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ABSTRACT ARTICLE HISTORY
To evaluate the predictive role of serum amyloid A (SAA) levels and their association with antipho- Received 18 October 2024
spholipid antibodies (APA) and coagulation markers such as lupus anticoagulants (LA), anti- Accepted 23 February 2025

cardiolipin (ACA), protein C (PC) deficiency, protein S (PS) deficiency, and antithrombin Il (ATIII)
deficiency in recurrent pregnancy loss (RPL). This prospective case-control study comprised two Antiphospholipid syndrome;
groups: the study group (n=288) included women with recurrent pregnancy loss at Mansoura recurrent early pregnancy '
University Hospital between January 2019 and December 2020, and the control group (n=52) loss; serum amyloid A
included women without obstetric or medical complications. Demographic, clinical, and laboratory protein; protein C; protein S
data, including serum samples collected at 10 weeks of gestation, were collected from all partici-

pants. The study measured SAA levels, lupus anticoagulants, anti-cardiolipin, protein C, protein S,

and antithrombin Ill levels. The SAA level was significantly elevated in the recurrent pregnancy loss

group compared to that in the control group. Lupus anticoagulant positive, anti-cardiolipin positive

Immunoglobulin M (IgM), and deficiencies in protein C, protein S, and antithrombin Ill were

significantly observed in patients with RPL (p < 0.05). The SAA levels were significantly elevated in

both LA-positive and ACA-positive IgM patients. The receiver operating characteristic (ROC) curve

analysis demonstrated that at SAA > 24.8 for the prediction of recurrent pregnancy loss, sensitivity

was 98.86%, and specificity was 92.31%. Positive and negative predictive values were 95.6% and

98.0%, respectively. The area under the curve =0.971 (0.927-0.992). SAA is associated with recur-

rent pregnancy loss and may therefore serve as a potential predictor of this condition. The observed

elevation in SAA levels could be primary or secondary to the inflammatory response that promotes

thrombotic activity in RPL patients at risk of APA, Protein S, Protein C, and ATIIl deficiencies.

Implementing SAA screening during pregnancy may facilitate the identification of individuals

who could potentially benefit from novel treatment strategies.
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The Predictive Role of Serum Amyloid A and its
Association with Immunological and Coagulation
Biomarkers in Recurrent Pregbnancy Loss
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Graphical abstract summarizing the predictive role of serum amyloid A and its association

with immunological and coagulation biomarkers in recurrent pregnancy loss

1. Background

The terminology and definitions used for recurrent
miscarriages exhibit considerable variation. The
American Society for Reproductive Medicine (ASRM)
has used the term recurrent pregnancy loss (RPL) and
recommended clinical evaluation after two first-trime-
ster clinical pregnancy losses (specifically, those docu-
mented using ultrasonography or histopathological
examination). However, they recommended a thresh-
old of three or more losses for epidemiological studies
[1], Whereas the European Society of Human
Reproduction and Embryology (ESHRE) from 2017
defined RPL as two or more pregnancies that do not
have to be consecutive [2]. The World Health
Organization (WHO) defines RPL as three or more
consecutive pregnancy losses before the 20" week
of pregnancy [3]. Worldwide, recurrent pregnancy
loss affects 2-3% of pregnant women and is a pre-
valent reproductive concern [4]. Recurrent pregnancy
loss is a complex childbearing issue related to pater-
nal chromosomal abnormalities, autoimmune ill-
nesses, fetal chromosomal reconfiguration, uterine
abnormalities, endocrine impairments, maternal infec-
tions, coagulation, anti-sperm antibodies, and lifestyle
variables [5]. However, the specific reason remains
undetermined for approximately 50% of cases [6,7].
In mammals, serum amyloid A (SAA) plays a crucial
role as an acute-phase protein. The human genome
contains three SAA genes (SAAT, SAA2, and SAA4)
along with a pseudogene (SAA3). SAA1 and SAA2 are
responsible for producing the acute-phase SAA pro-
teins. A-SAA protein has been attributed to four pri-
mary functions [8,9]: (i) Increased A-SAA levels are

