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Abstract

Background: Preeclampsia is a pregnancy-specific disease, which is easy to cause adverse outcomes in mother and child. Effective
prediction of preeclampsia have important clinic al significance. This retrospective study aimed to investigate the utility of thrombin
time during the first trimester as a predictive marker for preeclampsia. Methods: We meticulously examined the clinical characteristics
of a cohort comprising 222 pregnant individuals with mild preeclampsia, 315 with severe preeclampsia, and 396 healthy pregnant women.
Subsequently, we conducted both univariate and multiple regression analyses to discern variations in quantitative variables across these
groups and to ascertain any discernible associations between thrombin time and the incidence of preeclampsia. Furthermore, we assessed
the predictive performance of thrombin time by utilizing the receiver-operating characteristic (ROC) area under the curve (AUC).Results:
Thrombin time exhibited a statistically significant prolongation in the preeclampsia cohort compared to the healthy pregnancy cohort
(p < 0.05). This significance was maintained after adjusting for maternal age and gestation at testing in the logistic regression model.
The AUC for thrombin time was found to be 0.953, with a commendable specificity of 97.28% and sensitivity of 92.48% in predicting
preeclampsia. Conclusions: Our findings provide compelling evidence of a noteworthy association between prolonged thrombin time in
the first trimester and an elevated risk of preeclampsia. The robust positive correlation underscores the potential of prolonged thrombin
time as a predictive marker for the development of preeclampsia. Nevertheless, it is crucial to emphasize that further experimental studies
are imperative to elucidate the underlying pathogenesis of thrombin time in the progression of preeclampsia.

Keywords: preeclampsia; thrombin time; coagulation function; predictive value

1. Introduction

Preeclampsia (PE) is defined by pregnancy-induced
hypertension with proteinuria occurring after the 20th week
of gestation [1]. Globally, it affects approximately 2–8%
of pregnant women and is responsible for over 500,000 fe-
tal and neonatal fatalities and over 70,000 maternal deaths,
positioning it as the second leading cause of maternal mor-
tality worldwide [2,3]. Despite being the most prevalent
pregnancy complication, the exact pathogenesis and defini-
tive early screening indicators for diagnosing preeclampsia
remain elusive. Preeclampsia arises from insufficient tro-
phoblast invasion, resulting in placental ischemia. This is-
chemia and hypoxia trigger the release of placental inflam-
matory mediators, which can result in vascular endothelial
damage and disruption of the coagulation, anticoagulation,
and fibrinolytic systems [4–6]. Several studies have in-
dicated a correlation between thrombin time (TT) and an
elevated risk of various conditions, including preeclamp-
sia, gestational diabetes, and endometriosis [7,8]. Given
these considerations, it is plausible that thrombin time could
be related to the initiation and progression of preeclamp-
sia. However, the precise nature of the relationship be-
tween thrombin time and preeclampsia remains ambigu-
ous. Moreover, as a readily accessible screening test pri-

marily utilized for detecting fibrinogen abnormalities [9],
TT offers a convenient and swift alternative. Our aim
was to ascertain its potential as a predictive biomarker for
preeclampsia.

2. Methods
2.1 Research Objects

This retrospective study encompassed a cohort of
988 patients who received treatment at the Obstetric Out-
patient Clinic and Inpatient Department of the Affiliated
Hospital of Jining Medical University during the period
spanning from 1st January 2018 to 30th September 2020.
Among these patients, 933 patients were meticulously
screened and subsequently categorized into three groups:
222 women with mild preeclampsia, 315 women with se-
vere preeclampsia, and 396 healthy women, in accordance
with the criteria outlined in the 2002 Practice Bulletin of
the American College of Obstetricians and Gynecologists
(ACOG) [10]. The diagnostic criteria for preeclampsia in-
clude the following parameters: systolic blood pressure
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg
measured on two occasions, separated by a four-hour inter-
val, and urinary protein ≥0.3 g/24 hours, or random urine
protein ≥ (+) after reaching 20 weeks of gestation. The
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Fig. 1. Flowchart of the study population.

