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Abstract

Background: Placenta previa-accreta constitutes an increasing clinical problem, whose diagnosis remains challenging in obstetrics.
The current work aimed to assess whether second-trimester serum alpha-fetoprotein (AFP) amounts are altered in pregnant women with
placenta previa-accreta versus control values. Methods: A retrospective chart review was performed for 504 pregnant women treated
between 1 January 2016 and 28 February 2021. This cohort included 105 placenta previa-accreta and 122 placenta previa control cases,
as well as 277 body mass index (BMI)-matched individuals with healthy pregnancy. The multiple of the median (MoM) for AFP was
obtained from clinical records. Results: Markedly elevated MoM for AFP was detected in the placenta previa-accreta group compared
with the placenta previa control and healthy pregnant control groups (both p < 0.001). Serum AFP levels had a significant positive
association with placenta accreta after adjustment for age, BMI, and gestational week at blood collection (β = 0.60; 95% confidence
interval [95% CI]: 0.52, 0.68; p < 0.001). In addition, previous cesarean delivery history (β = 3.41; 95% CI: 2.18, 5.34; p < 0.001)
also had a significant association with placenta accreta. Conclusions: Elevated second-trimester serum AFP had a positive association
with placenta accreta. Such finding suggests a potential role for AFP in detecting pregnancies at high-risk of placenta accreta. This
second-trimester biomarker of AFP may help classify women into the high- and low-risk groups for placenta accreta. In addition, we
have validated a previous history of cesarean section as a risk factor for accreta in patients with placenta previa.
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1. Introduction

Placenta accreta features an abnormal invasion of the
placenta into, but not beyond, the myometrium. Placenta
accreta, a serious obstetric complication, carries significant
risks for the mother and the offspring, including excessive
hemorrhage, serious bleeding, shock, uterine perforation,
secondary infection, and even death [1]. Its incidence cur-
rently shows an increasing trend worldwide [2]. According
to recent reports, placenta accreta affects 0.91% of pregnant
women, which indicates a significant increase from 0.12%
to 0.31% over the past 30 years [3,4]. In addition, invasive
placenta has evolved into an important issue in obstetrics,
killing about 7% of the affected individuals [4].

Severe hemorrhage can be life threatening, and often
a hysterectomy is required [5,6]. Due to substantial mor-
bidity and adverse outcomes related to placenta accreta,
correct prenatal diagnosis before the onset of symptoms
is essential. Obtaining an accurate diagnosis would facil-
itate delivery at a tertiary institution with the help of mul-
tidisciplinary experts, which is crucial for managing pla-
centa accreta. Currently, prenatal diagnosis of placenta acc-
reta is mostly carried out with high-resolution ultrasound
and magnetic resonance imaging (MRI). Despite recent ad-
vances in imaging methods, including the development of
high-resolution ultrasound and MRI, the diagnosis of pla-

centa accreta remains greatly challenging in clinic [7]. In
addition, the diagnostic accuracies of MRI and other imag-
ing tools in placenta accreta remain controversial, as their
sensitivities and specificities range from 33% to 93%, and
71% to 100%, respectively [7–10]. Nevertheless, many pa-
tients may not have an opportunity to receive an antenatal
examination in a high-risk prenatal diagnosis center [11–
13]. Therefore, it is urgent to improve the detection of preg-
nancies that are specifically at high-risk for placenta accreta
with a sensitive and convenient prenatal diagnostic mode.
Various studies have previously assessed the potential risk
factors and predictive markers of some adverse outcomes
[14–16].

Maternal serum markers may help improve prenatal
diagnosis in placenta accreta. Further, an early understand-
ing of the potential risk may contribute to interpretation ac-
curacy for data generated by these imaging tools, thereby
improving pregnancy outcomes. Alpha-fetoprotein (AFP),
an important circulating protein synthesized during human
gestation, represents an excellent biomarker of many ad-
verse pregnancy outcomes, e.g., preeclampsia, placental
abruption, and preterm delivery [17]. However, the asso-
ciation of second-trimester serum AFP levels with placenta
accreta remains unclear. Therefore, we aimed to assess the
association of a second-trimester serum marker (AFP) with
placenta accreta in this study.
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Fig. 1. Study flowchart. BMI, body mass index.

