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Background: Elevated B-type natriuretic peptide (BNP) is closely related to preeclampsia. Whether it is
a predictor of adverse outcomes in preeclampsia is unclear. This study aimed to investigate the relationship
between BNP and adverse outcomes of preeclampsia, and to establish the prediction models and nomograms
based on BNP.

Methods: A retrospective analysis was conducted involving 284 women with preeclampsia admitted to a
tertiary hospital from January 2017 to July 2019. Logistic regression and receiver operating characteristic
(ROC) curve were used to analyze the relationship between BNP and adverse outcomes. Multivariate logistic
regression was used to establish the models for predicting adverse outcomes. Then the nomogram and ROC
curve of the models were generated.

Results: In preeclampsia, BNP is a risk factor for adverse outcomes, and as the level of BNP increases,
the incidence of adverse outcomes increases. Preeclampsia with BNP >118 pg/mL was associated with a
significantly increased risk of adverse outcomes. The results showed that BNP has a predictive value for
adverse maternal outcomes, and the area under the ROC curve (AUC) was 0.739 [P<0.001, 95% confidence
interval (CI): 0.684-0.789]. Then, the prediction models for adverse maternal and perinatal outcomes based
on BNP combined with other multi-factors were established. The discriminative ability of the 2 models was
found to be good, the AUC was 0.844 (95% CI: 0.796-0.884) and 0.792 (95% CI: 0.740-0.838), respectively.
Therefore, BNP was shown to significantly improve the discriminative ability of the prediction models.
Conclusions: The BNP is an important risk factor for evaluating the adverse outcomes of preeclampsia.

Combined with multi-factors, BNP can be used to predict the adverse outcomes.
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Introduction hypertension (systolic blood pressure >140 mmHg and/

or diastolic blood pressure >90 mmHg) after 20 weeks
Preeclampsia (PE) is a common disease unique to pregnant of gestation with proteinuria, and/or any of the maternal
women, with an incidence of about 3-10% among all organs (such as heart, lung, liver and kidney) or systems
pregnancies (1). PE is mainly characterized by new-onset (such as blood system, digestive system and nervous system)
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dysfunction. Globally, PE and its related complications
are leading causes of maternal death. Approximately
12-25% of fetal growth restriction and 15-20% of preterm
infants are attributable to PE (1). The pathophysiological
changes of PE are complex, include genetic imprinting,
maternal immune intolerance, chronic placental ischemia
and hypoxia, lipoprotein toxicity, abnormal trophoblast
apoptosis and necrosis, and excessive inflammatory
response (2). Although medical progress has been made,
giving birth remains the only treatment for PE (3). For PE
women who are not at full term, premature termination of
pregnancy will increase the incidence of adverse outcomes in
preterm infants, but excessive prolongment of the expected
treatment time will increase the risk of adverse maternal and
fetal outcomes. How to maximize the gestational age as well
as benefits for the fetus while ensuring the safety of both
mothers and children is a still challenge.

Accurate risk prediction of high-risk obstetric patients
would enable physicians to tailor obstetric surveillance,
treatment, and birth plans for these patients. Therefore,
early prediction of adverse outcomes of PE is essential to
improve the prognosis of mothers and infants. In recent
years, researchers from various countries have devoted
themselves to exploring the prediction of adverse outcomes
of PE, and established some prediction models (4-8).
These predictive models have their own advantages and
disadvantages. How to screen out predictive indicators
with high efficiency from many clinical indicators,
especially indicators that are simple to use and conducive
to the detection of primary hospitals, is of great clinical
significance.

The neuroendocrine hormone, B-type natriuretic
peptide (BNP), is mainly synthesized and secreted by
the cardiac ventricles, and was first confirmed to play an
important role in the development of hypertension (9). In
recent years, studies have shown that the increased BNP
level is closely related to PE, and it has been believed that
BNP plays an important role in the pathophysiology of PE
(10-14). Some researchers have proposed that BNP can
be used as an indicator of the severity of PE or a predictor
of preeclampsia, and some clinicians use this to monitor
the condition changes of pregnant women with PE (15).
Therefore, BNP may be used as an indicator to predict
the adverse outcome of PE; however, few studies to date
have evaluated the role of BNP in the adverse outcomes of
women with PE.