required to develop secondary reactive amyloidosis
[10]; (ii) As acute-phase reactant concentrations can
be associated with damaged tissue, A-SAA may moni-
tor activity and treatment response in many inflam-
matory conditions [11]; (iii) A-SAA immediately
interacts with high-density lipoproteins during the
acute phase, limiting its anti-atherogenic effects [12];
(iv) At low concentrations, SAA mediates immunore-
gulatory function, trophoblast invasion, differentia-
tion, and metalloprotease activity within the
placenta [13], whereas, at high levels, disturbances in
these functions occur [14].

Antiphospholipid syndrome (APS) mostly encom-
passes pregnancy issues such as pre-eclampsia,
impaired placental function, stunted fetal develop-
ment, and recurrent pregnancy loss [15]. Most inves-
tigations on antiphospholipid antibodies (APA) have
primarily focused on anti-cardiolipin antibodies (ACA)
and lupus anticoagulants (LA) [16]. Anti-cardiolipin
antibodies (ACAs) cause thrombosis by binding to
phospholipids and preventing the release of gonado-
tropins and placental anticoagulants. The precise
mechanism by which these antibodies produce pla-
cental-associated thrombosis is not fully understood.
However, existing data suggest that these antibodies
can induce local acute inflammatory reactions and
neutrophil infiltration, eventually resulting in fetal
death [17].

Nevertheless, the presence of ACA and LA exhibits
poor concordance [18], indicating that the two anti-
bodies may identify separate epitopes. LA is signifi-
cantly linked to both arterial and venous blood clot
formation. However, it remains unclear whether the



presence of anti-cardiolipin antibodies (ACA) without
LA is linked to blood clot formation [19]. Similarly, a
study found that four serologically detected antipho-
spholipid antibodies, including anti-cardiolipin antibo-
dies, did not alter thrombosis in lupus anticoagulant-
positive patients [20]. In the majority of prospective
studies, individuals who tested positive for ACA and
LA were assembled together [16].

Multiple studies have shown that acquired or her-
editary thrombophilia is associated with RPL [21-23].
Antithrombin Il (ATIII), protein C (PC), and PS deficits
are significant factors contributing to thrombophilia, a
condition linked with an increased likelihood of venous
thromboembolism during gestation [24]. Proteins C
and S are essential plasma proteins that rely on vitamin
K for their function. They play a vital role in the body’s
natural anticoagulant system by specifically deactivat-
ing factors Va and Vllla. Deficiencies in proteins Cand S
are primarily caused by mutations in the respective
genes. These deficiencies can be acquired through
various mechanisms or through the use of certain
medications [25]. This condition demands increased
attention due to hypercoagulability during pregnancy.
Normal pregnancy entails increased procoagulants,
decreased fibrinolysis, and reduced anticoagulants to
preserve placental hemostasis [26].

Previous studies have documented that serum
amyloid A is theoretically a promising marker for RPL
[27,28]. Researchers have suggested that the role of
SAAs may be linked to the placenta, influencing the
initial trophoblast invasion during early pregnancy
and helping maintain equilibrium between pro-
inflammatory and anti-inflammatory cytokines [27].
In addition, some studies have demonstrated the
role of antiphospholipid antibodies and thrombophi-
lia in increasing susceptibility to RPL [16,29-32]. No
previous studies have examined the levels of lupus
anticoagulant-positive, anti-cardiolipin-positive IgM
patients positive, antithrombin, protein C, and protein
S in females with RPL who showed high levels of SAA.
Therefore, we aimed to explore the association
between thrombotic and inflammatory consequences
in females with RPL. This study explored the predic-
tive role of serum amyloid and investigated the
immunological and coagulation biomarkers asso-
ciated with recurrent pregnancy loss at Mansoura
University Hospital.

