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Abstract: Objectives: To investigate the role of coagulation indices in assessing the severity of hypertensive disor-
ders in pregnancy (HDP) and their predictive value for delivery outcomes. Methods: A retrospective analysis was
conducted on clinical data from 54 pregnant women with HDP who delivered at Zhoushan Hospital between June
2013 and June 2023. A control group of 42 healthy pregnant women from the same period was also included.
Results: In the HDP group, activated partial thromboplastin time (APTT) and prothrombin time (PT) were significantly
lower, while D-Dimer (D-D) levels were significantly higher compared to the control group (all P < 0.01). Receiver
operating characteristic (ROC) curve analysis showed that the areas under the curve (AUC) for APTT, D-D, PT, and
the combined assay were 0.886, 0.813, 0.830, and 0.960, respectively (all P < 0.001). The combined assay dem-
onstrated higher predictive efficacy for HDP than that of any single assay (all P < 0.05). Furthermore, APTT, D-D, and
PT showed strong correlations with systolic blood pressure and 24-hour urinary protein levels in HDP patients (all P
< 0.001), indicating the corresponding HDP severity. For prediction of adverse birth outcomes (ABO), APTT, D-D, PT,
and the combined test all had high predictive value (all P < 0.01). The incidence of ABO, especially neonatal ABO,
increased significantly when these coagulation indices (except APTT) were at their optimal cut-off points (P < 0.05).
Conclusions: The combined testing of APTT, D-D, and PT provides high predictive efficacy for both HDP and ABO and

is closely associated with the severity of HDP.
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Introduction

Hypertensive disorders in pregnancy (HDP) are
common and serious conditions during preg-
nancy. According to incomplete statistics, the
incidence of HDP in China varies regionally,
typically ranging from 5% to 10% [1]. The pro-
gression of HDP can lead to a range of severe
complications that pose significant risks to
both mother and child. For example, HDP may
advance to pre-eclampsia and eclampsia, char-
acterized by hypertension, proteinuria, and
multi-organ damage, which can threaten mater-
nal health and life [2]. In addition, HDP may
lead to fetal growth restriction, preterm deliv-
ery, and even stillbirth, posing threats to fetal
survival and development [3]. Therefore, tar-
geted management and intervention of HDP,
along with an in-depth study of its pathological
mechanisms, are crucial to reducing HDP-re-
lated complications and ensuring the safety of
both mother and infant.

Recent studies have increasingly focused on
the role of coagulation changes in the patho-
genesis of HDP and its impact on maternal and
infant outcomes. HDP, a condition closely linked
to vascular endothelial dysfunction and im-
mune-inflammatory response, often involves ab-
normal coagulation changes [4]. These changes
include alterations in platelet activity, variations
in plasma concentrations of coagulation fac-
tors, inhibition of the fibrinolytic system, and
decreased levels of anticoagulant factors [5].
These coagulation alterations can lead to a
hypercoagulable state, promoting blood clot
formation and deposition. Furthermore, abnor-
mal coagulation may increase the risk of throm-
boembolism in the mother, raising the likeli-
hood of postpartum hemorrhage and negatively
affecting maternal fertility and postpartum
recovery [6]. Abnormal coagulation can also
impair placental blood supply, leading to fetal
nutrient and oxygen deficiency, thereby impact-
ing fetal growth and development [7]. Un-
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Table 1. Comparison of general clinical information

Factors HDP group (n=54) Normal group (n=42) X2/t P

Age (years old) 27.84 + 4.67 28.44 + 4.74 -0.620 0.536
Gestation period (W) 38.92 +1.13 39.21+1.22 -1.205 0.231
Frequency of pregnancies 2.62+0.43 2.51+0.32 1.386 0.169
Frequency of births 1.32+0.23 1.39+0.31 -1.270 0.207

Note: HDP, hypertensive disorders in pregnancy.

derstanding the changes in coagulation func-
tion in HDP and their impact on maternal
and infant outcomes is essential for clinical
practice.