diagnosis of severe preeclampsia was predicated upon the
presence of any of the following features: systolic blood
pressure ≥160 mmHg or diastolic blood pressure ≥110
mmHg on two occasions separated by ≥4 hours, throm-
bocytopenia (platelet count ≤100 × 109/L), the presence
of pulmonary edema, new-onset headache or visual distur-
bances, severe and persistent right-upper-quadrant or epi-
gastric pain unresponsive to medication, elevated liver en-
zymes (alanine aminotransferase [ALT] or aspartate amino-
transferase [AST] ≥ twice the upper limit of normal),
hemolysis (evidenced by low serum haptoglobin levels
and/or serum bilirubin ≥1.2 mg/dL, and/or indicative pe-
ripheral blood smear), renal insufficiency (manifested by
elevated serum creatinine exceeding 1.1 mg/dL, or a dou-
bling of serum creatinine in the absence of other renal
pathologies). The cohort of healthy pregnant women was
characterized by the absence of proteinuria, hypertension,
cardiovascular diseases, hepatic disorders, kidney disor-
ders, diabetes, or thyroid maladies. Exclusion criteria en-
compassed pregnancies with incomplete delivery or clin-
ical data, pregnancies complicated by conditions such as
chronic hypertension, prior cardiovascular diseases, acute
and chronic hepatitis, kidney disease, endocrine disorders,
blood system disorders, and medication use, twin or multi-
ple pregnancies, as well as miscarriages or stillbirths (Fig. 1
for details).

2.2 Statistical and Coagulation Indicators Collection
We gathered demographic and medical history infor-

mation, including age, gestation at testing, body mass index
(BMI), and delivery week, from the Haitai Medical Record
Information System. Blood samples were obtained in anti-
coagulant tubes between the 16th and 24th weeks of ges-
tation and were subjected to coagulation function testing
within a 2-hour timeframe.

2.3 Statistical Analysis
For data analysis, we employed the R software (http:

//www.R-project.org, 4.3.1 version, The R Foundation, Vi-
enna, Austria) and Empower Stats software (http://www.em
powerstats.com, 4.2 version, X&Y Solutions, Inc, Boston,
MA, USA). Univariate analysis and multiple regression
were conducted on the dataset. The receiver-operating
characteristic (ROC) and the area under the curve (AUC)
were generated to assess the potential predictive utility for
preeclampsia. Quantitative factors were presented as X̄

(mean) ± SD (standard deviation). Continuous variables
were subjected to one-way ANOVA (analysis of variance,
normal distribution), or Kruskal-Wallis H test (skewed dis-
tribution). A significance level of p < 0.05 was considered
statistically significant.
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Table 1. Characteristics of the study population.
Characteristics Controls (n = 396) Mild preeclampsia (n = 222) Severe preeclampsia (n = 315) p-value

Age (years) 29.64 ± 5.26 30.68 ± 5.98 31.91 ± 6.38 <0.001
BMI (kg/m2) 23.01 ± 3.67 23.12 ± 7.17 22.99 ± 9.01 0.974
Systolic blood pressure (mmHg) 120.41 ± 11.23 165.55 ± 14.37 179.63 ± 16.69 <0.001
Diastolic blood pressure (mmHg) 73.14 ± 8.93 103.47 ± 8.84 112.27 ± 10.82 <0.001
Gestation at delivery (weeks) 38.76 ± 2.08 36.17 ± 2.87 34.08 ± 3.90 <0.001
Gestation at testing (weeks) 14.29 ± 2.44 15.47 ± 3.47 17.43 ± 5.14 <0.001
Fibrinogen* (g/L) 4.25 ± 2.56 4.34 ± 4.20 5.18 ± 5.33 0.014
Prothrombin time* (s) 10.72 ± 0.54 10.90 ± 0.76 11.12 ± 2.37 0.107
Thrombin time (s) 13.55 ± 0.90 17.84 ± 7.44 16.55 ± 2.38 <0.001
Results in the table: X̄ ± SD. Results were analyzed by one-way ANOVA (normal distribution), or Kruskal-Wallis H test (*: skewed
distribution). p-value: among groups, p < 0.05 statistically significant. BMI, body mass index; SD, standard deviation; ANOVA,
analysis of variance.

