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ABSTRACT
Objective: The relationship between placental location in pregnancies without previa and adverse 
pregnancy outcomes has not been well studied. Additionally, the impact of abnormal cord 
insertion sites remains controversial. Therefore, the objective of this study was to explore the 
adverse outcomes associated with placental location and abnormal cord insertion in nulliparous 
women and to assess their impact on pregnancy outcomes.
Methods:  This retrospective cohort study was conducted at a single tertiary hospital between 
January 2019 and June 2022. The study included nulliparous women with singleton pregnancies 
who delivered live infants and had available data on placental location and umbilical cord 
insertion site from a second- or third-trimester ultrasound. Placental location was categorized as 
anterior or posterior using transabdominal ultrasonography. The association between placental 
location/cord insertion site and pre-eclampsia was evaluated using multivariate logistic regression 
analysis. We compared the area under the curve to evaluate the impact of placental location and 
cord insertion site on pre-eclampsia.
Results:  A total of 2219 pregnancies were included in the study. Pre-eclampsia occurred 
significantly more frequently in the anterior group than in the posterior group (8.21% vs. 3.04%, 
p < .001). In multivariate analysis investigating the association between placental location and 
pre-eclampsia, anterior placenta and marginal cord insertion showed increased odds ratios for 
pre-eclampsia of 3.05 (95% confidence interval [CI] 1.68–6.58) and 3.64 (95% CI 1.90–6.97), 
respectively. Receiver operating characteristic (ROC) curves were constructed to predict 
pre-eclampsia using independent factors from multivariate analyses. Model I, including maternal 
age, pre-pregnancy body mass index, in vitro fertilization, chronic hypertension, overt diabetes, 
kidney disease, and hematologic diseases, achieved an area under the ROC curve of 0.70 (95% CI 
0.65–0.75). Adding cord insertion site and placental location to the model (Model II) improved its 
predictive performance, resulting in an area under the ROC curve of 0.749 (95% CI 0.70–0.79, 
p = .02).
Conclusions:  Anterior placenta and marginal cord insertion were associated with an increased 
risk of pre-eclampsia. Further studies on prospective cohorts are necessary to validate these 
findings.

Introduction 

Both the placenta and umbilical cord are temporary 
organs, but they play key roles in fetal health sup-
port, which can have lifelong consequences [1,2]. The 
placenta not only functions as an endocrine organ 
and natural immunological barrier but also facilitates 
the exchange of multiple gases, nutrients, and waste 
products between the mother and developing fetus 

[3–5]. Therefore, abnormal placental development has 
been associated with significant obstetric complica-
tions, such as pre-eclampsia, gestational diabetes 
mellitus (GDM), fetal growth restriction (FGR), recur-
rent miscarriage, and preterm birth [6,7]. Pregnancies 
with placenta previa are reportedly associated with 
poor obstetric outcomes, including massive bleeding, 
placenta accreta syndrome, preterm labor, or FGR 
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[8–10]. In a previous study on placenta previa, ante-
rior placental location was suggested as a risk factor 
for maternal vascular malperfusion lesions, which is a 
marker of placental insufficiency [10]. However, only 
a few studies have investigated the association 
between the placental location and perinatal out-
comes in pregnant women without previa [11–13]. 
The condition within the uterus may differ depending 
on its location, potentially affecting the placenta that 
is implanted in the uterus. Hence, placental positions 
other than previa could also be associated with preg-
nancy outcomes. In addition, there is no clear evi-
dence whether marginal cord insertion is associated 
with adverse perinatal outcomes, although some 
studies have suggested an increased risk of FGR, 
postpartum bleeding, or preterm birth [14–16]. 
Therefore, this study aimed to investigate whether 
the position of the placenta and umbilical cord in 
nulliparous women is associated with adverse preg-
nancy outcomes, including pre-eclampsia.

