
Am J Transl Res 2023;15(2):1150-1158
www.ajtr.org /ISSN:1943-8141/AJTR0146877

Original Article 
Predictive value of coagulation function and D-dimer for 
pregnancy outcome in pregnancy-induced hypertension

Yan Zhang1, Huan Li1, Wenting Guo1, Haixia Zhao1, Ning Zheng2, Yongmei Huang2

1Second Department of Obstetrics, Xi’an International Medical Center Hospital, No. 777, Xitai Road, Chang’an 
District, Xi’an 710117, Shaanxi, China; 2Obstetrical Department, Xi’an Gaoxin Hospital, No. 16, Tuanjie South 
Road, Yanta District, Xi’an 710075, Shaanxi, China

Received October 8, 2022; Accepted November 23, 2022; Epub February 15, 2023; Published February 28, 2023

Abstract: Objective: To observe the predictive values of plasma prothrombin time (PT), fibrinogen (FIB), activated 
partial thromboplastin time (APTT) and D-dimer (DD) levels for pregnancy outcome in parturients with hypertensive 
disorder complicating pregnancy (HDCP). Methods: A retrospective analysis was conducted on 107 parturients with 
gestational hypertension admitted to Xi’an International Medical Center Hospital from April 2018 to April 2021 
(research group) and on 50 healthy parturients who underwent physical examination in the same period (control 
group). PT, FIB, APTT, and DD values of all parturients included in the study were examined at admission, and 
pregnancy outcomes were recorded. The working curve (ROC) of the relationship between coagulation function test 
indicators and pregnancy outcomes of parturients in the research group was analyzed. Results: Compared to the 
control group, PT and APTT values of parturients in the research group were lower, while FIB and DD levels were 
markedly higher (P < 0.05). Correlation analysis showed APTT and PT were negatively correlated with the severity 
of disease (both P < 0.001), while the expression of FIB and DD were positively correlated with it (both P < 0.001). 
Parturients were divided into an adverse outcome group and a normal outcome group. Logistic regression analysis 
showed that pre-pregnancy body mass index, PT, APTT, FIB, DD and other indicators were all risk factors for adverse 
outcome in HDCP parturients. ROC curve analysis showed that the area under the curve of these combined risk 
factors for predicting adverse outcome was 0.971. Conclusion: Levels of PT, FIB, APTT, and DD are abnormal in 
parturients with different degrees of HDCP. Regular coagulation function tests can effectively detect HDCP, enabling 
improvement of pregnancy outcome.
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Introduction

Pregnancy is a special physiologic period for 
women, and various physiologic measures 
change in order to facilitate the growth of the 
fetus and the delivery at a later stage [1]. 
Hypertensive disorder complicating pregnancy 
(HDCP) is a group of obstetric-specific diseases 
that seriously threaten maternal and fetal 
health [2]. Epidemiologic statistics show that 
the global incidence is around 7%-13%, and it 
accounts for 6%-10% of pregnant women in 
Europe and the United States and 5%-12% in 
China. HDCP has a very high mortality rate 
(0.042‰), and is one of the main causes of 
maternal and perinatal morbidity and mortality 
[3]. Statistically, the number of maternal deaths 

caused by HDCP accounts for 10%-16% of the 
total worldwide, while 50,000-60,000 maternal 
deaths are caused by preeclampsia of HDCP 
each year [4]. It has been revealed [5] that 
HDCP may lead to serious adverse pregnancy 
outcome. Therefore, in the course of hyperten-
sive disorder complicating pregnancy, timely 
prediction, close attention to preeclampsia, 
and early intervention are critical to reduce 
harm and mortality.