2, Subjects and methods
2.1. Study design and patients

This case-control study was conducted in the
Obstetrics and Gynecology Department of Mansoura
University Hospital. The study protocol was evaluated
and approved by institutional review board (IRB) of
Mansoura Faculty of Medicine, code number (R/
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18.10.317) on 27 November 2018 in accordance with
the Declaration of Helsinki and a signed informed
consent was obtained from all patients participating
in the study.

2.1.1. Eligibility criteria
This study included women who presented with
recurrent pregnancy loss (3 or more consecutive
pregnancy losses prior to 20 weeks from the last
menstrual period) between January 2019 and
December 2020. The case group included women
with RPL who had no history of substance addiction
or other medical conditions. Females attending the
outpatient clinic during the first trimester of preg-
nancy with no antenatal care medical or obstetrical
issues were included as controls. Their age ranged
from 20 to 38years (mean + 28years). During the
initial stage of screening, women who had pre-
viously experienced any renal, rheumatic, digestive,
endocrine, or nutritional diseases, including malnu-
trition, as well as those who had undergone surgery,
blood transfusion, or blood donation within the past
six months, patients with systemic lupus erythema-
tosus (SLE), pre-eclampsia, uterine abnormalities,
blood group incompatibilities, and uncontrolled
Diabetes Mellitus (DM)/gestational diabetes were
excluded. Similarly, those with hypertension (systolic
pressure =150 mmHg and/or diastolic pressure
>95 mmHg) were also excluded from the study.
The data of the examined patients, including age,
body mass index (BMI), parity, number of abortions,
gestational age at delivery, and delivery style, were
accurately documented.

2.1.2. Study sample

The necessary sample size was determined based on
the lack of information regarding the level of serum
Amyloid A in females with RPI. Thus, the prevalence of
antithrombin Ill, PS, and PC deficiency in females with
RPL was used for sample calculation.

n=px(1-p)x(z/e)}

Where n is the sample size required for a large
population; p is the proportion of cases with antith-
rombin lll, PC, or PS deficiency; z is the confidence
level, and e is the error margin. p is based on a
previous study showing that the prevalence of
antithrombin 1ll, PC, and PS deficiency in females
with RPL was 2.88%, 3.85%, and 5.77%, respectively,
and 0.0%, 0.9%, and 0.9%, respectively, in the control
group [24]. The value of z was specified as 1.96 for a
95% confidence level (a), and (e) was set at 5%.
Based on these factors, the sample size was deter-
mined to be 43-84, which is sufficient for the present
study. The study comprised 88 participants in the test
group and 52 in the control group.
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2.2, Laboratory data

In the hospital, 5mL of blood was drawn from all
cases by vein puncture at 10 weeks of gestational
age. Sterile tubes were used to collect serum after a
10-minute centrifugation at 3400 rpm and the sam-
ples were then examined using the following
parameters.

2.2.1. Detection of serum amyloid A

SAA levels were measured simultaneously in both
groups using identical microtiter plates supplied
with the Human SAA solid-phase sandwich enzyme-
linked immunosorbent assay kit (BioSource Europe,
Nivelles, Belgium) following the manufacturer’s
instructions. The coefficients of variance across and
within assays were 7.4% and 6.1%, respectively, with a
sensitivity of <0.004 ug/mL.

2.2.2. Detection of anticardiolipin anti bodies
(ACA) and lupus anticoagulant

The levels of anti-cardiolipin antibodies were deter-
mined using an enzyme-linked immunoassay kit from
Orgentec Diagnostika (Mainz, Germany). Results are
standardized and quantified using the polyclonal
‘Harris’ standards [33], as described by Loizou et al.
[34], Validated in-house lupus ratio (LR) procedures
were used to detect lupus anticoagulant levels in fresh
plasma samples. Two LR tests were performed: one
using activated partial thromboplastin time (LR-APTT)
and the other using Russell viper venom time (LR-RVVT).
LR tests were conducted by combining the patient
plasma and pooled normal plasma in a 1:1 ratio. Two
coagulation times were measured for each LR test: one
using a low-phospholipid reagent, and the other using a
high-phospholipid reagent. The ratio between the coa-
gulation times at low and high phospholipid concentra-
tions was divided by the corresponding ratio obtained
from the pooled normal plasma. Based on the method
described earlier, the final ratio was determined as the
LR of the patient’s plasma [35].