2. Materials and Methods
2.1 Study Design

A retrospective review was carried out at the Obstet-
rics Department of the affiliated hospital of Jining Medi-
cal University over a 5-year period (1 January 2016 to 28
February 2021). A total of 617 participants were enrolled
per the eligibility criteria below prior to screening. Inclu-
sion criteria were as follows: (1) In the placenta previa-
accreta group, pregnant women with prenatal diagnosis of
placenta previa by ultrasound, and subsequently as placenta
accreta by histological assessment according to the Federa-
tion International of Gynecology andObstetrics (FIGO) cri-
teria. (2) In the placenta previa controls (non-adherent pla-
centa previa group), placenta previa was detected by ultra-
sonography, but with no adhesion abnormalities developing
later. (3) Normal pregnant controls group were pregnant
women whose age- and body mass index (BMI)-matched
to placenta accreta and previa (Fig. 1). Exclusion criteria
included: (1) pregnant women with gestational diabetes,
trophoblast tumors, acute or chronic infection, and further
surgical and pregnancy complications; (2) twin/multiple
pregnancy; (3) missing delivery or clinical data; (4) mis-
carriage or stillbirth (Fig. 1). In brief, 504 cases were fi-
nally examined, of which 105 placenta previa-accreta, 122

placenta previa control, and 277 BMI-matched, healthy
pregnant control cases. Pregnancy dating was determined
from the last menstrual period. All pregnant women in the
study were tested for maternal serum AFP levels during the
second trimester, as requested by their attending doctors.
Blood sample collection was performed at pregnancy week
17 of gestation. Multiple of the median (MoM) values for
second-trimester serum AFP were obtained from the labo-
ratory data files of the Affiliated Hospital of Jining Medical
University. Additionally, maternal information, including
maternal demographic, obstetrical, and medical histories,
were retrieved from the data system of medical records.
To protect patient privacy, this report did not include par-
ticipants’ identifiable data. The study had approval from
the Human Ethics Committee of the Affiliated Hospital
of Jining Medical University (Shandong, China) (2023-08-
C001).

2.2 Statistical Analysis

Continuous variates with normal skewed distributions
were presented by mean ± standard deviation and medium
(range), respectively. Categorical variates were presented
as number (frequency or percentage). The χ2 test (categor-
ical variates), one-way ANOVA (normally distributed con-
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Table 1. Baseline characteristics of subjects.

Characteristic
¬ Placenta

previa-accreta
(n = 105)

­ Placenta
previa controls
(n = 122)

® Healthy
pregnant controls

(n = 277)
p# value p* value

Age (years)a 30.83 ± 4.75 30.13 ± 5.21 29.62 ± 4.12
p = (¬–­) = 0.590
p = (¬–®) = 0.036
p = (­–®) = 0.838

0.208

Height (cm)a 162.37 ± 4.41 162.75 ± 4.70 163.10 ± 4.32
p = (¬–­) = 0.547
p = (¬–®) = 0.242
p = (­–®) = 0.845

0.523

BMI (kg/m2)a 28.15 ± 4.33 28.08 ± 4.53 28.12 ± 3.38
p = (¬–­) = 0.889
p = (¬–®) = 0.976
p = (­–®) = 0.825

0.988

Gestational week at
time of blood
sampling (weeks)a

17.10 ± 1.07 17.11 ± 1.05 17.16 ± 0.76
p = (¬–­) = 0.776
p = (¬–®) = 0.032
p = (­–®) = 0.996

0.015

Delivery pregnancy
week (weeks)a

37.63 ± 2.43 36.98 ± 3.25 38.88 ± 1.60
p = (¬–­) = 0.137
p = (¬–®) < 0.001
p = (­–®) < 0.001

<0.001

Neonatal weight (kg)a 3.06 ± 0.60 3.02 ± 0.76 3.35 ± 0.49
p = (¬–­) = 0.931
p = (¬–®) < 0.001
p = (­–®) < 0.001

<0.001

Previous cesarean
section historya

67 (63.81%) 43 (35.25%) 93 (33.57%)
p = (¬–­) < 0.001
p = (¬–®) < 0.001
p = (­–®) = 0.975