In this study, we assessed the relationship between
BNP and adverse pregnancy outcomes of PE through
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retrospective analysis. Then, the predictors of adverse
outcomes in PE were further explored, and the prediction
model and nomogram for adverse outcomes based on BNP
were established, aiming to provide reference for clinical
prevention and treatment of PE complications and improve
pregnancy outcomes. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/apm-21-2981).

Methods
Study design

A retrospective analysis of pregnant women hospitalized
in The Second Hospital of Shandong University from
January 2017 to July 2019 was conducted. Women with
PE who were singleton and underwent BNP testing at
admission were selected as the research participants.
Their clinical characteristics, laboratory indicators, and
pregnancy outcomes were collected and we then studied
the relationship between BNP and adverse outcomes of PE,
and established the prediction models and nomograms for
adverse outcomes based on BNP.

The diagnostic criteria of PE were defined according to
the American College of Obstetricians and Gynecologists
(ACOG) guidelines (2). The diagnosis of PE was based
on new-onset hypertension (systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg)
after 20 weeks of gestation and the coexistence of 1 or
more of the following new-onset conditions: proteinuria
(300 mg or more per 24 h urine collection or urinary
protein dipstick >1+ or protein/creatinine ratio of 0.3
or more); thrombocytopenia (platelet count less than
100x10°/L); impaired liver function (blood concentration of
liver enzymes more than twice normal concentration); renal
insufficiency (serum creatinine concentration greater than
1.1 mg/dL or a doubling of the creatinine concentration in
the absence of other renal disease); severe persistent right
upper abdomen or epigastric pain (not accounted for by
alternative diagnoses); new-onset headache (unresponsive
to medicine and not accounted for by alternative diagnoses)
and visual disturbances (2). Women with severe blood
pressures (systolic blood pressure >160 mmHg, or diastolic
blood pressure >110 mmHg) and/or with the conditions
above were diagnosed with PE with severe features (2).
According to the gestational age at disease onset, PE
was divided into early-onset PE (before 34th gestational
week) and late-onset PE (after 34th gestational week). The

Ann Palliat Med 2021;10(12):12190-12207 | https://dx.doi.org/10.21037/apm-21-2981



12192

Hong et al. Prediction of adverse outcomes in preeclampsia based on BNP

PE diagnosed on admission
N=461

Meet the exclusion criteria

N=135

Meet the inclusion criteria
N=326

BNP was not detected or missed

N=42

PE included in the study
N=284

PE with adverse PE without adverse
maternal outcomes

N=89

maternal outcomes
N=195

PE with adverse PE without adverse
perinatal outcomes

N=76

perinatal outcomes
N=208

Figure 1 Flow chart of recruitment of women with preeclampsia. PE, preeclampsia; BNP, brain natriuretic peptide.

exclusion criteria were as follows: twin pregnancy, multiple
pregnancy, fetal malformations, use of assisted reproductive
technology, combined with diabetes, cardiovascular disease,
immune system disease, liver and kidney disease, blood
system disease, malignant tumor, and so on.

Finally, 284 women with PE were included in the study.
According to the occurrence of adverse outcomes, women
with PE were divided into a with adverse outcomes group
and without adverse outcomes group (Figure 1). This
study was conducted retrospectively from data obtained
for clinical purposes. The women with PE were followed
up from admission, and the end point of the follow-up
was discharge. The study was performed in accordance
with the Declaration of Helsinki (as revised in 2013) and
was approved by the Ethics Committee of the Second
Hospital of Shandong University (approval number:
KYLL-2021LWO012). As this was a retrospective study, the

informed consent of each participant was not required.

Data collection

The following data were collected from participant medical
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records: (I) basic characteristics at admission: maternal age,
parity, body mass index (BMI), and gestational age (GA); (II)
symptoms and signs at admission: systolic blood pressure
(SBP), diastolic blood pressure (DBP), edema, fundus
arteriovenous ratio, headache, visual disturbances, chest
tightness, nausea, and vomiting; (III) laboratory indicators:
BNP, proteinuria, hematocrit (HCT), hemoglobin
(HB), platelets (PLT), fibrinogen (FIB), activated partial
thromboplastin time (APTT), thrombin time (TT),
prothrombin time (PT), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase
(LDH), plasma albumin (ALB), blood urea nitrogen (BUN),
blood creatinine (CR), and uric acid (UA); (IV) Perinatal
infant characteristics: newborn weight and 1-minute Apgar
scores.