2.2.3. Determining antithrombin Ill (ATIll), protein
C (PC), or PS deficiencies

Antithrombin [l activity was measured using the chro-
mogenic substrate S-2765 (Chromogenix) in a micro-
plate system [36]. The testing was conducted in
accordance with the manufacturer's specifications
[32]. The protein C (PC) or PS samples were fed into
the coagulation enzyme-linked immunosorbent assay
(ELISA) ASEKULISA analyzer. The AESKULISA utilizes
microplates coated with a capture antibody that spe-
cifically binds to human protein C or S. The relative
percent concentration of Protein C and S antigen in
plasma may be calculated by using the standard curve
derived from the Reference Plasma included in the kit
in accordance with the manufacturer’s guidelines [25].

2.3. Statistical analysis

Data were analyzed using SPSS (version 24.0; IBM,
Armonk, NY, USA) and MedCalc® Statistical Software
version 20 (MedCalc Software Ltd, Ostend, Belgium).
The Kolmogorov-Smirnov test was used to assess the
normal distribution of the numerical data. A p-value
greater than 0.050 indicates that the data are nor-
mally distributed. As the data were not normally dis-
tributed, the results were reported as the median and
interquartile range (IQR) using the Mann-Whitney
U test. Qualitative nominal data were expressed as
frequency (%), and Fisher's exact tests were applied
to compare two groups, as in the control group; more
than 20% of cells had expected frequencies of <5. The
receiver operating characteristic (ROC) curve was ana-
lyzed to assess the SAA threshold necessary to differ-
entiate between cases and controls. The area under
the curve was estimated, and the optimal cutoff value
for SAA was determined based on the highest Youden
index (J). The relative risk and 95% confidence interval
were estimated separately for each parameter using
GraphPad software (San Diego, CA, USA).

3. Results

The flow of participants through the present study is
demonstrated in Figure 1. Data from a total of 140
participants (88 for the study group and 52 for the
control group) were included in the final analysis. This
study revealed that among women with recurrent
pregnancy loss compared to the control group, parity
and the number of first-trimester abortions were sig-
nificant factors. However, no statistically significant
differences were found between the groups regarding
other demographic variables (Table 1). The median
SAA was significantly higher in women with recurrent
pregnancy loss than in the control group (p <0.001),
where the median (interquartile range) of SAA in the
RPL group was 38.95(31.20-62.35), while in the con-
trol group was 11.95(10.40-13.48). Lupus anticoagu-
lant, anti-cardiolipin positive IgM, protein C, protein S,
and antithrombin Il deficiencies were reported in
patients with RPL, which was significant (p < 0.05)
compared to the control group (Table 1 and
Figure 2a). The risk of recurrent pregnancy loss is
increased in patients with positive lupus anticoagu-
lant, anti-cardiolipin-positive IgM, protein C, protein S,
and antithrombin Il deficiency, as shown in Table 2.
In the RPL group, SAA levels were significantly ele-
vated in both lupus anticoagulant-positive and anti-
cardiolipin-positive IgM patients (p < 0.05), as shown in
Table 3 and Figures 2b and ¢, respectively. In contrast,
SAA was elevated in RPL patients with protein C, protein
S, or antithrombin Ill deficiency, which was not statisti-
cally significant (p > 0.05) (Table 3, Figures 2d-f). The
ROC curve analysis linking SAA and recurrent pregnancy
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Figure 1. Flowchart of the study.

Table 1. Comparison of women with and without with or without recurrent pregnancy loss.