<0.001

AFP MoMb 1.49 ± 0.54 0.97 ± 0.52 0.98 ± 0.60
p = (¬–­) < 0.001
p = (¬–®) < 0.001
p = (­–®) = 0.909

<0.001

Vaginal bleedinga 43 (40.95%) 52 (42.62%) 23 (8.30%)
p = (¬–­) = 0.799
p = (¬–®) < 0.001
p = (­–®) < 0.001

<0.001

Blood transfusiona 34 (32.38%) 13 (10.66%) 3 (1.08%)
p = (¬–­) < 0.001
p = (¬–®) = 0.001
p = (­–®) = 0.909

<0.001

Cesarean hysterectomy
at the time of deliverya

2 (1.90%) 0 (0.00%) 0 (0.00%)
p = (¬–­) = 0.547
p = (¬–®) = 0.075
p = (­–®) = 0.909

0.043

a, normally distributed variates shown as mean ± standard deviation (SD); b, skewedly distributed variates presented as median
(Min-Max); categorical data are shown as number and percentage (n, %); One-way ANOVA (Bonferroni correction) was utilized
for data analysis; p* and p# are among and between groups, respectively; AFP, alpha-fetoprotein; MoM, multiple of the median;
BMI, Body Mass Index. p < 0.015 was deemed to indicate statistical significance.

tinuous variates), or the Kruskal-Wallis H test (skewedly
distributed continuous variates) were performed for anal-
ysis, as applicable. Data analysis utilized R 4.0 (http:
//www.R-project.org, The R Foundation) and Empower-
Stats (http://www.empowerstats.com, X&Y Solutions, Inc,
Boston, MA, USA). Binary logistic regression with single
and multi-categorical predictors was utilized to identify po-
tential risk factors for placenta accreta, determining 95%
confidence intervals (95% CIs). p< 0.05 indicated statisti-
cal significance.

3. Results
3.1 Baseline Clinical Data and Maternal Serum AFP

A total of 504 pregnant women were examined, in-
cluding 105 placenta previa-accreta, 122 placenta previa
control, and 277 BMI-matched healthy pregnant control
cases. Table 1 lists patient features, including clinical his-
tory, demography, and laboratory indexes, as well as MoM
values for AFP, in all three study groups. Similar values
were obtained for age, height, BMI, gestational week at
blood collection, and the rate of cesarean hysterectomy at
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Table 2. Categorical variable logistic linear regression of various variables for their associations with placenta accreta.
Covariate β (95% CI) OR p-value

Age (years) 0.47 (–0.27, 1.22) 1.60 0.211
Weight (kg) 1.10 (–1.05, 3.25) 3.00 0.318
BMI 0.04 (–0.80, 0.87) 1.04 0.931
Gestational week at blood collection (week) –0.04 (–0.23, 0.15) 0.96 0.6858
Pregnancy week at delivery (week) –0.67 (–1.19, –0.15) 0.51 0.0114
Neonatal weight (kg) –0.1 (–0.32, –0.06) 0.90 0.0047
Previous cesarean section 3.41 (2.18, 5.34) 30.26 <0.001
AFP MoM 0.59 (0.51, 0.67) 1.80 <0.001
p < 0.05 reflects statistical significance, bold marks significantp-values; BMI,body mass
index; AFP, alpha-fetoprotein; MoM, multiple of the median; 95% CI, 95% confidence
interval; OR, odds ratio.

Table 3. Associations of serum AFP with placenta accreta in multivariable linear regression.

Variable
Crude Model Adjusted Model

β (95% CI) p-value β (95% CI) p-value

AFP 0.59 (0.51, 0.67) <0.001 0.60 (0.52, 0.68) <0.001
Crude model: binary logistic regression with single- and multi-categorical
predictive factors was utilized to assess potential risk factors for placenta
accreta. Adjusted model: adjustment was made for maternal age, BMI, and
gestational week at blood collection; p < 0.05 reflects statistical signifi-
cance, bold marks significant p-values. AFP, alpha-fetoprotein.

Fig. 2. Levels and distributions of second-trimester serum
AFP in the three groups. Data are median and interquartile
range. ****, p < 0.0001; AFP, alpha-fetoprotein; MoM, multi-
ple of the median; n.s., not significant.

the time of delivery in the three groups. Pregnancy weeks at
delivery were markedly reduced in placenta previa-accreta
and placenta previa control cases compared with healthy
pregnant controls (both p < 0.001, Table 1).