Methods

This retrospective cohort study included women who 
delivered live infants after 24-week gestation between 
January 2019 and June 2022 at a single tertiary hospi-
tal. Nulliparous women with singleton pregnancies 
with available data on placental location and cord 
insertion sites from second- or third-trimester ultra-
sound scans were included. Baseline information, 
including age, gravidity, parity, body mass index (BMI), 
medical and obstetric histories, delivery details, and 
neonatal outcomes, was obtained by reviewing medi-
cal records. Underlying diseases, such as diabetes mel-
litus; chronic hypertension; rheumatologic diseases, 
including systemic lupus erythematosus (SLE) and anti-
phospholipid syndrome (APS); kidney diseases, includ-
ing immunoglobulin A nephropathy, chronic kidney 
disease, and glomerulonephritis; and hematologic dis-
eases, such as aplastic anemia, immune thrombocyto-
penia, or chronic myeloid leukemia, were evaluated. 
All pregnant women with SLE or APS were adminis-
tered low-dose aspirin and low molecular weight hep-
arin during pregnancy to prevent pre-eclampsia.

The placental locations were determined as anterior, 
posterior, lateral, and fundal using transabdominal 
sonography. For the anterior or posterior placenta, the 
majority were positioned entirely on the anterior or 
posterior. However, if not, they were included in the 
respective category if positioned on more than 
two-thirds. A fundal placenta indicated an even distri-
bution across the top of the anterior and posterior 
walls of the uterus. Placentas with more than two-thirds 

on one side of the middle were classified as lateral. For 
the study, women were divided into anterior and pos-
terior groups, and patients with placentas located in 
the fundal or lateral positions were excluded from the 
study. Additional exclusion criteria were placenta pre-
via, low-lying placenta (<20 mm between the placenta 
and the internal os of the cervix), vasa previa, or insuf-
ficient information about the placenta. Cord insertion 
was classified as normal, marginal (<2 cm from the pla-
cental edge), or velamentous (inserted into the fetal 
membranes before reaching the placental disc). In all 
cases of suspected marginal or velamentous cord 
insertion on ultrasonography, the final postpartum 
diagnosis of cord insertion was performed and 
recorded by the attending physician and pathologists.

Adverse pregnancy outcomes included gestational 
hypertension, pre-eclampsia, placental abruption, 
preterm premature rupture of membrane (PPROM), 
spontaneous preterm delivery (SPD), GDM, and postpar-
tum hemorrhage. Neonatal outcomes of interest were 
evaluated as follows: 5-min Apgar score <7, admission 
to the neonatal intensive care unit (NICU) within 48 h 
after birth, respiratory distress syndrome (RDS), need for 
a mechanical ventilator, and small for gestational age 
(SGA). In accordance with the American College of 
Obstetricians and Gynecologists’ Hypertension in 
Pregnancy Task Force guidelines as a new-onset eleva-
tion in blood pressure >140/90 mmHg and proteinuria, 
or in the absence of proteinuria, new-onset hyperten-
sion in conjunction with any of the following: thrombo-
cytopenia, renal insufficiency, impaired liver function, 
pulmonary edema, or persistent neurologic symptoms 
[17]. Pre-eclampsia included eclampsia and hemolysis, 
elevated liver enzymes, and low platelet count (HELLP) 
syndrome. SPD was defined as delivery at 24 0/7 to 36 
6/7 weeks of gestation resulting from preterm labor. 
SGA was defined as a birth weight below the 10th per-
centile for a given gestational age based on the refer-
ence population [18]. Postpartum hemorrhage was 
defined as a cumulative blood loss of ≥1000 ml or blood 
loss accompanied by signs or symptoms of hypovole-
mia within 24 h after birth [19].

Statistical analyses

Analysis was performed using the Wilcoxon rank-sum 
test for nonparametric continuous variables. The 
chi-square test and Fisher’s exact test were used for 
categorical variables, where appropriate. After compar-
ing adverse obstetric outcomes according to the loca-
tion of the placenta, the association between placental 
location, including the cord insertion site, and 
pre-eclampsia, which showed a significant difference 
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between the two groups, was analyzed by logistic 
regression analysis. The independent variables that 
were significant in the univariate analysis were included 
in the multivariate logistic regression analysis for 
pre-eclampsia. Model I evaluated pre-pregnancy 
maternal factors only, while Model II also included 
information about placenta and cord locations. The 
receiver operating characteristic (ROC) curves of the 
two models were evaluated using independent factors. 
Statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS Institute Inc., Cary, NC, USA). 
Statistical significance was set at p < .05.

