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Abstract

Objectives: To establish and verify the prediction model of
recurrent preeclampsia (PE) in pregnant women with a
history of PE.
Methods: Totally 130 pregnant women with a history of PE
from Jan 2021 to Jan 2023 were selected retrospectively. The
patients were randomly matched according to the propor-
tion of 1:4 to establish a verification group (nasty 26) and a
modeling group (nasty 104). The modeling patients were
divided into two groups according to the occurrence of
preeclampsia: recurrent group (nasty 50) and non-recurrent
group (nasty 54). Multivariate logistic regression analysis of
influencing factors was established. Calibration curve was
performed to verify, decision curve analysis (DCA) was used
to evaluate the clinical practicability of the predictionmodel,
and ROC analysis was used to show the prediction value of
the model.
Results: Multivariate logistic regression analysis showed that
there were significant differences in age, gestational age,
gestational interval, systolic bloodpressure anddiastolic blood
pressure of previous pregnancy. (p<0.05) According to the

results of logistic regression analysis, a prediction model was
constructed. Logit(P)=(0.910Age)+(0.987Age of onset of previ-
ous pregnancy)+(1.167Gestational interval)+(1.186Systolic
blood pressure in previous pregnancy)+(0.970Diastolic blood
pressure in previous pregnancy).The slope of the calibration
curve was close to one in the training set and verification set.
The results showed that the prediction of recurrent PE risk of
pregnant women with history of eclampsia was consistent
with the actual risk. ROC analysis showed that the area under
curve was 0.991. The results of DCA analysis showed that the
model had good clinical practicability.
Conclusions: In this study, a predictionmodel is successfully
established and verified according to the influencing factors.
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Introduction

Preeclampsia is a pregnancy-specific hypertensive disease,
which usually occurs after 20 weeks of pregnancy, charac-
terized by elevated blood pressure and proteinuria, which
may be accompanied by damage to the function of other
maternal organs [1, 2]. Unlike eclampsia, preeclampsia is the
state of preeclampsia, which may develop into eclampsia
without proper treatment. Recurrent preeclampsia is a
serious complication of pregnancy, which is omni-
directional and poses a serious threat to pregnant women
and fetuses [3–5]. For pregnant women, recurrent pre-
eclampsia may lead to cardiovascular system damage and
increase the risk of cardiovascular disease; at the same time,
it may lead to renal dysfunction and even renal failure; it
may also cause liver function damage, abnormal blood
coagulation and systemic edema [6]. These complications not
only affect the health of pregnant women, but also lead to
dangerous conditions during delivery, such as heart failure,
pulmonary edema and so on [7–10]. For the fetus, recurrent
preeclampsia may lead to intrauterine hypoxia, affecting its
normal growth and development. Due to impaired placental
function, the fetus may be at risk of growth restriction,
resulting in a lower body weight than normal at the same
gestational age. In addition, recurrent preeclampsia may
also increase the risk of premature delivery or stillbirth,
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posing a serious threat to the life and safety of the fetus [11].
In addition to direct hazards, recurrent preeclampsia may
also have a long-term impact on the future health of preg-
nant women and fetuses [12–14]. For example, pregnant
women may face a long-term risk of cardiovascular disease
after preeclampsia, while fetuses affected by hypoxia and
malnutrition may suffer irreversible damage to their ner-
vous system, affecting their future cognitive and motor
function. Previous studies by Wainstock et al. [15]. have
shown that cesarean section and preterm labor are impor-
tant risk factors for recurrent preeclampsia, but there is a
lack of relevant research onmodel prediction that combines
factors. The establishment of predictive models also aids in
strengthening the self-management of pregnant women. By
understanding the results of predictive models, pregnant
women can gain a clearer understanding of their condition
and risks, thereby more actively participating in prenatal
care and disease prevention and enhancing their self-care
awareness and capabilities [16–18]. Therefore, this study
analyzes the factors influencing the recurrence of PE in
pregnant women with a history of the condition and further
establishes a predictive model to provide a reference for
clinical practice.

Subjects and methods

Study subjects

In this retrospective study, we selected 130 cases of pregnant
women with a history of preeclampsia who were admitted to
our hospital from Jan 2021 to Jan 2023. The patients were
randomlymatchedat a 1:4 ratio to establish a validation group
(n=26) and a modeling group (n=104). Patients were divided
into two groups based on the occurrence of preeclampsia: the
recurrence group (n=50) and the non-recurrence group
(n=54). The inclusion criteria were: (1) a history of only one
prior delivery; (2) singleton pregnancy; (3) the same spouse
for the pregnantwoman; (4) no pharmacological prophylactic
treatment used; (5) 18–35 years old. Exclusion criteria
included: (1) pregnant women with primary cardiovascular
disease; (2) those with hematologic disorders; (3) those with
severe liver or kidney diseases; (4) suffering from gestational
diabetes mellitus; (5) autoimmune diseases exist.