A history of previous cesarean delivery had markedly
elevated rate in the placenta previa-accreta group compared
with healthy pregnant controls and placenta previa controls
(both p < 0.001, Table 1). Vaginal bleeding had remark-
ably elevated incidence rates in placenta previa-accreta and
placenta previa control cases compared with control cases
(both p < 0.001). Blood transfusion showed significantly
increase incidence in placenta previa-accreta cases com-
pared with the healthy pregnant control and placenta previa
control groups (p = 0.001 and p< 0.001, respectively). The
normally distributedMoM for serumAFP was expressed as
median (Min–Max) in Table 1. The MoM for median AFP
in placenta previa-accreta cases was 1.49, which showed a
significant elevation compared with 0.97 and 0.98 in pla-
centa previa controls and in healthy pregnant controls, re-
spectively (both p < 0.001; Table 1; Fig. 2).

3.2 Potential Risk Factors for Placenta Accreta

The univariate analysis of the abovementioned param-
eters and median MoM for AFP is summarized in Table 2.
The results revealed that age, weight, BMI, and gestational
week at blood collection were not associated with placenta
accreta (p > 0.05). Univariate analysis also revealed that a
history of cesarean delivery (β = 3.41; 95% CI: 2.18, 5.34;
p< 0.001) had a positive association with placenta accreta,
while neonatal weight (β = –0.1; 95% CI: –0.32, –0.06;
0.0047) and pregnancy week at delivery (β = –0.67; 95%
CI: –1.19, –0.15; p = 0.0114) had negative associations with
placenta accreta. The MoM for AFP had a positive associa-
tion with placenta accreta. In addition, the number of prior
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cesarean deliveries was positively correlated with placenta
accreta (Supplementary Table 1). Our results also showed
that the number of prior cesarean deliveries was not asso-
ciated with serum AFP levels (Supplementary Table 2).
The median MoM for AFP was further evaluated by mul-
tivariable logistic regression analysis (Table 3). The effect
size (β) and 95% CI for each index are shown in Table 3. In
an unadjusted model, multivariate logistic regression anal-
ysis revealed that elevated serum AFP levels had a signif-
icant positive association with placenta accreta (β = 0.59;
95% CI: 0.51, 0.67; p < 0.001). After adjustment for ma-
ternal age, BMI, and gestational week at blood collection,
elevated serum AFP levels retained its significant positive
association with placenta accreta (β = 0.60; 95% CI: 0.52,
0.68; p < 0.001) (Table 3). This indicates that increased
AFP levels and a history of cesarean section are major pa-
rameters, positively associated with the underlying mecha-
nism of placenta accreta.

4. Discussion
LowAFP is considered an abnormal finding because it

increases the risk of pediatric down syndrome. Currently,
with advances in prenatal screening tests for biochemical
indexes, the association of elevated AFP with poor preg-
nancy outcomes began to be applied in clinical practice
[18,19]. The current study investigated the association of
second-trimester serum AFP levels with placenta accreta.
The results indicated that generally, incremental AFP lev-
els had a significant positive correlation with placenta acc-
reta. In addition, a history of cesarean delivery was sig-
nificantly and positively associated with placenta accreta.
These findings also demonstrate such a positive association
is independent of placenta previa.

Placenta accreta constitutes a serious obstetric disease
with a high-risk of serious maternal complications, such
as uterine perforation, bleeding, severe infection, and even
death [20]. Currently, placenta accreta is diagnosed pre-
natally by MRI and high-resolution ultrasound. The diag-
nostic factors include the occurrence of placental lacunae,
placenta previa with lost hypoechoic retroplacental inter-
face, and hypervascularity of the interface between placenta
and bladder or uterine wall [21,22]. However, the inter-
pretation of the imaging of the above mentioned ultrasonic
instrument s remains controversial. Similar to this work,
previous studies have estimated the amounts of placental
biomarkers in maternal serum might be altered in pregnant
women with prior or high-risk of placental accreta [15,18].
AFP, an important tumor-related fetal protein, is utilized as
a serum fetal defect/tumor biomarker for monitoring dis-
tress or disease progression [23,24], since it is associated
with multiple birth defects, malformations, and congeni-
tal disorders, such as the neural-tube defects [23]. The
MoM for AFP was markedly elevated in placenta previa-
accreta cases, compared with placenta previa control and
normal pregnant control cases, as shown above. In addi-
tion, our results also showed similar serum AFP amounts in