3. Rusult
3.1 General Clinical Characteristics and Some Indicators
in Coagulation Routine among the Three Groups

In this study, our sample of 933 pregnant women was
stratified into three distinct categories: 396 healthy preg-
nant women constituted the control group, while 222 preg-
nant women were diagnosed with mild preeclampsia, and
315 pregnant women exhibited severe preeclampsia. Ta-
ble 1 provides an overview of the essential clinical charac-
teristics and selected coagulation routine indicators, includ-
ing thrombin time, across these three groups. Throughout
the course of gestation, parameters such as systolic blood
pressure, diastolic blood pressure, and gestation at testing
displayed elevations in both the mild and severe preeclamp-
sia groups when compared to the control group, there are
significant differences among the three groups (p < 0.001;
Table 1). Notably, thrombin time registered an extension
in both the mild and severe preeclampsia cohorts relative to
the control group of healthy pregnant women, there are sig-
nificant differences among the three groups (p< 0.001; Ta-
ble 1). Conversely, no significant difference in prothrombin
time was found among the three groups (p = 0.107> 0.05).

3.2 Univariate and Multiple Regression Analyses of
Factors Influencing Preeclampsia

In the univariate analysis, as presented in Table 2, we
identified systolic blood pressure, diastolic blood pressure,
and thrombin time as statistically significant risk factors as-
sociated with the development of preeclampsia (odds rratio
(OR): 1.41, 1.53 and 5.70; 95% confidence interval (CI):
1.30–1.52, 1.40–1.67 and 4.06–8.01, p < 0.0001). How-
ever, there was no statistical significance between fibrino-
gen and preeclampsia (p = 0.2230 > 0.05). Subsequently,
we subjected the variables demonstrating statistical signif-
icance in the univariate analysis to logistic regression anal-
ysis, as detailed in Table 3. This comprehensive analysis
confirmed that thrombin time stood out as an independent
risk factor in the progression of preeclampsia. Even after
adjusting for maternal age and gestation at testing, the pos-

Table 2. Univariate analysis of various variables for
preeclampsia.

Covariate OR (95% CI) p-value

Age (years) 1.05 (1.03, 1.08) <0.0001
Systolic blood pressure (mmHg) 1.41 (1.30, 1.52) <0.0001
Diastolic blood pressure (mmHg) 1.53 (1.40, 1.67) <0.0001
Thrombin time (s) 5.70 (4.06, 8.01) <0.0001
Fibrinogen (g/L) 1.04 (0.98, 1.10) 0.2230
p < 0.05 statistically significant.
CI, confidence interval; OR, odds ratio.

itive association between thrombin time and the incidence
of preeclampsia persisted (OR: 5.84; 95% CI: 4.07–8.39, p
< 0.0001).

3.3 Predictive Value of Thrombin Time for Preeclampsia

In Table 4 and Fig. 2, we present a comprehensive
statistical analysis aimed at identifying models with supe-
rior predictive capabilities. ROC curve was meticulously
constructed to assess the predictiveprowess of the early
pregnancy thrombin time test for preeclampsia. Our anal-
ysisunveiled that the early pregnancy thrombin time test
indeed exhibits robust predictive potential for preeclamp-
sia, boasting an impressive AUC of 0.953 (95% CI: 0.92–
0.98). Moreover, ityielded an optimal TT prediction
threshold of 15.05 seconds, achieving animpressive speci-
ficity of 97.28% and a sensitivity of 92.48% in predicting
preeclampsia.

4. Discussion
Preeclampsia is characterized by its challenging pre-

ventability, significant risks, and complex clinical presen-
tation as a prevalent idiopathic disorder in obstetrics [11].
In our retrospective study, preeclampsia was divided into
mild preeclampsia and severe preeclampsia. Our classifi-
cation of severe preeclampsia aligns with the concept of
preeclampsia with severe features as outlined in the ACOG
(American College of Obstetricians and Gynecologists)
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Table 3. Multiple regression analysis before and after adjusting the model.