D-dimer (DD) is a specific degradation product 
of cross-linked fibrin produced by the fibrinolyt-
ic system during coagulation and can be used 
as a molecular marker of a hypercoagulable 
state and secondary hyperfibrinolysis in vivo 
[6]. At present, DD level is considered an essen-
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tial indicator for screening for deep venous 
thrombosis or pulmonary thrombosis, and for 
monitoring thrombolytic therapy [7]. Studies 
have found that [8] the expression of DD has in 
predicting pregnancy outcome. Increased sex 
hormone levels affect maternal coagulation 
function, causing a hypercoagulable state in 
the third trimester of pregnancy [9]. This state 
functions to stop bleeding promptly during par-
turition and to promote the formation of arterial 
and venous intravascular thrombi during hemo-
stasis, which is very beneficial for the regenera-
tion of the endometrium at a later stage [10, 
11]. However, if the body’s function is unbal-
anced, the blood coagulation level will be 
excessively high, causing adverse consequenc-
es such as pregnancy-induced hypertension, 
disseminated intravascular coagulation, and 
pulmonary embolism [12]. As routine coagula-
tion tests, plasma prothrombin time (PT), fibrin-
ogen (FIB), and activated partial thromboplas-
tin time (APTT) are associated with HDCP [13]. 
However, it is not clear whether PT, FIB, and 
APTT have significance in pregnancy outcome. 

At present, the risk factors for HDCP can be 
determined as age, Body Mass Index (BMI), and 
others, while there is controversy about the sig-
nificance of coagulation values in HDCP. The 
aim of this study was to analyze the predictive 
value of PT, FIB, APTT, and DD for maternal 
pregnancy outcome in HDCP and provide a ref-
erence for disease observation and prognosis.

Methods and materials

Clinical information

A retrospective analysis was conducted on 107 
parturients with gestational hypertension 
admitted to Xi’an International Medical Center 
Hospital from April 2018 to April 2021 (research 
group) and on 50 healthy parturients who 
underwent physical examination in the same 
period (control group). This study was approved 
by the Medical Ethics Committee of Xi’an 
International Medical Center Hospital (Ethical 
batch No.: 20190441).

Inclusion and exclusion criteria

Inclusion criteria: Parturients who were diag-
nosed with hypertensive disorder complicating 
pregnancy in Xi’an International Medical Center 
Hospital after the 20th week of pregnancy, 

which was in line with the relevant diagnostic 
guidelines of the German Society of Obstetrics 
and Gynecology (DGGG) in 2013 [14]; parturi-
ents who underwent prenatal examination and 
delivery in Xi’an International Medical Center 
Hospital; parturients with complete clinical 
data.

Exclusion criteria: Number of fetuses > 2; par-
turients with an age < 18 years; parturients 
with cardiovascular disease and abnormal liver 
and kidney function; parturients with poor com-
pliance; or parturients with communication 
disorders.

Test method

Fasting peripheral venous blood (3 ml) was 
taken andplaced in a sodium citrate anticoagu-
lant tube, and the blood was fully mixed with 
0.109 mol/L sodium citrate at a ratio of 9:1. 
After being centrifuged at 3,000 r/min for 10 
min, the upper serum was taken, and PT, FIB, 
APTT, and DD were detected within 2 h. DD  
was detected by immunoturbidimetry with the 
kit provided by Sysmex Medical Electronics 
(Shanghai) Co., Ltd. The procedures were in 
strict accordance with the instructions of the 
kit. PT, FIB, and APTT were detected by Sysmex 
CA-8000 automatic coagulation analyzer. All 
maternal pregnancy outcomes were recorded, 
including abnormal intrapartum hemorrhage, 
postpartum hemorrhage, premature delivery, 
placental abruption, and neonatal asphyxia.

Outcome measures 

Main outcome measures: The expression of PT, 
FIB, APTT, and DD in the research group and 
the control group was observed. According to 
maternal pregnancy outcome, parturients were 
divided into an adverse pregnancy outcome 
group and a normal pregnancy outcome group. 
Logistic regression was used to analyze the risk 
factors of adverse maternal outcomes, and the 
prediction curves were plotted.