Data collection

Data collection included patients BMI, pregnancy-associated
internal medical conditions, regular prenatal check-ups,
conception method, HDL-C, LDL-C, urinary albumin-to-

creatinine ratio (uACR), mode of delivery, age, gestational
age at onset in the previous pregnancy, interpregnancy in-
terval, and systolic and diastolic blood pressures during the
previous pregnancy.

Diagnostic criteria for preeclampsia

(1) Blood pressure criteria: in pregnant women after
20 weeks of gestation, ≥140 mmHg and/or diastolic
blood pressure >90mmHg were considered systolic
blood pressure.

(2) Proteinuria criteria: accompanied by pro ≥0.3 g/24 h, or
a positive result (+) in random urine protein tests.

(3) Accompanying symptoms or signs: platelet count
<100 × 109/L. Liver function impairment: serum trans-
aminase levels more than twice the normal value. Kid-
ney function impairment: SCR >97 μmol/L or more than
twice the normal value. Pulmonary edema: clinical
presentation of PE. New onset of central nervous system
abnormalities or visual disturbances, such as head-
aches, blurred vision, or consciousness disturbances.

Statistical analysis

The collected experimental data were analyzed using SPSS
version 27.0. Data fitting a normal distribution were
expressed as mean ± standard deviation and compared us-
ing the independent sample t-test. Categorical data were
expressed in numbers or percentages and compared using
the chi-square test or Fisher’s exact test. Binary logistic
regression analyses were conducted to identify factors
influencing the recurrence of preeclampsia in pregnant
women with a history of the condition. The predictive value
of the model for recurrence in these women was assessed
using the receiver operating characteristic curve (ROC),
calibration curve was performed to verify, decision curve
analysis (DCA) was used to evaluate the clinical practica-
bility of the prediction model. p<0.05 were generally
considered as statistically significant.

Results

Comparison of general data

The comparison of general data between the validation
group and the modeling group showed no differences
(p>0.05), as shown in Table 1.
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Comparison of two sets of baseline data

Analysis indicated that there were no significant differences
in BMI, pregnancy-associated internal medical conditions,
regularity of prenatal check-ups, conception method, sig-
nificant differences were found in age (t=5.208, p<0.001),
gestational age at onset in the previous pregnancy (t=17.061,
p<0.001), interpregnancy interval (χ2=8.625, p=0.013), systolic
blood pressure in previous pregnancy (χ2=6.416, p=0.040),
diastolic blood pressure in previous pregnancy (χ2=9.051,
p=0.011). It is suggested that age, gestational age, gestational
interval, systolic blood pressure and diastolic blood pressure
may be the influencing factors of recurrent preeclampsia. as
shown in Table 2.

Multivariable analysis

Using age, gestational age at onset during the previous
pregnancy, interpregnancy interval, and systolic and dia-
stolic pressures from the previous pregnancy as indepen-
dent variables, and the outcome of eclampsia recurrence
(recurrent eclampsia=1, no recurrence=0) as the dependent
variable. The results showed that age (OR=3.165, 95 %
CI=1.352–7.410), age of onset of previous pregnancy
(OR=2.915, 95 % CI=1.336–6.360), gestational interval

(OR=2.864, 95 % CI=1.088–7.542), systolic blood pressure
(OR=3.154, 95 % CI=1.090–9.125) and diastolic blood pressure
of previous pregnancy (OR=3.284, 95 % CI=1.160–9.298) were
independent influencing factors of recurrent preeclampsia
in pregnant women with history of PE as indicated in
Table 3.

Development of a predictive model

Based on the results of the logistic regression analysis, age,
gestational age at onset during the previous pregnancy,
interpregnancy interval, and blood pressures from the
previous pregnancy were incorporated into a model pre-
dicting the recurrence of preeclampsia in pregnant women
with a history of the condition. The model formula is Log-
it(P)=(0.910Age)+(0.987Age of onset of previous pregnan-
cy)+(1.167Gestational interval)+(1.186Systolic blood
pressure in previous pregnancy)+(0.970Diastolic blood
pressure in previous pregnancy). The clinical benefits are
shown in Figure 1. The results of DCA analysis showed that
the model had good clinical practicability. The model curve
demonstrates superior performance by being positioned
closer to the upper right corner compared to the curve
representing all interventions (ALL), suggesting that in-
terventions guided by the model yield greater benefits than

Table : Comparison of general data.