Results

A total of 2219 pregnancies were included in this 
study, with 1133 (51.1%) patients having an anterior 
placenta and 1086 (48.9%) patients having a posterior 
placenta (Figure 1). The baseline characteristics of the 
two study groups are presented in Table 1. There were 
no statistically significant differences between the 
groups in maternal characteristics, except for 
pre-pregnancy BMI (21.5 ± 3.28 vs. 21.1 ± 3.05, p = .01). 
Pre-eclampsia occurred significantly more frequently in 
the anterior group than in the posterior group (8.21% 
vs. 3.04%, p < .001). Marginal and velamentous cord 
insertions occurred in 4.32% and 0.59% of cases, 
respectively. Regarding the cord insertion site, no sig-
nificant differences were observed between the ante-
rior and posterior placental groups (p = .568). The 
maternal outcomes of gestational hypertension, 
 placental abruption, PPROM, SPD, GDM, and postpar-
tum hemorrhage and neonatal outcomes, including 
birth weight, placental weight, NICU admission, RDS, 
mechanical ventilation, and SGA, were not significantly 
different between the two groups (Table 2).

Associations between pre-pregnancy maternal 
factors with or without placental factors and 
pre-eclampsia

In the univariate analysis, the pre-pregnancy maternal 
factors of maternal age, pre-pregnancy BMI, in vitro 
fertilization (IVF), diabetes, chronic hypertension, kid-
ney disease, and hematologic disease showed signifi-
cantly increased odds ratios for pre-eclampsia (Table 3). 
Anterior placenta location and marginal cord insertion 
also showed increased odds ratios for pre-eclampsia. In 
Model I, which evaluated pre-pregnancy maternal fac-
tors, pre-pregnancy BMI, IVF, chronic hypertension, and 
kidney disease were significantly associated with 
pre-eclampsia. In Model II, which evaluated 
pre-pregnancy maternal factors in addition to informa-
tion about the placenta and cord, anterior placental 
location, and marginal cord insertion were associated 
with pre-eclampsia (adjusted odds ratio [aOR] 3.05, 
95% confidence interval [CI] 1.68–6.58 and aOR 3.64, 
95% CI 1.90–6.97, respectively).

The ROC curves for the prediction of pre-eclampsia, 
using independent factors in Model I and II, are pre-
sented in Figure 2. Model I achieved an area under the 
ROC curve of 0.700 (95% CI 0.65–0.75). However, the 
addition of placental location and cord insertion site 
to Model II improved its predictive performance, yield-
ing an area under the ROC curve of 0.749 compared 
to that of Model I (95% CI 0.70–0.79, p = .02).

Discussion

In this study, nulliparous women with an anterior pla-
centa were associated with pre-eclampsia compared to 
those with a posterior placenta. Additionally, marginal 
cord insertion was significantly correlated with a higher 

Figure 1. flow diagram of the study.
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risk of pre-eclampsia. The classification of placental 
location lacks standardization, but it is often divided 
into anterior, posterior, fundal, and lateral positions. 

Several authors have suggested an increased risk of 
pre-eclampsia associated with a lateral placenta, 
potentially attributed to a higher mean uterine artery 
pulsatility index and ipsilateral blood supply to the lat-
eral uterine wall. However, these studies merely cate-
gorized the placenta into lateral and non-lateral groups 
(central group); including anterior, posterior, and fun-
dal positions. Moreover, the sample sizes of the studies 
were relatively small (<500), and the reported percent-
ages of the lateral placenta location varied significantly 
among different studies. For instance, Kakkara et  al. 
categorized 56% of 150 samples into the lateral group 
and 44% into the non-lateral group, while Salma et  al. 
reported that 11.4% were in the lateral position [20–
22]. However, in a recent large-scale population-based 
cohort study, over 10,000 participants were catego-
rized into lateral and central groups, with approxi-
mately 5.6% in the lateral group. Interestingly, this 
study found no association between the lateral placen-
tal location and pre-eclampsia [23]. Additionally, sev-
eral other studies have presented findings indicating 
no significant relationship between a lateral placenta 
and pre-eclampsia [24,25]. Therefore, we propose that 
understanding the correlation between pre-eclampsia 
and a lateral placental position would be more mean-
ingful by considering data from previous large-scale 
studies with similar proportions of lateral locations.