Study group

Control group

N =288 N=52 P value
Age Median (Interquartile range) 28 (24.75-30.00) years 27 (21.75-34.75) years 0.91
No of pregnancy Median (Interquartile range) 5 (4.00-7.00) 2 (1.00-3.00) <0.001%**
No of delivery Median (Interquartile range) 1 (0-2.00) 1 (0-2.25) 0.34
No of first trimester abortions Median (Interquartile range) 3 (3-4) 0 <0.001%**
Serum amyloid A (ug/ml) Median (Interquartile range) 38.95 11.95 <0.007***

(31.20-62.35) (10.40-13.48)

Lupus anticoagulant antibodies 16 (18.2%) 0 0.001AAA
Anti-cardiolipin antibodies 12 (13.6%) 0 0.005ANA
Protein C deficiency 8 (9.1%) 0 0.022A
Protein S deficiency 11 (12.5%) 0 0.007AN
Antithrombin Il deficiency 12 (13.6%) 0 0.003AA

For numerical data, median and interquartile range (IQR) using the Mann-Whitney U test was applied, p <0.05% 0.01**,0.001*** is statistically

significant.

The qualitative nominal data were expressed as frequency (%), and Fisher's exact tests were applied; p < 0.05A, 0.01AA,0.001AAA s statistically

significant.

loss (Table 4 and Figure 3) showed that at SAA > 24.8 for
the prediction of recurrent pregnancy loss, the sensitiv-
ity was 98.86% (93.8-100.0%), and the specificity was
92.31% (81.5-97.9%). The positive predictive value was
95.6% (89.5-98.2%), while the negative predictive value
was 98.0% (87.2-99.7%). The area under the curve =
0.971 (0.927-0.992).

4. Discussion

SAA is an acute-phase protein that is induced upon
exposure to injury, inflammation, or infection [13]. Its
main role depends on the migration of immune cells,
induction of cytokines, and enhancement of phago-
cytosis at the site of inflammation [14]. This study
investigated the relationship between serum amyloid
A level and recurrent pregnancy loss. Another aim of

our study was to explore the link between thrombotic
and inflammatory consequences in females with RPL
by detecting APA, Protein C, Protein S, and ATIII levels.

The current study revealed that serum amyloid A
levels were significantly elevated in the recurrent
pregnancy loss group compared to those in the con-
trol group. In a study conducted in Egypt, serum
amyloid A levels were elevated in women with pri-
mary unexplained recurrent pregnancy loss [37].
Similarly, Ming et al. [38] reported that maternal SAA
was considerably greater among patients with recur-
rent early miscarriages than among normal pregnancy
controls. In addition, a relatively valuable study docu-
mented that SAA plays a role in preterm labor, as it
reported that the level of SAA was elevated in animals
with preterm delivery [39]. In agreement with these
findings, some authors have found that excessive
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Figure 2. Serum Amyloid A (SAA) levels. a)saa in females with RPL (88 cases) and control group (52 cases); b) SAA in females with RPL
(88 cases) with positive lupus anticoagulant (16 cases) and negative lupus anticoagulant (72 cases); ¢) SAA in females with RPL (88
cases) with positive anti-cardiolipin antibodies (12 cases) and negative (76 cases); d) SAA in females with RPL (88 cases) with protein C
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cases); f) SAA in females with RPL (88 cases) with antithrombin Ill deficiency (12 cases) and negative (76 cases).

Table 2. Relative risk &95% interval for immunological markers between women with or without recurrent pregnancy loss.

Relative Risk
Risk Factor (95% Cl) p-value
Lupus anticoagulant antibodies 1.72 (1.37-2.93) 0.0005%**
Anti-cardiolipin antibodies 1.68 (1.26-3.37) 0.0037**
Protein C deficiency 1.65 (1.10-3.79) 0.0257*
Protein S deficiency 1.68 (1.23-3.86) 0.0070%*
Antithrombin IIl deficiency 1.68 (1.26-3.37) 0.0037**

p < 0.05%, 0.01**, 0.001*** is statistically significant.

amounts of SAA in the umbilical cord blood are linked
to the development of very early neonatal infections
among preterm infants [40,41]. Some studies have
reported that serum amyloid A is produced by
human fetal membranes. These studies also con-
cluded that the factors responsible for the initiation

of parturition induce SAA production [42,43]. Fetal
membrane rupture is evoked by pro-inflammatory
cytokines that are also responsible for the production
of prostaglandin E2 (PGE2), interleukin 6 (IL-6), and
interleukin 1B (IL-1B) [44]. Li et al. study stated that
serum amyloid A was detected by the
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Table 3. Serum Amyloid A in women with recurrent pregnancy loss.