BNP measurement

Laboratory indicators including BNP were detected
within 24 h after admission. The detection was carried out
within 24 h after blood collection to ensure the accuracy
and stability of the results. For BNP measurement,
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3 mL of whole blood was collected into tubes containing
ethylenediamine tetraacetic acid (EDTA). The BNP
levels were measured by Alere Triage BNP test (Quidel
Cardiovascular Inc., Shanghai, China). The test is a double
antibody sandwich enzyme immunoassay using mouse
anti-human BNP monoclonal antibody to quantitatively
detect BNP. The measurements of BNP in the range from
1 to 5,000 pg/mL can be accurately measured. The 95%
confidence limit of the analytical sensitivity is less than
1 pg/mL. Any HB, FIB, lipids, and bilirubin added to
plasma containing BNP did not interfere with BNP results.
The test showed coefficients of variation of 1.1-6.6%
intra-assay imprecision and 2.1-6.7% total imprecision at
24.5-3,966.2 pg/mL.

Definition of adverse outcomes

In our study, adverse pregnancy outcomes include adverse
maternal outcomes and adverse perinatal outcomes. Adverse
maternal outcomes included eclampsia, placental abruption,
hemolysis, elevated liver enzymes, and low platelets
syndrome (HELLP syndrome), cardiac insufficiency,
abnormal liver function (the liver enzyme greater than
3 times the normal value, and the normal value is about
40 U/L), acute renal insufficiency (creatinine greater
than 150 pmol/L), central nervous system complications
(such as cerebral hemorrhage and reversible posterior
encephalopathy syndrome), body cavity effusion (new-
onset pleural effusion, pericardial effusion and ascites),
and pulmonary hypertension (the mean pulmonary artery
pressure more than 25 mmHg at rest). Adverse perinatal
outcomes included small for gestation age (SGA; an infant
with birth weight below the 10th percentile of the average
weight of the same gestational age), fetal distress, fetal death,
stillbirth, oligohydramnios, and neonatal asphyxia (1-min
Apgar scores <7 and umbilical blood pH <7.20).

Statistical analysis

The software SPSS version 22.0 (IBM Corp., Armonk,
NY, USA) was used for data analysis. Categorical variables
were recorded by absolute numbers (percentage), and the
comparisons between groups were performed with the
Pearson’s chi-square or Fisher’s exact tests. Continuous
variables were calculated by median (interquartile
ranges, IQR) or mean = standard deviation (SD), and the
comparisons between groups were analyzed using rank sum
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test or ¢-test.

To study the relationship between BNP and adverse
outcomes, we stratified BNP according to the quartile.
We also performed univariate logistic regression analysis
and drew the receiver operating characteristic (ROC)
curve between BNP and adverse outcomes to evaluate the
predictive efficacy of BNP for adverse outcomes.

The univariate analysis was performed on the relevant
variables for adverse outcomes, variables that were
significant at a level of 0.10 were incorporated into the
multivariate logistics regression analysis, and the stepwise
method was used to determine the final prediction model.
In order to evaluate the discriminative performance of
the prediction model, the ROC curve was drawn and the
area under the curve (AUC) was calculated. To evaluate
the calibration performance of the prediction model, a
calibration curve was drawn. Comparisons of AUCs were
performed with MedCalc statistical software (version 19.7;
https://www.medcalc.org/).

The variables included in the prediction model
were introduced into R software (version 3.5.3; https://
www.r-project.org/) to draw the nomogram. To use the
nomogram, the position of each variable was located on
the corresponding axis; a vertical line was drawn from this
position to the points axis; the corresponding points of each
variable were determined; the points of all variables were
summed; and a vertical line was drawn from the total points
axis to determine the occurrence probability of adverse
events in the lower line of the nomogram.

All tests were 2-sided, and P value <0.05 was considered
statistically significant.