Currently, while numerous studies focus on
coagulation changes in HDP patients, less
research has been done to address the signifi-
cance of these changes in predicting HDP
severity and delivery outcomes. This study aims
to determine whether changes in coagulation
function in HDP patients can provide a strong
basis for early diagnosis and risk assessment
of HDP, thereby guiding effective treatment and
delivery decisions.

Materials and methods
Selection and grouping of research subjects

A retrospective analysis was conducted on the
clinical data of pregnant women with HDP who
delivered at Zhoushan Hospital between June
2013 and June 2023. This study was approved
by the Ethics Committee of Zhoushan Hospital.

Inclusion criteria: (1) Meeting the diagnostic cri-
teria outlined in the Diagnosis and Management
of Hypertension in Pregnancy: Summary of
Updated NICE Guidance [8]. (2) Gestational age
> 20 weeks and singleton pregnancy. (3) Age
between 18 and 35 years old. (4) Primigravida
without prior treatment interference.

Exclusion criteria: (1) Presence of polycystic
ovary syndrome. (2) Fetal congenital malforma-
tions or chromosomal abnormalities. (3) History
of hypertension, diabetes mellitus, or other car-
diovascular and renal disorders. (4) Presence
of malignant tumors.

A total of 54 pregnant women with HDP were
included in the HDP group, while 42 heal-
thy pregnant women scheduled to deliver at
Zhoushan Hospital during the same period
served as the control group (Table 1). Based on
the severity of the conditions, the HDP group
was further divided into the HDP group only
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(n=31), the pre-eclampsia group (PE, n=17),
and the severe pre-eclampsia group (sPE, n=6).
Meanwhile, the participants were classified
into the good birth outcome (GBO, n=42) and
the adverse birth outcome group (ABO, n=12)
accordingly.

Coagulation function test

Fasting venous blood was collected from
patients, centrifuged to separate the plasma,
and stored at -80°C. Prothrombin time (PT) and
activated partial thromboplastin time (APTT)
levels were measured using a fully automatic
blood coagulation analyzer [9].

Systolic blood pressure (SBP) measurement

SBP levels were measured using a mercury
sphygmomanometer [10]. Three measure-
ments were taken per patient, and the average
was calculated.

24-hour Urine Protein (UPro) detection

All urine voided over a 24-hour period was col-
lected in a clean container, beginning at a set
time in the morning. After thorough mixing, a
sample was taken to measure UPro concentra-
tion using the diuretic method [11].

ABO assessment

Adverse maternal, fetal, and neonatal out-
comes were documented. Maternal ABO includ-
ed eclampsia, HELLP syndrome (hemolysis,
elevated liver enzymes, low platelet count), pla-
cental abruption, microangiopathic hemolysis,
maternal death, and therapeutic induction of
labor [12]. Fetal ABO included fetal growth
restriction, oligohydramnios, and stillbirth. Ne-
onatal ABO included neonatal asphyxia and
death.

Statistical analysis

All experimental data were analyzed using
SPSS 23.0. Sample size determination adhered
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The sample size was calculat-
ed using the following formula
(n: the required sample size;
Za/2: the Z-score at the confi-
dence interval level 1-q; p: the
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The ideal sample size estimat-
ed for this study was 15. The
sample sizes used in this
study exceeded this minimum
requirement. A P-value of <
0.05 was considered statisti-
cally significant.

Results

HDP markedly enhanced the
coagulation function of preg-
nant women

The APTT and PT levels in
pregnant women with HDP

100-Specificity

— APTT were significantly lower than
—— DD those in the normal group,
— PT whereas D-D levels were
----- Combined markedly higher (all P < 0.01,
| I Figure 1).
80 100

Abnormal coagulation indica-
tors effectively predict HDP

Figure 2. ROC curves for APTT, D-D, PT and combined diagnostics to predict

HDP. ROC, receiver operating characteristic; APTT, activated partial thrombo-
plastin time; D-D, D-Dimer; PT, prothrombin time; HDP, hypertensive disor-

ders in pregnancy.