Indicator Validation group (n=) Modeling group (n=) t/χ value p-Value

Age, years . ± . . ± . . .
BMI, kg/m

. ± . . ± . . .
Age of onset of previous pregnancy, weeks <   . .

∼  

>  

Gestational interval, years <   . .
≥  

Pregnancy complicated with medical diseases Yes   . .
N/A  

Regular prenatal examination during pregnancy Yes   . .
N/A  

Mode of conception Natural   – .
IVF  

HDL-C, mmol/L . ± . . ± . . .
LDL-C, mmol/L . ± . . ± . . .
uACR . ± . . ± . . .
Mode of delivery Natural delivery   – .

Cesarean section  

Systolic blood pressure in previous pregnancy, mmHg <   . .
≥  

Diastolic blood pressure in previous pregnancy, mmHg <   . .
≥  
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blanket interventions across the board, as illustrated in
Figure 1. To construct the calibration curve, the prediction
probabilities are categorized into distinct buckets,
employing either a ‘uniform’ or ‘quantile’ division strategy.
Within each bucket, the average prediction probability of
all samples is computed and designated as the abscissa
(x-axis). Concurrently, the probability of positive instances
within the same bucket is calculated and assigned as the
ordinate (y-axis). By sequentially connecting these calcu-
lated points, the calibration curve is effectively plotted,
providing a visual representation of the model’s predictive
accuracy. This model showed calibration curves with
slopes close to 1 in both the training and validation sets,

indicating good consistency between the predicted risks
and the actual risks, as shown in Figures 2 and 3.

ROC curve analysis of the predictive model’s
value in forecasting recurrence of
preeclampsia in pregnant women with a
history of preeclampsia

ROC analysis demonstrated that in the training set, the AUC
for predicting the recurrence of preeclampsia in pregnant
women with a history of the condition was 0.898 with a
standard error of 0.034 as shown in Figure 4. In the

Table : Comparison of two sets of baseline data.

Indicator Recurrence group
(n=)

Non-recurrence group
(n=)

t/χ
value

p-Value

Age, years . ± . . ± . . <.
BMI, kg/m

. ± . . ± . . .
Age of onset of previous pregnancy, weeks <   . .

∼  

>  

Gestational interval, years <   . .
≥  

Pregnancy complicated with medical diseases Yes   . .
N/A  

Regular prenatal examination during pregnancy Yes   . .
N/A  

Mode of conception Natural   – .
IVF  

HDL-C, mmol/L . ± . . ± . . .
LDL-C, mmol/L . ± . . ± . . .
uACR . ± . . ± . . .
Mode of delivery Natural delivery   – .

Cesarean
section

 

Systolic blood pressure in previous
pregnancy, mmHg

<   . .
≥  

Diastolic blood pressure in previous
pregnancy, mmHg

<   . .
≥  

Table : Multivariable analysis.

Influencing factors β value SE value WALD p-Value Exp, B %CI

Lower limit Upper limit

Age . . . . . . .
Age of onset of previous pregnancy . . . <. . . .
Gestational interval . . . . . . .
Systolic blood pressure in previous pregnancy . . . . . . .
Diastolic blood pressure in previous pregnancy . . . . . . .
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validation set, the AUC was 0.991 with a standard error of
0.001 as shown in Figure 5.

Discussion

The risk of recurrence of preeclampsia increases signifi-
cantly during second pregnancy, which poses a great threat
to maternal and infant health. Therefore, to explore the

influencing factors of its recurrence and establish an effec-
tive prediction model is of great significance to improve the
quality of pregnancy management and reduce the risk of
maternal and infant complications [19, 20]. In this study, by
comparing the general data of patients in the verification
group and the model group, and the results of this study, to
explore the influencing factors of recurrence, and based on
these factors to build a predictive model, and then verify.

Figure 1: Predictive model. Successful establishment of prediction
model.

Figure 2: Training set calibration curve. The slope of the calibration curve
is close to 1, indicating that the risk is in good agreement with the
actual risk.

Figure 3: Validation set calibration curve. The slope of the calibration
curve is close to 1, indicating that the risk is in good agreement with the
actual risk.

Figure 4: Training set roc curve. The area under the ROC curve is
approximately one, indicating that the prediction value is good.

