregnan-
cy Outcome,” Int J Sci Res, vol. 2, 
no. 2, pp. 322–324, Jun. 2012, doi: 
10.15373/22778179/FEB2013/108.

[59]	 L. Dugoff et al., “First-tri-
mester maternal serum PAPP-A and 
free-beta subunit human chorionic 
gonadotropin concentrations and nu-
chal translucency are associated with 
obstetric complications: A popula-



340
Oxidative Stress and Biochemical Evaluation of PAPP-A and Vitamin D 
in Recurrent Pregnancy Loss  ..................................................  Dina A. Ibrahim     ,     Firas T. Maher

tion-based screening study (The FAST-
ER Trial),” Am J Obstet Gynecol, vol. 
191, no. 4, pp. 1446–1451, Oct. 2004, 
doi: 10.1016/j.ajog.2004.06.052.

[60]	 G. Gok, C. Bal, R. Desdi-
cioglu, A. F. Yavuz, G. Yilmaz, and Ö. 
Erel, “Effects of Maternal Obesity on 
Oxidative Parameters in Maternal and 
Cord Blood Samples,” Cureus, Oct. 
2024, doi: 10.7759/cureus.71303.