to the inclusion and exclusion criteria, ensuring
the minimum sample size requirement was
met. Continuous data were expressed as mean
+ standard deviation; differences between
groups were analyzed using independent sam-
ples t-tests, while comparisons among multiple
groups were conducted using one-way ANOVA.
Categorical data were expressed as ratios (per-
centages) and compared using Chi-square (X?)
tests. The predictive efficacy of each index was
assessed using receiver operating characteris-
tic (ROC) curves, and correlations between indi-
ces were analyzed using Pearson correlation
coefficients.
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Receiver operating character-
istic (ROC) curve analysis indi-
cated that APTT, D-D, and PT
levels had high predictive effi-
cacy for HDP. The combined diagnostic
approach showed even higher predictive effi-
cacy. Youden’s index identified optimal cut-off
points for predicting HDP: APTT < 28.82 s, D-D
>0.28 mg/L, PT<10.76 s, and combined diag-
nosis > 0.4494 (all P < 0.001, Figure 2 and
Table 2).

Abnormal coagulation indices correlate
strongly with HDP severity

By assessing coagulation parameters, SBP,
and 24-hour UPro in patients with varying HDP
severity, it was observed that APTT and PT
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Table 2. AUC for APTT, D-D, PT and combined diagnostics to pre-

Abnormal coagulation indices

dict HDP effectively predict ABO
Index Cut-off value ~ AUC  Standard error 95% CI Analysis of patients with ABO
APTT <2882s 0.886 0.0352 0.805-0.942 revealed that APTT and PT lev-
D-D >0.28 mg/L 0.813 0.0435 0.721-0.886 els were significantly lower in
PT <10.76s 0.830 0.0431 0.739-0.899 the ABO group compared to
Combined >0.4494  0.960 0.0176 0.899-0.990 the GBO group, whereas D-D
APTT vs. D-D z 1.320 levels were significantly higher
0.187 (all P < 0.01, Figure 5). ROC
APTT vs. PT 7 0.948 curve analysis demonstrated
p 0.343 tﬁ AdP;ghD—D,dgr][q PTfIfeveIs
) all had high predictive efficacy
APTT vs. Combined z 2.683 for ABO. Youden'’s index identi-
P 0.007 fied optimal cut-off points for
D-Dvs. PT z 0.289 predicting ABO: APTT < 26.44
P 0.773 s,D-D>0.4 mg/L, PT<10.1s,
D-D vs. Combined z 3.623 and combined diagnostics >
P 0.0003 0.300 (all P < 0.001, Figure 6
PT vs. Combined z 3.230 and Table 3). Additionally,
P 0.0012 when D-D levels (P < 0.05)

Note: AUC, area under the curve; APTT, activated partial thromboplastin time; D-D,
D-Dimer; PT, prothrombin time; HDP, hypertensive disorders in pregnancy.

exceeded or PT levels (P <
0.05) we-re below the optimal
cut-off points, the incidence of
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Figure 3. Comparison of APTT (A), PT (B), D-D (C), SBP (D), and UPro (E) in
HDP, PE, and sPE groups. **P < 0.01, ***P < 0.001. APTT, Activated Par-
tial Thromboplastin Time; D-D, D-Dimer; PT, Prothrombin Time; SBP, Systolic
blood pressure; UPro, Urine Protein; PE, pre-eclampsia; sPE, severe pre-ec-

lampsia; HDP, hypertensive disorders in pregnancy.

levels were significantly lower in patients with
PE and sPE compared to the HDP group, par-
ticularly in the sPE group. Conversely, D-D, SBP,
and UPro levels were significantly higher (all P <
0.01, Figure 3). Pearson correlation analysis
showed that D-D levels were positively corre-
lated with SBP and UPro, while APTT and PT
were negatively correlated with these parame-
ters (all P < 0.001, Figure 4).
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for diagnosing and monitoring
HDP, existing methods do not
provide sufficient accuracy to
determine the severity of the
condition or the risk of ABO
[14]. Therefore, we for the
first time propose to measure
coagulation parameters, including APTT, PT,
and D-D levels, to improve the accuracy of diag-
nosing HDP severity and predicting labor out-
comes. This study utilized multi-parametric
data, successfully establishing a strong rela-
tionship between these coagulation indices and
the clinical manifestations of HDP. This
approach provides new insights for early diag-
nosis and individualized treatment of HDP,
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Figure 4. Correlation analysis of abnormal coagulation indices and HDP severity. A-C: Pearson correlation between
SBP with D-D (r=0.556, P < 0.001), APTT (r=-0.471, P < 0.001), and PT (r=-0.507, P < 0.001). D-F: Pearson correla-
tion between UPro with D-D (r=0.597, P < 0.001), APTT (r=-0.522, P < 0.001), and PT (r=-0.597, P < 0.001). APTT,
Activated Partial Thromboplastin Time; D-D, D-Dimer; PT, Prothrombin Time; SBP, Systolic blood pressure; UPro,

Urine Protein; HDP, hypertensive disorders in pregnancy.