1058 Dong et al.: A predictive model for PE recurrence in pregnant women



The results showed that there were statistically signifi-
cant differences between patients in the Recurrence group
and Non-recurrence group in age, gestational week starting
during the previous pregnancy, pregnancy interval, systolic
blood pressure during the previous pregnancy, and systolic
blood pressure during the previous pregnancy (p<0.05).
Multivariate logistic results further demonstrated that these
factors are independent influencing factors on recurrence.
One possible explanation for these findings is that as women
age, their physiological functions gradually decline and the
elasticity of their blood vessels decreases, potentially leading
to reduced adaptability to hypertension during pregnancy
[21–23]. Additionally, aging is associated with an increased
risk of various chronic diseases, which may further impact
blood pressure control during pregnancy [24, 25]. Earlier
onset of disease in a previous pregnancy may indicate more
severe impairment of endothelial function in pregnant
women, or the presence of some yet unidentified genetic
factors or pathophysiological processes [26–28]. These fac-
tors could be reactivated during a subsequent pregnancy,
leading to an earlier ormore severe onset of preeclampsia. A
shorter inter-pregnancy interval (less than 5 years) may
affect a woman’s physical recovery and adaptability. A short
interval might mean the body has not fully recovered before
becoming pregnant again, with previous pregnancy blood
pressure levels directly reflecting the woman’s blood pres-
sure condition [29–31]. Higher blood pressure levels may
indicate some degree of vascular dysfunction or damage,

which could persist or worsen in a subsequent pregnancy,
leading to the recurrence of preeclampsia.

This study constructed a mode (Logit(P)
=(0.910Age)+(0.987Age of onset of previous pregnan-
cy)+(1.167Gestational interval)+(1.186Systolic blood pressure
in previous pregnancy)+(0.970Diastolic blood pressure in
previous pregnancy) l to predict the risk of recurrent PE in
pregnant women with a history of PE. The model included
age, gestational age, gestational interval, systolic blood
pressure and diastolic blood pressure of previous pregnancy
as predictive factors.The results of the study show that
women with advanced age, shorter gestational weeks after
the onset of previous pregnancies, shorter pregnancy in-
tervals, and higher systolic and diastolic blood pressures in
previous pregnancies are at greater risk. The model built in
this study inputs data such as age, age of onset of first
pregnancy, pregnancy interval, systolic and diastolic blood
pressure of previous pregnancies, and the algorithm can
calculate the probability of recurrence risk. For example, a
35-year-old pregnant woman with a first pregnancy of
28 years, a pregnancy interval of 2 years, and a previous
pregnancy with a systolic blood pressure of 150 mmHg and a
diastolic blood pressure of 100 mmHg, put the data into the
model. The result is that at 337, the risk threshold indicates
that she has a high risk of recurrent PE. Doctors can add
preventive measures in advance to reduce the probability of
recurrence.The performance evaluation of the model shows
that the slope of the calibration curve is close to 1 in both the
training set and the verification set, which strongly indicates
that there is a good consistency between the risk predicted
by themodel and the actual observed risk. In the training set,
the results of ROC analysis showed that AUC of the model for
predicting recurrent preeclampsia was 0.898, and the stan-
dard error was 0.034 When the optimal truncation value is
set to 0.85, the sensitivity of the model is 93.4 % and the
specificity is 91.1 %, indicating that the model has high ac-
curacy in identifying pregnant women who will actually
have preeclampsia again. At the same time, the proportion of
women who mistakenly identify low-risk pregnant women
as high-risk is also relatively low. In the verification set, the
performance of the model is further verified. ROC analysis
results show that the AUC is as high as 0.991 and the standard
error is 0.001. When the optimal truncation value is 0.94, the
sensitivity of the model is 93.5 %, and the specificity is
100.0 %. The prediction model based on Logistic regression
shows good accuracy and reliability in predicting the risk of
recurrent PE in pregnant women with a history of pre-
eclampsia. It provides clinicians and pregnantwomenwith a
powerful tool to assess and manage the risk of second
pregnancy.

Figure 5: Validation set ROC curve. The area under the ROC curve is
approximately one, indicating that the prediction value is good.
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Limitation

Although this study has made some achievements in pre-
dicting the risk of This time the researchers, there are still
some shortcomings. First, the size and diversity of the sam-
ple could be limiting factors. Although an adequate number
of samples were collected as much as possible, a larger
sample size might provide more representative and stable
results. Additionally, the diversity of the sample may affect
the generalizability of the model, that is, the model’s pre-
dictive effectiveness across different populations. Further-
more, the validation and evaluation of the model also face
challenges. While this study used training and validation
sets to assess the model’s performance, more external
datasets and real-world application scenarios might reveal
limitations and deficiencies of the model in practical use.
Future research should aim to expand the sample size,
consider more potential influencing factors, and explore
more advanced predictive models and methods to enhance
prediction accuracy and stability.

Conclusions

To sum up, this study provides new ideas and tools for pre-
dicting, preventing and controlling the recurrence of pre-
eclampsia in pregnant women with a history of
preeclampsia. Through further research and practice, the
predictive model is combined with clinical practice to give
full play to its value.
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