Variable
Non-adjusted Adjusted

OR (95% CI) p-value OR (95% CI) p-value

Thrombin time (s) 5.70 (4.06, 8.01) p < 0.0001 5.84 (4.07, 8.39) p < 0.0001
Results in table: OR (95% CI) p-value. p < 0.05 statistically significant.
Adjusted: adjusted for gestation at testing and age.
OR, odds ratio.

Table 4. Diagnostic tests and ROC analysis for continuous predictors.
Test ROC area (AUC) p 95% CI low 95% CI up Best threshold Specificity Sensitivity

Thrombin time(s) 0.9527 <0.0001 0.9213 0.9842 15.0500 0.9728 0.9248

Fig. 2. Area under the ROC curve. The determination of the op-
timal cut-off point is contingent on the maximization of the com-
bined values of sensitivity and specificity. AUC, area under the
curve; ROC, the receiver-operating characteristic.

guidelines [10]; however, the ISSHP (International Soci-
ety for the Study of Hypertension in Pregnancy) guidelines
recommend that preeclampsia should not be classified as
mild or severe because the condition can deteriorate rapidly
and without warning [12]. Although the guidelines are
slightly different, the distinction between mild and severe
preeclampsia is clinically advantageous, as severe cases
are associated with serious complications such as HELLP
(hemolysis, elevated liver enzymes, and low platelets) syn-
drome, placental abruption, eclampsia, hypertensive crises,
multiple organ dysfunction, and significant fetal growth re-
striction [13]. This differentiation is essential for guid-
ing management strategies, therapeutic modalities, timing
and mode of delivery, and prenatal care for patients with
preeclampsia, ultimately aiming for favorable outcomes for
both the mother and fetus [10]. In light of the impera-
tive need to forestall the swift deterioration of maternal or-

gan function, early pregnancy termination frequently be-
comes a necessary intervention [14]. Therefore, the discov-
ery of reliable predictors for early intervention, prior to the
development of serious complications, becomes exceed-
ingly crucial. In our study, we meticulously scrutinized co-
agulation routines in both preeclampsia-afflicted and non-
preeclampsia pregnant individuals, both before and after
the 20th week of gestation. Our analyses, including uni-
variate and multiple regression examinations, discerned a
robust association between the extension of thrombin time
and the condition of patients afflicted with preeclampsia. A
further examination of the ROC curve unveiled a substan-
tial AUC of 0.953, complemented by commendable sen-
sitivity and specificity values of 0.9248 and 0.9728, re-
spectively, for predicting preeclampsia. This substantiates
the assertion that the prolongation of thrombin time is in-
timately linked to preeclampsia and holds the potential to
serve as a novel predictor for this condition. The extension
of thrombin time is associated with pathological anticoagu-
lation states such as hypofibrinogenemia or signifies hyper-
fibrinolysis and fibrinogen depletion [15,16]. Plausible ra-
tionales for the prolonged thrombin time in the preeclamp-
sia cohort encompass: firstly, while Williams VK et al.
[17] demonstrated an elevation in fibrinogen concentration
in the preeclampsia group, a substantial reduction in both
the rate and peak thrombin generation was noted in the
early preeclampsia group compared to their healthy preg-
nant counterparts [18]. This indicates that thrombin gen-
eration, instigated by low-dose tissue factor (TF), under-
goes attenuation in the preeclampsia group. Secondly, an
alternative explanation can be derived from the markedly
lower fibrinogen levels observed in pregnant women af-
flicted with preeclampsia, in comparison to their healthy
counterparts [19,20]. Serum fibrinogen beta chain levels,
a byproduct of fibrinogen degradation, demonstrated ele-
vations even prior to the diagnosis of preeclampsia, with
significant surges following diagnosis. Collectively, these
findings underline a significant depletion of fibrinogen in
cases of preeclampsia [21,22]. Consequently, a reduction
in either fibrinogen or thrombin may account for the elon-
gation of thrombin time in the context of preeclampsia.