Secondary outcome measures: The clinical 
data of the two groups were compared. 
According to HDCP grade, the parturients were 
divided into a mild group, a moderate group 
and a severe group. The expression of each 
index according to different HDCP degrees was 
compared. The correlation between each index 
and the degree of HDCP was analyzed by 
Spearman test. 
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Statistical analysis

Statistical analysis was performed using SPSS 
19.0 (IBM Corp, Armonk, NY, USA). The enumer-
ated data were expressed as [n (%)], and were 
compared by chi-square test. The measured 
data were expressed as mean ± standard devi-
ation (means ± sd), and were compared by 
Student t-test. Logistic regression was used to 
analyze the risk factors for pregnancy out-
comes. Receiver operating curve (ROC) was 
used to analyze the clinical value of various 
indicators in predicting HDCP. The correlation 
between HDCP and PT, FIB, APTT, and DD was 
analyzed by Spearman analysis and expressed 
as r. Comparisons between multiple groups 
were performed using one-way analysis of vari-
ance and post hoc tests using LSD-t tests. 
Sample size was calculated using the formula:  
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0.5, and α = 0.05 and β = 0.1 were set. We first 
found that the incidence of adverse pregnancy 
outcomes in pregnant women with pregnancy-
induced hypertension ranged from 35% to 47% 
through a literature search, and we took 41% as 
the average incidence for this study. Subse- 
quently, we substituted the formula to calculate 

a total of 104 people. Considering that there 
may be an incomplete increase in sample data 
by 10%, a need for a total of 114 people was 
estimated, and a total of 57 people was esti-
mated for the control group according to the 
ratio of 1:0.5. We included a total of 107 
patients and 50 healthy people as samples in 
this study in combination with the actual clini-
cal situation. A difference considered signifi-
cant when P < 0.05.

Results

Clinical data

Comparison of the clinical data between the 
two groups suggested no statistical difference 
in terms of age, BMI, parity, mode of delivery, 
smoking history, or alcoholism history (P > 
0.05), but there was a statistical difference in 
gestational age at delivery (P < 0.001, Table 1).

Comparison of expression of PT, FIB, APTT, and 
DD between the research group and control 
group

The levels of PT and APTT in the research group 
were lower than those of the control group, 

Table 1. Baseline data comparison
Variable Control Group (n = 50) Research Group (n = 107) χ2 value P value
Age
    ≥ 30 years 17 35 0.025 0.872
    < 30 years 33 72
Prenatal BMI
    ≥ 23 kg/m2 31 57 1.054 0.305
    < 23 kg/m2 19 50
Gestational age
    ≥ 36 weeks 42 59 12.369 < 0.001
    < 36 weeks 8 48
Parity
    Primipara 22 50 0.102 0.749
    Multiparous 28 57
Mode of delivery
    Natural delivery 23 57 0.720 0.395
    Cesarean section 27 50
Smoking history
    Yes 8 12 0.709 0.402
    No 42 95
History of alcoholism
    Yes 3 5 0.143 0.705
    No 47 104
BMI: Body Mass Index.
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while its FIB and DD levels were higher than 
those of the control group (P < 0.05, Figure 1).

Expression of PT, FIB, APTT, and DD in parturi-
ents with different degrees of HDCP

We further divided the parturients of the 
research group as mild (n = 32), moderate (n = 
45), or severe (n = 30) according to their degree 
of HDCP. The levels of PT, FIB, APTT, and DD 
were further compared between the sub-
groups and results indicated no difference in 
APTT between mild group and moderate group 
(P > 0.05). The APTT of the mild group and mod-
erate group was higher than that of the severe 
group (P < 0.001). PT gradually decreased with 
increasing severity (P < 0.01), while FIB and DD 
rose with increasing severity (P < 0.01, Figure 
2).

Correlation of PT, FIB, APTT, and DD with differ-
ent degrees of HDCP

Spearman test was used to analyze the correla-
tion between PT, FIB, APTT, and DD and differ-
ent degrees of HDCP. The results showed that 
APTT and PT were negatively correlated with 
the severity of disease (both P < 0.001, Figure 
3A, 3B), while the expression of FIB and DD 
were positively correlated with it (both P < 
0.001, Figure 3C, 3D).