In a previous large population-based cohort study, 
the majority of placental positions were either anterior 
or posterior; 47.8% of women had an anterior placenta 
and 46.4% had a posterior placenta [11]. The distribu-
tion of placental locations observed in our study was 
similar to the previous findings. The structure and 
environment vary at different locations within the 
uterus. The implantation and development of the pla-
centa within the uterus can be influenced by its spe-
cific location. Several hypotheses have been proposed 
to explain the association between an anterior pla-
centa and the increased risk of pre-eclampsia. One 
hypothesis suggests that the anterior wall of the uterus 
may be slightly thinner than the posterior wall during 
the first and second trimesters of pregnancy. 
Consequently, there is a potential relative disadvan-
tage in the invasion of the spiral arteries when the 
placenta is implanted into this thinner wall [26,27]. 
However, acknowledging that the observed difference 
in thickness is typically minimal and may not have sig-
nificant clinical implications is important. Another 
plausible explanation is that an anterior placenta is 
more exposed to external forces compared to a poste-
rior placenta. Acar et  al. reported a higher risk of pla-
cental abruption among pregnant drivers with an 
anterior placenta than among those with other 

Table 1. Baseline characteristics according to placental location.
anterior Posterior p Value

n = 1133 n = 1086
Maternal age (years), 

mean ± Sd
33.78 ± 4.00 33.66 ± 3.81 .873

Pre-pregnancy BMi 
(kg/m2), mean ± Sd

21.49 ± 3.28 21.12 ± 3.05 .012*

Smoking 8 (0.71%) 4 (0.37%) .278
In vitro fertilization 142 (12.53%) 110 (10.13%) .074
overt diabetes 

mellitus
12 (1.06%) 9 (0.83%) .575

chronic hypertension 7 (0.62%) 6 (0.55%) .84
rheumatologic 

diseasea
10 (0.88%) 10 (0.92%) .924

Kidney diseaseb 4 (0.35%) 4 (0.37%) 1
hematologic diseasec 4 (0.35%) 5 (0.46%) .749
cord insertion site .568
 central 1072 (94.62%) 1038 (95.58%)
 Marginal 54 (4.77%) 42 (3.87%)
 Velamentous 7 (0.62%) 6 (0.55%)

BMi: body mass index; Sd: standard deviation.  *p < .05 was considered 
statistically significant.
arheumatologic disease, including systemic lupus erythematosus and anti-
phospholipid syndrome.
bKidney disease, including chronic kidney disease, iga nephropathy, and 
glomerulonephritis.
chematologic disease, including aplastic anemia, immune thrombocytope-
nia, and chronic myeloid leukemia.

Table 2. Pregnancy and neonatal outcomes according to 
placental location.

anterior Posterior p Value

n = 1133 n = 1086
Gestational age (weeks), 

mean ± Sd
38.0 ± 2.25 38.1 ± 2.40 .326

Mode of delivery
 Vaginal 714 (63.0%) 697 (64.2%) .57
 cesarean section 419 (37.0%) 389 (35.8%)
fetal presentation .67
 cephalic 1028 (90.7%) 996 (91.7%)
 Breech 102 (9.00%) 88 (8.10%)
 Transverse 3 (0.26%) 2 (0.18%)
Birth weight (g), 

mean ± Sd
2973.3 ± 554.7 2982.5 ± 561.8 .842

Placenta weight (g), 
mean ± Sd

649.6 ± 139.2 660.6 ± 142.3 .115

Pregnancy-induced 
hypertension

14 (1.24%) 6 (0.55%) .089

Pre-eclampsia 93 (8.21%) 33 (3.04%) <.0001*
Placenta abruption 8 (0.71%) 2 (0.18%) .109
PProM 52 (4.59%) 41 (3.78%) .339
Spontaneous preterm 

delivery
24 (2.12%) 29 (2.67%) .395

GdM 77 (6.80%) 71 (6.54%) .807
Postpartum hemorrhage 53 (4.68%) 41 (3.78%) .291
apgar score <7 at 5 min 52 (4.59%) 64 (5.90%) .168
nicu admission 215 (19.0%) 205 (18.9%) .953
rdS 58 (5.12%) 67 (6.17%) .283
Ventilator 66 (5.83%) 78 (7.18%) .195
SGa 50 (4.41%) 48 (4.42%) .994
Sex (female) 588 (51.9%) 556 (51.2%) .742