Serum amyloid A (ug/ml)

Median (Interquartile range)

Positive finding Negative finding P value

Lupus anticoagulant antibodies 65.4 34.35 <0.007***
(64.30-68.73) (29.88-39.93)

Anti-cardiolipin antibodies 64.95 35.50 <0.0071***
(37.68-66.28) (30.13-53.65)

Protein C deficiency 44.60 36.00 0.73 (ns)
(38.20-52.03) (30.20-64.20)

Protein S deficiency 45.50 35.60 0.15 (ns)
(36.70-56.70) (30.15-64.25)

Antithrombin Il deficiency 45.70 37.50 0.44 (ns)

(42.28-56.20)

(30.50-64.28)

p < 0.001*** is statistically significant; ns: non-significant.

Table 4. Serum Amyloid A level is used to distinguish between women with or without recurrent

pregnancy loss.

Estimate 95%

Category 140 -
Patients (Positive group) 88(62.86%) -
Patients (Negative group) 52(37.14%) -
Area under the ROC curve (AUC) 0.971 0.927-0.992
Youden index J 0.91 -
Standard Error 0.015 -
Optimum cutoff level of SAA (ng/ml) >24.8 -
Sensitivity 98.86 93.8-100.0
Specificity 9231 81.5-97.9
+PV 95.6 89.5-98.2
-PV 98.0 87.2-99.7
+LR 12.85 5.0-33.0
-LR 0.012 0.002-0.09
Significance level P (Area=0.5) <0.0001 -

+PV: Positive predictive value; -PV: Negative predictive value; +LR: Positive likelihood ratio; -LR:Negative likelihood ratio;
ROC curve: Receiver operating characteristic curve; AUC: Area Under Curve; SAA: Serum amyloid A.

immunohistochemical staining in the amnion epithe-
lial, chorionic trophoblast, and fibroblast cells. They
demonstrated its role in mitogen-activated protein
kinase (MAPK) and nuclear factor kappa B (NF-kB)

100

80

60

40-

Sensitivity

20 AUC=0.971

p <0.0001

0+ T T T T 1
0 20 40 60 80 100

100 - Specificity

Figure 3. Receiver operating characteristic curve to deter-
mine the ability of serum amyloid a level to discriminate
between women with and without recurrent pregnancy
loss. AUG; area under curve.

pathway activation [42]. Extravillous cytotrophoblast
invasion into the decidua, myometrium, and spiral
arteriole remodelling is crucial for healthy pregnancy.
This process of invasion is mediated by metallopro-
teases that are modulated by different cell types of
SAA [45,46].

Similar to our findings, Sandri et al. indicated that
moderate levels of SAA have a positive impact on
placental formation and function, while excessive
amounts of SAA have a negative impact and disturb
placentation. They found that by using extravillous
trophoblastic (EVT) cells, which were isolated from
the human placenta, SAA at a level of 1 to 10 mg/
mL caused duplication of EVT invasive power in a toll-
like receptor 4(TLR4)-related way; however, at 20 mg/
mL, it resulted in EVT cell invasive process inhibition
[14]. Another crucial role of SAA in achieving success-
ful pregnancy, besides trophoblastic invasion, is main-
taining the balance of anti-and pro-inflammatory
cytokines necessary for preserving fetomaternal toler-
ance and progression of pregnancy. Lin et al. reported
that in pregnancy-related complications like gesta-
tional DM, pre-eclampsia, recurrent early pregnancy
loss, and chorioamnionitis-related preterm labour,
there is a non-specific elevation of maternal plasma
SAA attributed to the inflammatory aspect of these
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comorbidities. They concluded that SAA may not be
considered an optimal biomarker for certain gesta-
tional disorders; however, the different levels of
increase in SAA may indicate the extent of these
comorbidities [47]. SAA may be responsible for the
induction of abortion by impeding syncytialization
and trophoblastic invasion into the decidua.
Similarly, it elicits other pro-inflammatory mediators
such as interleukin-6 and Tumor Necrosis Factor (TNF)
[28,48]. Additionally, it has been demonstrated that
intrauterine growth retardation and pre-eclampsia
both cause failed trophoblastic invasion and induc-
tion of pro-inflammatory mediators [49,50].