A 32 _ B 13 —_ C 081 — temic inflammation and im-
7 30 12 ~ 0.6 mune responses, which may
= 28 211 %ﬂ . activate the coagulation sys-
= 26 £ 10 g 0.4 tem [17]. Endothelial damage
< 24 g a 0.2 caused by hypertension can
)y — i 7l ; R 0.0— . further trigger platelet activa-
GBO ABO GBO ABO GBO ABO tion and the coagulation cas-

Figure 5. Comparison of APTT (A), PT (B), and D-D levels (C) in GBO and ABO
groups. **P < 0.01. APTT, Activated Partial Thromboplastin Time; D-D, D-
Dimer; PT, Prothrombin Time; GBO, good birth outcome; ABO, adverse birth

outcomes.

potentially enhancing management efficacy
and reducing the risk of adverse clinical
outcomes.

By comparing coagulation indices in HDP
patients, we found significant enhancement of
coagulation function. Similarly, Shi et al. [15]
analyzed coagulation indices in HDP patients
and observed significantly shorter APTT and PT,
linking enhanced coagulation function to ele-
vated coagulation factors in the plasma. This
may be due to increased blood volume and pro-
gesterone levels during pregnancy, which pro-
mote the production and release of coagulation
factors, leading to enhanced coagulation [16].
In addition, HDP is often associated with sys-
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cade, enhancing coagulation
function [18]. Consequently,
patients with HDP exhibit sig-
nificant enhancement of coag-
ulation function.

ROC curve analysis indicated that the com-
bined diagnostic efficacy of APTT, D-D, and PT
provided a more accurate prediction of HDP
development. APTT reflects the intrinsic coagu-
lation pathway and is indicative of the activity
of factors such as prothrombin, and coagula-
tion factors VIII, IX, and XI. PT assesses the
extrinsic coagulation pathway by measuring
coagulation factor Il activity, while D-D, a fibri-
nolytic product, indicates fibrinolytic activity. In
pregnant women with HDP, increased blood vol-
ume, progesterone effects, and hypertension-
related endothelial damage lead to increased
coagulant activity, resulting in decreased APTT
and PT levels and elevated D-D levels [19, 20].
Therefore, monitoring APTT, PT, and D-D levels
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thrombin Time; ROC, The Receiver Operating Characteristic; ABO, adverse

birth outcomes.

in HDP patients may effectively predict HDP
development. Zhang et al. [21] found that APTT
and PT were significantly negatively correlated
with disease severity in HDP patients, while
D-D showed a positive correlation. The com-
bined indicators demonstrated higher predic-
tive efficacy for pregnancy outcomes than indi-
vidual markers, aligning with our findings.
Another study also identified PT as a potential
predictor of disease severity and adverse preg-
nancy outcomes in HDP patients, consistent
with our results [22].

Additionally, in assessing the correlation be-
tween coagulation indices and the severity of
HDP, we found that patients with sPE exhibited
more pronounced coagulation enhancement.
This is likely due to the progressive increase in
systemic inflammation and immune response
as HDP advances, which can stimulate the
coagulation cascade directly or indirectly, lead-
ing to enhanced coagulation [23, 24]. Fur-
thermore, as HDP severity escalates, patients
may experience increased endothelial damage,
which activates platelets and coagulation cas-
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cade reactions, further en-
hancing coagulation to main-
tain the integrity of damaged
vessels [25]. Severe HDP may
also lead to the release
of more coagulation factors,
which are crucial in the coagu-
lation cascade [21]. Moreover,
HDP can increase fibrin pro-
duction, a key component in
blood clot formation, contrib-
uting to further coagulation
enhancement [26].