Analysis of risk factors of pregnancy outcome

According to pregnancy outcome, there were 
16 cases of fetal growth restriction, 13 cases 
of fetal distress and 18 cases of premature 
infants in HDCP patients. Subsequently, pa- 
tients were grouped into adverse pregnancy 
outcome group (n = 47) and normal pregnancy 
outcome group (n = 60). Univariate analysis 
revealed that age, prenatal BMI, gestational 
age at delivery, disease severity, PT, FIB, APTT 
and DD were all risk factors affecting adverse 
pregnancy outcomes in patients (Table 2, P < 
0.05). Then, by multivariate logistic regression 
analysis, we identified that age, prenatal BMI, 
gestational age at delivery, PT, APTT, and DD 
were independent risk factors affecting adv- 
erse pregnancy outcomes (Table 3, P < 0.05). 
Furthermore, ROC curve was plotted for signifi-
cant independent risk factors, and it was 
revealed that only the area under the curve of 
DD was > 0.8 among independent predictors, 
while the area under the combined curve was 
0.971, which is an ideal predictor (Figure 4).

Discussion

Pregnancy is a physiologic process from con-
ception to delivery, that takes a long time and 
can be affected by many interfering factors, 
and pregnant women are prone to complica-
tions from adverse factors [15]. Hypertension 
in pregnancy is a multiple obstetric disease 
that occurs mostly after 20 weeks of gestation 
and is specifically characterized by elevated 
maternal blood pressure, which can lead to spi-
ral arterial spasm in the uterus if the hyperten-
sive state is maintained for a long time and 
adversely affects the placental blood oxygen 
supply, resulting in intrauterine asphyxia or dys-
plasia of the fetus [16, 17]. Therefore, it is of 
great significance to identify indicators to 
observe the condition of HDCP and predict the 
occurrence of adverse events.

Women in their childbearing age experience 
corresponding physiologic changes in their bod-
ies with the occurrence of pregnancy, and 
among these changes, the most obvious ones 
are in coagulation function and blood circula-
tion [18, 19]. Studies have found that the blood 
system coagulation and anticoagulation in the 
body remain in a relatively dynamic balance 
under normal circumstances. When coagula-
tion imbalance occurs due to in vivo or in vitro 
factors, patients are at high risk of hypercoagu-
lation, If not treated timely this can cause 
thrombosis in the body and even death [20]. 
Many studies have found that the blood of preg-
nant women will be in a pathologic hypercoagu-
lable state, while the dilatation of the veins and 
the increase of blood volume will compress the 
inferior vena cava, thus blocking the patient’s 
blood return, slowing blood flow, and even lead-
ing to the deterioration of varicose veins [21, 
22]. When the hypercoagulable state exceeds 
the normal range, it is prone to develop into 
HDCP, resulting in thrombosis, intrauterine 
growth restriction, placental abruption, and 
even intrauterine fetal death [23]. This sug-
gests a possible link between coagulation val-
ues and HDCP.

APTT reflects the endogenous coagulation sys-
tem and is a relatively sensitive screening index 
for clinical practice [24]. PT is an indicator to 
examine exogenous coagulation factors in clini-
cal practice and is a common indicator for the 
detection of oral anticoagulants [25]. FIB, a fre-
quently used indicator in clinical practice, is 
believed to be related to coagulation activity, 
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Figure 1. Comparison of serum levels of APTT, PT, FIB, and DD between the two groups. A. Comparison of APTT between control group and research group. B. 
Comparison of PT between the control group and research group. C. Comparison of FIB level between control group and research group. D. Comparison of DD level 
between control group and research group. Note: **** means P < 0.0001. PT: Plasma Prothrombin Time; FIB: Fibrinogen; APTT: Activated Partial Thromboplastin 
Time; DD: D-Dimer; HDCP: Hypertensive Disorders of Pregnancy.

Figure 2. Expression of APTT, PT, FIB, and DD in parturients with different degrees of HDCP. A. APTT in parturients of different severity of HDCP. B. PT in parturients of 
different severity of HDCP. C. FIB in parturients of different severity of HDCP. D. DD in parturients of different severity of HDCP. Note: ** means P < 0.01, *** means 
P < 0.001, **** means P < 0.0001. PT: Plasma Prothrombin Time; FIB: Fibrinogen; APTT: Activated Partial Thromboplastin Time; DD: D-Dimer; HDCP: Hypertensive 
Disorder of Pregnancy.
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which mainly reflects the content of fibrinogen 
[26]. DD, a unique marker of secondary fibrino-
lysis, is one of the end products of cross-linked 
fibrin produced by fibrin in response to coagula-
tion factor XIIIa after degradation by plasma 
plasmin [27]. In this study, the levels of PT, 
APTT, FIB, and DD were analyzed in parturients 
with HDCP. It was found that the levels of PT 
and FIB in HDCP parturients were lower than 
those in healthy ones, while the levels of APTT 