Serum amyloid A levels were measured against
other factors that may share the etiology of recurrent
pregnancy loss. In the RPL group, SAA levels were
significantly elevated in both lupus anticoagulant-
positive and anti-cardiolipin-positive IgM patients.
The presence of ACAs and LA, which are two well-
defined antiphospholipid antibodies, has been asso-
ciated with repeated miscarriages during pregnancy
[31,51-53]. The results of our study align closely with
these findings since we observed a considerably
greater level of lupus anticoagulant and anti-cardioli-
pin in the RPL group than in the control group. Anti-
cardiolipin antibodies cause thrombosis by adhering
to phospholipids and preventing the release of pla-
cental anticoagulant proteins and gonadotropins
[54,55]. The precise mechanism of action remains
uncertain; however, it is hypothesized that these anti-
bodies may induce localized inflammatory reactions
and neutrophil infiltration, eventually resulting in fetal
miscarriage [17]. Research conducted on animals has
demonstrated that passive transmission of pure anti-
cardiolipin immunoglobulin G (IgG) may lead to unex-
pected fetal loss [56]; normalization of the levels of
these antibodies during pregnancy reduces the
chances of miscarriage and improves fetal survival
rates [57]. While the prevalence of APS in the general
population is estimated to be between 0.2% and 2%
among pregnant women, the likelihood of subse-
quent miscarriages in these individuals is estimated
to be approximately 10% [58,59]. The primary cause of
this issue is the presence of antiphospholipid antibo-
dies (APAs), acquired autoantibodies that specifically
attack negatively charged phospholipids and phos-
pholipid-binding proteins in these patients [60,61].
Furthermore, along with ACAs, lupus anticoagulants
have exhibited obstetric difficulties in 15-20% of
patients, with a considerably greater rate of RPL,
roughly 50-75%, owing to severe pre-eclampsia and
unexplained intrauterine fetal mortality [53,62].
Clinical experience has revealed that ACAs and LA
are the most prevalent APA antibodies. Experiments
have identified additional target antigens, including
prothrombin, Beta-2 glycoprotein 1(32 GP1), annexin
V, protein S, and protein C [63-65], implying that the

main targets of APAs are not phospholipids but rather
phospholipid-binding proteins and/or phospholipid-
protein complexes. Evidence has shown that
Elevated levels of APAs are correlated with sponta-
neous RPL along with multiple thromboses and
thrombocytopenia [66].

Our research revealed that SAA was elevated in
patients with RPL and protein C, protein S, and antith-
rombin |ll deficiency, which was insignificant.
Regarding the prevalence of protein C, S, and ATIII
deficiencies in the RPL group, our results are consis-
tent with those of previous studies [24-26]. A consid-
erable thrombotic propensity has long been linked to
ATIIl deficiency during pregnancy. However, the link
between miscarriages and stillbirths and genetic ATIII
deficiency has recently been established. Women with
ATIII deficiency and have PC, PS, and PC resistance are
at risk [67]. The term ‘familial thrombophilia’ refers to
inherited thrombotic diseases that arise from particu-
lar genetic abnormalities related to plasma coagula-
tion proteins implicated in the protein C and heparin-
antithrombin 1ll anticoagulant pathways. These
uncommon hereditary conditions are often inherited
as autosomal dominant diseases [32]. The link
between higher fetal loss and familial thrombophilia
was shown by Preston et al. [68]. A deficit in protein S
may result in thromboembolism and subsequent
recurrent abortion [32]. McNamee et al. evaluated 37
expectant mothers with protein C, protein S, and
antithrombin deficiencies. Vitamin K antagonists and
low molecular weight heparin were used to treat
them. There were no miscarriages in the 26 treated
women. On the other hand, 5 out of 11 women, or
45% of the group who did not receive therapy, had
fetal loss [69].