We also observed that APTT,
PT, and D-D levels were signifi-
cantly associated with SBP
and 24 h UPro. Elevated UPro
levels, a critical marker of HDP
severity, are linked to struc-
tural and functional altera-
tions in the kidneys caused by

HDP, such as damage to the
glomerular filtration mem-
brane and tubular dysfunction
[27]. Changes in blood levels
of coagulation factors and
fibronectin can further affect
the permeability of the glo-
merular filtration membrane, increasing the
risk of infiltration [28]. The significant associa-
tion of altered coagulation factors with SBP and
UPro highlights the complexity of HDP, aiding in
assessing its severity and providing insights
into treatment strategies.

We also evaluated coagulation indices in
patients with different delivery outcomes to
explore their predictive value. Our results sug-
gest that coagulation abnormalities significant-
ly contribute to ABO in HDP patients. The
enhanced coagulation typically seen in HDP
patients may reduce the risk of bleeding but
increases the risk of thrombosis. This complex
coagulation state can lead to serious complica-
tions during labor, such as obstructed labor or
hemorrhage, posing a threat to maternal health
[5]. Thrombotic events may also lead to embo-
lism of maternal organs, potentially causing
organ dysfunction and further health risks [19].
Coagulation issues may also affect the fetus by
reducing placental blood flow, thereby compro-
mising oxygen and nutrient supply [24]. Un-
derstanding coagulation abnormalities in HDP
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Table 3. AUC for APTT, D-D, PT, and combined d

isorders in pregnancy

iagnostics to predict ABO

Index Cut-off value AUC Standard error 95% ClI
APTT <26.44s 0.913 0.0391 0.804-0.972
D-D > 0.4 mg/L 0.914 0.0388 0.805-0.973
PT <10.1s 0.910 0.0399 0.800-0.971
Combined >0.300 0.940 0.0348 0.841-0.987
APTT vs. D-D z 0.260

P 0.795
APTT vs. PT z 1.096

P 0.273
APTT vs. Combined YA 0.973

P 0.331
D-D vs. PT Z 0.754

P 0.451
D-D vs. Combined Z 0.971

P 0.332
PT vs. Combined Z 1.071

P 0.284

Note: AUC, area under the curve; APTT, activated partial thromboplastin time; D-D, D-Dimer; PT, prothrombin time; ABO, ad-

verse birth outcomes.

Table 4. Correlation of APTT, D-D and PT levels

with ABO

Maternal ABO Fetal ABO Neonatal ABO
Index Group n
N (%) X2 P N (%) X2 P N (%) X2 P

DD >04mg/L 24 1(4.47) 0.013 0.910 3(12.5) 0.570 0.450 7(29.17) 4550 0.033

<0.4mg/L 30 0 1(3.33) 0
APTT <26.44s 23 1(4.35) 0.023 0.880 2(8.70) 0.046 0.831 5(21.74) 1.548 0.213

>26.44s 31 0 2 (6.45) 2 (6.45)
PT <10.1s 20 1(5.00) 0.073 0.786 3(15.00) 1.201 0.273 6(30.00) 5.949 0.015

>10.1s 34 0 1(2.94) 1(2.94)

Note: APTT, activated partial thromboplastin time; D-D, D-Dimer; PT, prothrombin time; ABO, adverse birth outcomes.

patients is essential for preventing ABO and
safeguarding maternal and fetal health.

This study has some limitations, including a
small sample size, which may reduce the statis-
tical power of the findings. Additionally, the lim-
ited number of coagulation markers studied
does not fully capture the complexity of the
coagulation system. Future studies should con-
sider increasing the sample size to enhance
statistical confidence and exploring multiple
aspects of the coagulation system to further
elucidate the relationship between coagulation
abnormalities and birth outcomes in HDP
patients.

In conclusion, HDP is associated with abnormal
activation of coagulation function, and the com-
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bined testing of APTT, PT, and D-D demon-
strates high diagnostic efficacy for HDP.
Moreover, coagulation function is significantly
correlated with HDP severity and effectively
predicts labor outcomes.
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