and DD in HDCP parturients were markedly 
higher than those in control patients. In the 
study by Shi et al. [28], PT and APTT levels were 
found to be notably lower and FIB levels were 
significantly higher in HDCP patients compared 
to normal parturients. However, in the study of 
Chen et al. [29], DD level was observed to be 
significantly higher in HDCP parturients than in 
normal parturients, which was consistent with 
our findings. Altogether, these results suggest 

Table 2. Univariate analysis of adverse pregnancy outcome

Variable Adverse pregnancy  
outcome group (n = 47)

Normal pregnancy  
outcome group (n = 60) χ2 value P value

Age
    ≥ 30 years old (n = 35) 25 10 15.974 < 0.001
    < 30 years old (n = 72) 22 50
Prenatal BMI
    ≥ 23 kg/m2 (n = 57) 37 20 21.813 < 0.001
    < 23 kg/m2 (n = 50) 10 40
Gestational age
    ≥ 36 weeks (n = 59) 17 42 12.194 0.006
    < 36 weeks (n = 48) 30 18
Parity
    Primipara (n = 50) 20 30 0.587 0.444
    Multiparous (n = 57) 27 30
Mode of delivery
    Natural delivery (n = 57) 23 34 0.632 0.426
    Cesarean section (n = 50) 24 26
Smoking history
    Yes (n = 12) 5 7 0.027 0.867
    No (n = 95) 42 53
History of alcoholism
    Yes (n = 5) 4 1 2.771 0.096
    No (n = 104) 43 59
Degree of illness
    Mild (n = 32) 10 22 14.670 0.001
    Moderate (n = 45) 15 30
    Severe (n = 30) 22 8
PT (s) 8.37±0.92 9.46±1.43 4.503 < 0.001
FIB (g/L) 5.11±0.86 4.67±0.89 2.606 0.011
APTT (s) 23.81±3.29 27.36±4.22 4.860 < 0.001
DD (μg/L) 401.83±47.82 318.71±52.71 8.429 < 0.001
Note: BMI: Body Mass Index; PT: Plasma Prothrombin Time; FIB: Fibrinogen; APTT: Activated Partial Thromboplastin Time; DD: 
D-dimer.

Figure 3. Correlation between PT, FIB, APTT, and DD and severity of illness. A. APTT was associated with the degree 
of HDCP. B. PT was associated with the degree of HDCP. C. FIB correlated with the degree of HDCP. D. DD was as-
sociated with the degree of HDCP. Note: Plasma prothrombin time (PT), fibrinogen (FIB), activated partial thrombo-
plastin time (APTT), D-dimer (DD), hypertensive disorder complicating pregnancy (HDCP), X-axis 1 indicates mild, 2 
indicates moderate, 3 indicates severe, and 0 and 4 are not significant.
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that PT, APTT, FIB, and DD are associated with 
the occurrence and development of HDCP par-
turients. In order to further understand the rela-
tionship between PT, APTT, FIB, DD, and HDCP 
condition, we categorized them according to 
the degree of HDCP. In this manner, it was 
found that the expression of APTT and PT grad-
ually decreased with the severity of the dis-
ease, and the expression of FIB and DD gradu-
ally increased with the severity of the disease. 
This shows that PT, APTT, FIB, and DD partici-
pated in the development of HDCP.