In our study, we hypothesized that increased levels
of SAA in lupus anticoagulant-positive, anticardiolipin-
positive IgM patients positive, and antithrombin, pro-
tein C, and protein S deficiencies could be attributed
to the link between thrombotic and inflammatory
consequences in the RPL group. TNF-g, IL-1(3, and IL-
6, three pro-inflammatory mediators, are primarily
responsible for controlling SAA expression and induc-
tion in the liver [70]. Ames et al.’s earlier research [71]
showed that a significant number of thrombotic
patients with primary antiphospholipid syndrome
(PAPS) have low-grade inflammation, which the illness
itself must bring on. The ‘two hit hypothesis’ states
that while the Antibodies against phospholipid (aPL)
(the first hit) generate a thrombophilic state, clotting
only occurs when a second thrombophilic condition
(the second hit) is present [72]. Antiphospholipid anti-
bodies cause placental tissues and recruit neutrophils
to produce pro-inflammatory cytokines and tissue
factors in obstetrical acute phase syndrome.
Antiphospholipid antibodies further stimulate the
complement system, which in turn causes a positive



feedback loop that draws neutrophils and activates
the placenta. Myometrial contractions and cervical
ripening occur when these cells are activated, leading
to labor induction [73]. According to Ames et al. [71],
patients SAA levels are higher, especially when many
thrombotic episodes occur. Patients with APS had
greater plasma SAA levels than any of the control
groups [74,75].

The relationship between elevated SAA levels and
previous occlusive events remains unclear, as it is
challenging to establish whether these increased
levels are the cause or consequence of such events.
This uncertainty arises from the fact that SAA plays a
role in promoting tissue factor expression on both
monocytes and endothelial cells [76,77].
Consequently, assessing their efficacy as indicators of
thrombotic vulnerability in PAPS can only be per-
formed in relation to re-thrombosis, as the majority
of PAPS subjects will be taking oral anticoagulants
following their first occlusive episode [71].

4.1. Clinical implementation

The link between maternal SAA levels and APA,
Protein S, Protein C, and ATIIl deficiency in patients
with RPL has not been thoroughly investigated. The
correlation between elevated maternal blood SAA
levels and RPL may prompt more investigation into
the potential use of detecting this protein as a bio-
marker for recurrent spontaneous miscarriage, espe-
cially if the patient proved to have positive associated
thrombotic or APA markers. The implementation of
SAA screening during pregnancy would allow for the
identification of individuals who might potentially
benefit from novel treatment strategies such as gene
therapy and antagonists of immune receptors.

4.1.1. Limitation of the study

Due to the cross-sectional design of the research, it is
not possible to determine whether higher SAA levels
are the cause or result of past occlusive events. One of
the limitations of our study is that we did not perform
SAA in females with RPL in the non-pregnant state.
Further studies are needed to compare SAA levels
among females with a history of primary unexplained
RPL during pregnancy and non-pregnancy states, as
well as before and after spontaneous abortion.

5. Conclusion

The current study observed elevated SAA levels in
females with RPL. This might be either a main effect
or a consequence of the inflammatory response that
promotes thrombotic activity in patients with RPL. In
addition, we observed increased levels of SAA in RPL
females with positive APA or with Protein S, Protein C,
and ATIIl deficiency, suggesting that the increased
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level of SAA in these patients could be attributed to
the link between thrombotic and inflammatory con-
sequences. Further studies are required to confirm
this relationship and investigate its significance.
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