Results
Characteristics of the population in the study

During the study period, 461 women were diagnosed with
PE at admission, among whom 284 women were finally
eligible for the study. Among the 284 women with PE,
89 (31.3%) cases had adverse maternal outcomes and 76
(26.8%) cases had perinatal adverse outcomes (Figure I).
The characteristics of the women with and without adverse
outcomes are shown in Tables 1,2. There was no significant
difference in age, parity, and BMI between PE women with
or without adverse maternal outcomes. The PE women
with adverse perinatal outcomes were older and had lower
BMI, while their newborns had lower body weight and
1-min Apgar score.
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Table 1 The baseline characteristics of preeclampsia with and without adverse maternal outcomes

Adverse maternal outcomes

Variable P value
Without (n=195) With (n=89)
Age (years) 31.95+5.80 32.21+5.42 0.716
BMI (kg/m?) 32.04+4.78 31.70+4.84 0.582
GA at admission (weeks) 36.60+2.73 33.19+3.46 <0.001
Parity 0.378
1 70 (35.90) 26 (29.21)
2 114 (58.46) 55 (61.80)
>2 11 (5.64) 8(8.99)

Continuous variables are presented as mean + SD; categorical variables are presented as number (%). P, Pearson’s chi-square test for
categorical variables and t-test for continuous variables. BMI, body mass index; GA, gestational age.

Table 2 Baseline characteristics of preeclampsia with and without adverse perinatal outcomes

Perinatal outcomes

Variable P value
Without (n=208) With (n=76)
Age (years) 31.57+5.59 33.30+5.74 0.022
BMI (kg/m?) 32.38+4.80 30.71+4.58 0.009
GA at admission (weeks) 36.36+3.00 33.26+3.28 <0.001
Parity 0.268
1 76 (36.54) 20 (26.32)
2 119 (57.21) 50 (65.79)
>2 13 (6.25) 6 (7.89)
Newborn weight 2,880.14+848.42 1,737.81+£631.40 <0.001
1-minute Apgar scores 9.73+0.94 8.47+2.77 <0.001

Continuous variables are presented as mean + SD; categorical variables are presented as number (%). P, Pearson’s chi-square test for
categorical variables and t test for continuous variables. BMI, body mass index; GA, gestational age.

In addition, we compared the indicators and adverse
outcomes between PE with and without severe features,
early-onset PE and late-onset PE. There was no significant
difference in age, parity, and BMI between early-onset PE
and late-onset PE (Table S1). Compared with late-onset
PE, the risk of adverse maternal and perinatal outcomes in
early-onset PE were increased, and the birth weight and
1-minute Apgar score of newborns were lower (Table S2).
Compared with PE without severe features, PE with severe
features were older, the rate of multipara was higher, the
risk of adverse maternal and perinatal outcomes were
increased, and the birth weight and 1-minute Apgar score
of newborns were lower (Tables S3,54).
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BNP levels in PE with and without adverse outcomes

The difference of BNP levels between PE women with
and without adverse outcomes were compared. The BNP
levels in PE with adverse maternal outcomes (114 pg/mL)
were higher than those without adverse maternal outcomes
(51 pg/mL) (Figure 2A4). The BNP levels in women with
PE with adverse perinatal outcomes (81 pg/mL) were also
higher than those without adverse perinatal outcomes
(54 pg/mL) (Figure 2B).

In addition, we compared the BNP levels between PE
with and without severe features, early-onset PE and late-
onset PE. Compared with late-onset PE (54 pg/mL), the
BNP levels in early-onset PE (77.5 pg/mL) were higher
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Figure 2 Comparison of BNP levels in PE with and without adverse outcomes. (A) Box plot of BNP levels in PE with or without adverse

maternal outcomes; (B) box plot of BNP levels in PE with or without adverse perinatal outcomes. **P<0.05, compared to without adverse

outcomes. BNP, brain natriuretic peptide; PE, preeclampsia.

Table 3 Univariate analysis of the BNP affecting adverse maternal outcomes in preeclampsia

Variable § OR (95% Cl) P value
BNP 0.000
<30 Reference Reference
>30-65 0.491 1.634 (0.679-3.933) 0.273
>65-118 0.872 2.392 (1.027-5.571) 0.043
>118 2.297 9.941 (4.367-22.630) <0.001

BNP, brain natriuretic peptide; OR, odds ratio; Cl, confidence interval.

(Table S1). Compared with PE without severe features
(27 pg/mL), PE with severe features had higher BNP levels
(80 pg/mL) (Table S3).