Sd: standard deviation; PProM: preterm premature rupture of membrane; 
GdM: gestational diabetes mellitus; nicu: neonatal intensive care unit; rdS: 
respiratory distress syndrome; SGa: small for gestational age.  *p < .05 was 
considered statistically significant.
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placental positions [28]. This suggests that an anterior 
placenta, which is exposed to relatively continuous 
external influences, may experience weaker implanta-
tion in the uterine wall. Moreover, an additional 
hypothesis from placenta migration theory suggests 
that during pregnancy, the anterior low-lying placenta 
may migrate more rapidly and extensively toward the 
fundus compared to the posterior low-lying placenta. 
In this theory, the concept of dynamic placentation is 
proposed, where the anterior uterine wall undergoes 
more substantial expansion than the posterior wall 
during the uterus growth [29]. Therefore, the dynamic 
changes experienced by the anterior wall during preg-
nancy, differing from those of the posterior wall, might 

lead to an unfavorable position relative to the poste-
rior. Any disruption in the remodeling process can lead 
to an elevation of uteroplacental vascular resistance, 
resulting in diminished blood flow to the placenta and 
subsequent consequences, including coagulation acti-
vation, endothelial cell dysfunction, placental throm-
bosis, and fibrin deposits, ultimately causing placental 
insufficiency. [30]. However, additional research and 
comprehensive investigations are essential to validate 
and refine these hypotheses.

Previous studies have not shown a significant asso-
ciation between abnormal cord insertion and 
pre-eclampsia, and recent meta-analyses have sug-
gested that marginal and velamentous cord insertions 
are linked to a higher risk of pre-eclampsia [31–34]. In 
this study, we specifically found that a marginal cord 
insertion was associated with an increased risk of 
developing pre-eclampsia. Velamentous cord insertion 
can lead to blood vessels that lack the protective 
properties of Wharton’s jelly, which may be associated 
with several adverse perinatal outcomes [35]. In our 
study, we found no significant association between 
velamentous cord insertion and pre-eclampsia. This 
lack of association could be attributed to the low inci-
dence of velamentous cord insertion in our study 
sample. However, although not included in the table, 
the velamentous cord insertion group showed a sta-
tistically significantly higher incidence of PPROM when 
compared to the central cord insertion group (3.64% 
vs. 23.08%, p = .03) consistent with findings observed 
in other previous studies [14,32].

This study had several limitations. First, it was a ret-
rospective study conducted at a single tertiary hospital, 
which limits the generalizability of the findings to a 
broader population. Additionally, the absence of a stan-
dardized classification system for placental location may 

Table 3. univariate and multivariate logistic regression for prediction of pre-eclampsia.
univariate analysis Multivariate analysis (Model i) Multivariate analysis (Model ii)

or 95% ci p Value or 95% ci p Value or 95% ci p Value
Maternal age 1.08 (1.03–1.13) .002* 1.05 (1.0–1.10) .06 1.05 (1.00–1.10) .07
Pre-pregnancy BMi 1.19 (1.13–1.24) <.0001* 1.15 (1.10–1.21) <.0001* 1.15 (1.09–1.21) <.0001*
Smoking (yes vs. no) 1.53 (0.20–12.0) .68
In vitro fertilization (yes vs. no) 2.13 (1.33–3.41) .002* 1.86 (1.11–3.11) .019* 1.76 (1.04–3.00) .036*
overt dM (yes vs. no) 5.44 (1.96–15.12) .001* 2.26 (0.71–7.24) .17 2.34 (0.71–7.74) .16
chronic hypertension (yes vs. no) 10.90 (3.52–34.0) <.0001* 5.76 (1.63–20.36) .007* 6.70 (1.77–25.32) .005*
rheumatologic disease (yes vs. no) 2.00 (0.46–8.74) .36
Kidney disease (yes vs. no) 10.33 (0.02–0.41) .002* 10.50 (2.25–49.09) .003* 12.20 (2.28–65.4) .004*
hematologic disease (yes vs. no) 5.69 (1.14–28.48) .035* 4.89 (0.89–26.77) .07 4.74 (0.82–27.43) .08
cord insertion (marginal vs. central) 3.32 (1.80–6.19) .0002* 3.64 (1.90–6.97) <.0001*
cord insertion (velamentous vs. 