placenta previa control and healthy pregnant control cases,
suggesting placenta previa is not responsible for elevated
serum AFP in pregnant women. Thus, elevated second-
trimester serum AFP in pregnancies with placenta accreta
can probably be explained by increased mother–fetus ex-
change, considering that a damaged endometrium may pro-
mote placenta accreta, and increased maternal–fetal ex-
change may release higher AFP amounts into the maternal
blood [23,25,26]. Furthermore, a previous study showed
that administration of heterologous antibodies against AFP
in pregnant mice caused developmental arrest, congenital
anomalies, and placental lesions [27–29]. Thus, AFP may
be associated with abnormal placental development. In ad-
dition, AFP regulates growth in reproductive, placental, and
lymphatic cells [30]. Elevated AFP levels may promote
proliferation in placental cells, such as placental trophoblas-
tic cells, and may induce abnormal placental invasion into
the myometrium. Therefore, factoring serum AFP into risk
assessment algorithms might help detect women prone to
developing placenta accreta. Moreover, this would allow
placenta accreta patients to receive closer and more refined
monitoring and treatment. Additionally, race is known to
be associated with variations in AFP levels [31]. In the
present study, all the pregnant women examined were from
China, and other races were not involved. As mentioned
below, this is a limitation of this research. Thus, studies ex-
amining the relationship between AFP levels and different
racial-ethnic populations are required.

Cases of placenta previa-accreta spectrum have been
encountered more often because cesarean delivery has been
increasingly applied in the last decades [32]. Inhibition of
contractions, alleviation of anemia, prevention of infection,
and timely termination of pregnancy are the major thera-
peutic principles of placenta previa-accreta [33–36]. Par-
allels have been observed between high placenta accreta
rate, and elevated number of caesarean sections [37,38]. In
agreement, the above data showed that the number of cae-
sarean sections had a positive association with placenta acc-
reta. Multiple trials have previously estimated the risk of
placenta accreta considering the increased number of cae-
sarean section cases, and reported findings that were simi-
lar to ours, suggesting that previous cesarean delivery is the
main factor underlying placenta accreta [32,39,40]. Proba-
ble mechanisms may include the partial pressure of oxygen
in the uterine scar, anomalous trophoblast differentiation,
and altered angiogenesis [41,42].

The current work has several strengths that should be
considered, including the fact that we evaluated the associ-
ations of age, BMI, and gestational week at blood collection
with placenta accreta. Secondly, a placenta previa control
group was included as an additional control group to ex-
clude the effects of placenta previa on the identified associ-
ations. We could therefore show that the identified associa-
tions were not due to placenta previa. Thirdly, we excluded
comorbidities that may influence the serum amounts of var-
ious angiogenic factors.
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Nevertheless, there were several limitations in this
study that must be acknowledged. First, selection bias may
have been introduced because of the small sample size,
which is explained by the rarity of placenta accreta. Sec-
ondly, fetal structural and chromosomal anomalies may af-
fect AFP levels. Because of the small sample size of our
study, we did not adjust confounders of fetal structural and
chromosomal anomalies in this finding. Thirdly, all the
pregnant women analyzed were from China; although this
minimized the influence of confounding factors such as eth-
nic background, whether our results could be generalized to
other ethnic groups remains to be confirmed. Furthermore,
many additional parameters correlating with placenta acc-
reta were unavailable for analysis because of the retrospec-
tive study design.

5. Conclusions
Taken together, increased second-trimester serum

AFP has a significant positive correlation with placenta
accreta. This finding suggests a potential role for second-
trimester serum AFP in detecting pregnant women at high-
risk of developing placenta accreta. Prior cesarean delivery
might increase the risk of placenta accreta. Further stud-
ies involving larger cohorts of prospectively evaluated sub-
jects, and investigating first- and second-trimester maternal
biomarkers are warranted to validate this preliminary study.
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