Prediction of adverse outcomes with BNP

To study the relationship between BNP and adverse
outcomes, we stratified BNP according to the quartile.
The univariate logistic regression showed that BNP is a
risk factor for adverse maternal and perinatal outcomes.
A level of BNP <30 pg/mL was used as the reference
group, and as the level of BNP increased, the incidence of
adverse outcomes increased. The risk of adverse maternal
outcomes in PE with BNP >118 pg/mL was 9.941 times
higher than in the reference group [odds ratio (OR) =9.941,
95% confidence interval (CI): 4.367-22.630] (Tuable 3).
The risk of adverse perinatal outcomes in PE with BNP
>118 pg/mL was 4.270 times higher than in the reference
group (OR =4.270, 95% CI: 1.964-9.280) (Tuble 4). The
ROC curve was used to analyze the predictive ability of
BNP for adverse maternal outcomes, and the AUC was
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0.739 (P<0.001, 95% CI: 0.684-0.789) (Figure 34). The
AUC of BNP for adverse perinatal outcomes was 0.642
(P<0.001, 95% CI: 0.583-0.698) (Figure 3B).

The univariate analysis of related factors affecting adverse
outcomes

The univariate analysis was conducted on the related factors
affecting adverse maternal outcomes, and significant factors
were shown to include SBP, DBP, BNP, PLT, TT, AST,
ALT, ALB, BUN, CR, UA, LDH, edema, proteinuria,
headache, visual disturbances, nausea, and vomiting
(Tables 1,5). Significant factors that affected the adverse
outcome of perinatal infants were shown to include maternal
age, BMI, SBP, DBP, BNP, HHCT, HB, T'T, AST, ALT, ALB,
BUN, CR, UA, LDH, edema, and proteinuria (7ables 2,6).

Prediction of adverse outcomes with BNP combined with
maultiple factors

After multivariate logistics regression analysis, the factors
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Table 4 Univariate analysis of the BNP affecting adverse perinatal outcomes in preeclampsia

Variable B OR (95% Cl) P value
BNP 0.000
<30 Reference Reference
>30-65 0.275 1.317 (0.567-3.058) 0.522
>65-118 0.358 1.430 (0.621-3.293) 0.400
>118 1.452 4.270 (1.964-9.280) <0.001

BNP, brain natriuretic peptide; OR, odds ratio; Cl, confidence interval.
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Figure 3 ROC curves analysis of BNP for predicting adverse outcomes in PE. (A) ROC curve analysis for BNP and adverse maternal
outcomes; (B) ROC curve analysis for BNP and adverse perinatal outcomes. ROC, receiver operating characteristic; AUC, area under the
curve; CI, confidence interval; BNP, brain natriuretic peptide; PE, preeclampsia.

including BNP, SBP, AST, ALB, and CR were incorporated
in the predictive model of adverse maternal outcomes
(Table 7). These factors were applied to construct the
nomogram (Figure 44). The ROC curve and calibration
curve of the model were drawn. As a result, the model
showed good discriminating ability, and the AUC was
0.844 (P<0.001, 95% CI: 0.796-0.884) (Figure 4B). The
calibration curve indicated good calibration between
observed probability and predicted probability (Figure 4C).

The factors included in the predictive model of adverse
perinatal outcomes were: BNP, age, HB, BMI, and
proteinuria (7Table §). The nomogram was constructed
based on the above factors (Figure 5A4). The model was also
found to have good discriminating ability, and its AUC was
0.792 (P<0.001, 95% CI: 0.740-0.838) (Figure 5B). The
calibration of the model was also good (Figure 5C).

In order to clarify the important role of BNP in the
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predictive model, we drew the ROC curves of other factors
in the predictive model except BNP, calculated their AUCs,
and then compared them with the AUCs of the models
containing BNP. For the adverse maternal outcomes,
the AUC of the model with BNP was 0.844, which was
significantly higher than that of the model without BNP
(AUC =0.790, P=0.0017; Figure 6A4). For the adverse
perinatal outcomes, the AUC of the model with BNP (AUC
=0.792) was also higher than that of the model without
BNP (AUC =0.764, P=0.0374; Figure 6B).