4

https://www.imrpress.com


The precise pathogenesis of preeclampsia remains
enigmatic. In the course of a typical pregnancy, cytotro-
phoblasts traverse the inner third of the myometrium, pen-
etrating deeply into the innermost layer of the maternal spi-
ral arteries [23]. Subsequently, they integrate with vas-
cular smooth muscle cells, thereby preparing for adequate
placental perfusion and optimal fetal development [24].
Conversely, the prevailing theory regarding preeclamp-
sia’s pathogenesis, as proposed by scholars, focuses on the
frequently superficial and incomplete invasion of cytotro-
phoblasts, leading to suboptimal placental perfusion. This
in turn induces placental ischemia and hypoxia, resulting
in an influx of various detrimental factors into the mater-
nal bloodstream [25]. These factors instigate damage to
vascular endothelium, initiating a cascade of coagulopathy
[25,26]. In cases of severe endothelial damage, the liber-
ation of tissue and coagulation factors stimulates both the
endogenous and exogenous coagulation systems [27]. This
can culminate in a significant elevation in plasma TF con-
centrations, serving as a catalyst for the extrinsic coagula-
tion pathway in individuals with preeclampsia [28]. Nu-
merous factors within the coagulation cascade may con-
tribute to heighten thrombin generation, ultimately pro-
moting the conversion of fibrinogen into fibrin [29]. No-
tably, the accumulation of fibrin within the glomeruli has
been thoroughly documented in preeclampsia, accentuating
a more pronounced hypercoagulable state compared to nor-
mal pregnancy [28–30].

Furthermore, recent investigations have spotlighted
the long non-coding RNA, Growth Arrest-Specific 5
(GAS5), as a significant contributor in preeclampsia.
GAS5, a lengthy non-coding RNA, has been linked to tro-
phoblast cell proliferation, migration, and invasion and its
expression has been found to be upregulated in placen-
tas from preeclampsia-afflicted patients [20]. The inva-
sive characteristics of trophoblast cells resemble those of
tumor cells [31]. GAS5 expression typically decreases in
tumor tissues due to the excessive invasion of tumor cells
[32], whereas it significantly increases in the placentas of
pregnant women with preeclampsia, particularly in cases of
early-onset preeclampsia. ZhengD et al. [20] have reported
a positive correlation between elevated GAS5 levels and
prolonged TT, alongside reduced fibrinogen levels. This
correlation is consistent with the documented extension of
thrombin time in pregnant women with preeclampsia. In-
terestingly, some investigations have unearthed a hyperco-
agulable state in preeclampsia, which is not entirely congru-
ent with our findings [33]. It is posited that, as the severity
of preeclampsia escalates, heightened activation of the co-
agulation cascade may lead to the depletion of coagulation
components such as fibrinogen or a reduction in thrombin.
This, in turn, could culminate in a protracted thrombin time,
thus imbuing the utility of prolonged thrombin time as a
potential predictor of preeclampsia with meaningful signif-
icance.

Currently, although some studies are endeavoring to
explore potential biomarkers for early-onset preeclamp-
sia, such as neuroserpin, sFlt-1 (soluble fms-like tyrosine
kinase-1), and PIGF (Placental Growth Factor) [34,35],
thrombin time offer a more cost-effective and easily ac-
cepted option for patients. However, it is important to rec-
ognize the limitations inherent in our study. Due to its ret-
rospective design, we were unable to directly monitor the
dynamic evolution of fibrinogen and thrombin in relation
to thrombin time throughout pregnancy, which would be
possible in experimental studies.

5. Conclusions
Our research has demonstrated a significant linear cor-

relation between the prolongation of thrombin time and
the onset of preeclampsia. Consequently, thrombin time
presents potential as a potential predictor for assessing the
occurrence of preeclampsia. Future studies could benefit
from the implementation of a randomized controlled trial to
investigate the dynamic alterations in fibrinogen and throm-
bin throughout the development of preeclampsia.
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