central)
<0.001 <0.001, 

>999.999
.98 <0.001 <0.001, 

>999.999
.98

Placental location (anterior vs. 
posterior)

3.05 (1.99–4.68) <.0001* 3.05 (1.95–4.77) <.0001*

or: odds ratio; ci: confidence interval; BMi: body mass index; dM: diabetes mellitus.  *p < .05 was considered statistically significant.
Model i: adjusted for maternal age, pre-pregnancy BMi, history of smoking, in vitro fertilization, chronic hypertension, overt diabetes mellitus, 
kidney, rheumatologic, and hematologic disorders.
Model ii: Model i + adjusted for cord insertion and placental location.

Figure 2. receiver operating characteristic (roc) curves for 
prediction of pre-eclampsia of the two models.
comparison of area under roc curves of two models showed that the 
addition of placental location and cord insertion site improved its predic-
tive performance: 0.749 (95% ci 0.70–0.79) vs. 0.700 (95% ci 0.65–0.75),  
p = .02.
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have implications for the accuracy and consistency of 
the reported placental positions. Second, the study did 
not analyze the placental pathology that could support 
the relationship between placental location and 
pre-eclampsia, specifically the presence of maternal vas-
cular malperfusion [36,37]. In addition, the study did 
not include predictive markers for pre-eclampsia, such 
as maternal serum pregnancy-associated plasma protein 
A (PAPP-A), placental growth factor (PLGF), and the 
uterine artery pulsatility index. The reason for this is 
that a considerable number of pregnant women opted 
for noninvasive prenatal testing instead of undergoing 
maternal serum PAPP-A measurements, or there were 
missing records of results from other hospitals [38].

However, the strengths of this study include its rel-
atively large sample of women with nulliparous single-
ton pregnancies. This specific inclusion criterion helped 
eliminate the potential influence of multiple pregnan-
cies or prior adverse pregnancy outcome histories. 
After adjusting for confounding variables, anterior pla-
cental location and marginal cord insertion were asso-
ciated with pre-eclampsia.

The specific mechanisms underlying the associa-
tion between placental location and placenta-mediated 
disorders such as pre-eclampsia remain unclear, indi-
cating the need for further research in this area. 
Recent studies have evaluated placental function 
using advanced imaging tools, such as magnetic res-
onance imaging, as well as methods for integrating 
ultrasonographic information about the morphology 
of tissue layers with optical information on blood 
flow to investigate their relationship with pregnancy 
complications [39–42]. These recent advanced tech-
nologies for placental investigation may help identify 
high-risk populations for pre-eclampsia. However, it is 
time-consuming to investigate useful biomarkers and 
ultrasonography markers that are clinically useful and 
cost-effective. Observation of the placental location 
and umbilical cord insertion using antenatal ultra-
sound is a simple, easy method that can be applied 
in low-resource settings. Therefore, it may be worth 
investigating its value in a prospective setting along 
with other parameters.

When placental location and cord insertion site 
were added to the pre-pregnancy risk factors for 
pre-eclampsia, there was a statistical improvement in 
predictive capability, but it did not notably enhance it. 
Since this current investigation is in its early stages, 
altering clinical approaches based on the results of the 
present study is not advisable. This is a development 
study using a retrospective cohort technique that 
requires validation. Further studies, including testing 
for serum markers such as PAPP-A, sFlt-1, or PLGF, may 

be necessary. An essential examination of placental 
pathology is important to substantiate the findings of 
the study, contributing to a better understanding of 
the results and providing insights into potential mech-
anisms or physiological processes. Furthermore, 
high-quality prospective studies could offer more reli-
able effect estimates, free from biases that may pre-
dominate in retrospective studies.

Conclusion

This study showed an association between placental 
location and cord insertion site with pre-eclampsia. 
However, the specific mechanisms underlying the 
association between placental location and 
placenta-mediated disorders remain unclear. This inves-
tigation is preliminary and specific prospective studies 
are needed to further investigate the correlation 
between placental location and pre-eclampsia.
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