HDCP often occurs after 20 weeks of gestation 
and can result in adverse pregnancy outcomes 
such as preterm delivery, neonatal asphyxia, 
and fetal distress, which seriously threaten the 
health of mothers and infants [30]. Therefore, 

early prediction of adverse pregnancy outcome 
in patients with HDCP and timely intervention 
play substantial roles in improving adverse 
pregnancy outcomes. To further identify factors 
influencing adverse maternal outcomes in 
HDCP, age, prenatal BMI, gestational age at 
delivery, PT, APTT, and DD were all found to be 
independent risk factors for adverse pregnancy 
outcomes. The relationship between age and 
adverse pregnancy outcome has been demon-
strated in a large number of previous studies, 
and elderly pregnant women were found to be 
more inclined to decreased physical function 
and pregnancy complications such as HDCP 
and electrocardiographic changes during preg-
nancy, as well as a higher risk of adverse preg-
nancy outcomes such as stillbirth and preterm 
delivery [31, 32]. Sugiyama et al. [33] found 

Table 3. Logistic multivariate risk analysis of adverse pregnancy outcome

Variable β value Standard error χ2 P value Odds ratio
95% CI

Lower limit Upper limit
Age 2.546 0.988 6.638 0.010 12.751 1.839 88.427
Prenatal BMI 2.566 1.006 6.509 0.011 13.009 1.812 93.372
Gestational age 2.631 1.030 6.532 0.011 13.893 1.847 104.516
Degree of illness 0.316 0.523 0.365 0.546 1.372 0.492 3.821
PT -1.351 0.441 9.368 0.002 0.259 0.109 0.615
FIB 0.275 0.461 0.355 0.551 1.317 0.533 3.253
APTT -0.271 0.112 5.858 0.016 0.762 0.612 0.950
DD 0.030 0.008 13.531 < 0.001 1.030 1.014 1.047
Note: PT: Plasma Prothrombin Time; FIB: Fibrinogen; APTT: Activated Partial Thromboplastin Time; DD: D-dimer.

Figure 4. ROC curve analysis of independent risk factors in predicting adverse maternal pregnancy outcome. A. ROC 
curve analysis of each independent risk factor in predicting adverse maternal pregnancy outcome. B. ROC curve 
analysis of combined detection in predicting adverse maternal pregnancy outcome. Note: PT: Plasma Prothrombin 
Time; FIB: Fibrinogen; APTT: Activated Partial Thromboplastin Time; DD: D-Dimer; HDCP: Hypertensive Disorder 
Complicating Pregnancy; AUC: Area Under The Curve.
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that both pre-pregnancy BMI and weight gain 
during pregnancy were risk factors for adverse 
neonatal outcome [34]; that is, the greater the 
pre-pregnancy BMI, the more weight gain dur-
ing pregnancy, and the greater the risk of 
adverse neonatal pregnancy outcome. This 
may be related to the increased risk of cardio-
vascular disease in pregnant women due to 
prepregnancy obesity. Studies have found [35] 
that insufficient gestational age at delivery can 
lead to FGR, intrauterine distress, or death of 
the fetus. This is due to defects in the develop-
ment of newborns with insufficient delivery 
cycles, who are prone to growth restriction and 
fetal distress. When the body is in a hyperco-
agulable state, this will cause a significant 
increase in DD in the blood, while PT and APTT 
time are shortened. However, increased DD 
content in the body can deposit on the surface 
of endothelial cells to form fibrin deposits, 
resulting in impaired nutrient and oxygen trans-
port or exchange in the capillary bed. In severe 
cases, this leads to placental hypoperfusion, 
spiral artery embolism, and even placental 
thrombosis, which cause premature delivery 
[36]. At the end of this study, we analyzed the 
significant risk factors of adverse pregnancy by 
ROC curve in order to predict adverse pregnan-
cy outcome and found that only the area under 
the curve of DD was > 0.8. However, by plotting 
the combined curve, the area under the curve 
rose to 0.971, which is an ideal predictor.

In this study, we found that PT, FIB, APTT, and 
DD were differently expressed in HDCP, and  
the levels of various indicators were correlated 
with the severity of HDCP. However, this study 
has some limitations. First, patients could not 
be randomly categorized as this study was a 
retrospective one. Second, whether combined 
prediction can be applied in clinical practice 
requires more samples for validation. Finally, 
we hope that our experiment will be further 
verified and improved with subsequent studies 
by increasing the sample size.

In summary, PT, FIB, APTT, and DD levels were 
abnormal in parturients with different degrees 
of HDCP, and regular coagulation tests could 
effectively detect HDCP, allowing relevant  
treatment measures to improve pregnancy 
outcome. 
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