Discussion
Main findings

First, our data show that the PE women with adverse
outcomes had higher BNP levels on admission. Second,
BNP was shown to be a risk factor for adverse outcomes,
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Table 5 Univariate analysis of the factors affecting adverse maternal outcomes in preeclampsia
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Adverse maternal outcomes

Variable P value
Without (n=195) With (n=89)

SBP (mmHg) 158.80+18.35 170.25+20.81 <0.001
DBP (mmHg) 101.96+13.41 108.48+14.15 <0.001
BNP (pg/mL) 51.00 (25.00-89.00) 114.00 (54.00-289.00) <0.001
HCT (%) 36.10+3.83 35.77+5.74 0.623
HB (g/L) 118.54+14.87 118.46+21.86 0.974
PLT (10°/L) 219.86+62.72 198.40+88.45 0.041
FIB (g/L) 4.12+0.70 4.03+0.92 0.360
APTT (s) 27.03+2.30 27.55+2.71 0.098
TT (s) 13.90+1.42 14.87+1.81 <0.001
PT (s) 10.73+0.54 10.77+0.56 0.514
AST (U/L) 19.80 (13.00-25.80) 24.70 (14.75-39.70) 0.003
ALT (U/L) 19.00 (16.00-26.00) 26.30 (18.35-40.25) <0.001
ALB (g/L) 32.24+4.80 28.27+4.81 <0.001
BUN (mmol/L) 4.15+1.17 4.95+1.75 <0.001
CR (umol/L) 52.42+11.24 62.16+16.00 <0.001
UA (umol/L) 343.06+89.85 401.54+87.04 <0.001
LDH (U/L) 215.00 (190.00-272.00) 266.00 (226.50-378.50) <0.001
Edema <0.001

0+ 74 (37.95) 15 (16.85)

1+ 68 (34.87) 24 (26.97)

2+ 36 (18.46) 29 (32.58)

3+ 14 (7.18) 14 (15.73)

4+ 3 (1.54) 7 (7.86)
ANV of fundus 0.112

2:3 81 (52.94) 29 (37.18)

1:2 48 (31.37) 33 (42.31)

1:3 21 (13.73) 15 (19.23)

1:4 3(1.96) 1(1.28)
Proteinuria <0.001

Negative 20 (10.26) 2 (2.25)

1+-2+ 114 (58.46) 28 (31.46)

3+ 37 (18.97) 37 (41.57)

4+ 24 (12.31) 22 (24.72)
Table 5 (continued)
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Table 5 (continued)
Adverse maternal outcomes
Variable P value
Without (n=195) With (n=89)

Headache 0.040
Yes 20 (10.26) 17 (19.10)
No 175 (89.74) 72 (80.90)

Visual disturbances <0.001
Yes 11 (5.64) 17 (19.10)
No 184 (94.36) 72 (80.90)

Chest tightness 0.303
Yes 8 (4.10) 7 (7.87)
No 187 (95.90) 82 (92.13)

Nausea or vomiting 0.006
Yes 1(0.51) 6 (6.74)
No 194 (99.49) 83 (93.26)

Continuous variables are presented as mean + SD or median (IQR); categorical variables are presented as number (%). P, Pearson’s chi-
square test or Fisher’s exact tests for categorical variables and t-test or rank sum test for continuous variables. ALB, serum albumin;
ALT, alanine transaminase; APTT, activated partial thromboplastin time; AST, aspartate transaminase; A/V, arteriovenous ratio; BNP,
brain natriuretic peptide; BUN, blood urea nitrogen; CR, creatinine; DBP, diastolic blood pressure; FIB, fibrinogen; HB, hemoglobin; HCT,
hematocrit; LDH, lactate dehydrogenase; PLT, platelets; PT, prothrombin time; SBP, systolic blood pressure; TT, thrombin time; UA, uric

acid.

Table 6 Univariate analysis of the factors affecting adverse perinatal outcomes in preeclampsia

Adverse perinatal outcomes

Variable P value
Without (n=208) With (n=76)

SBP (mmHg) 160.44+18.71 167.71£21.92 0.011

DBP (mmHg) 102.53+13.44 108.04+14.63 0.003

BNP (pg/mL) 54.00 (27.00-99.25) 81.10 (37.50-257.25) <0.001
HCT (%) 35.58+4.39 37.14+4.65 0.010

HB (g/L) 116.51+16.69 124.03+17.93 0.001

PLT (10°/L) 215.10+68.69 207.76+81.65 0.450

FIB (g/L) 4.13+0.75 3.99+0.83 0.155
APTT (s) 27.13+2.45 27.37+2.42 0.472

TT (s) 14.04+1.68 14.66+1.32 0.004
PT (s) 10.74+0.54 10.74+0.57 0.951

AST (U/L) 19.45 (13.00-27.18) 24.60 (17.93-34.00) 0.001

ALT (U/L) 20.00 (16.00-27.00) 23.00 (18.00-37.15) 0.002
ALB (g/L) 31.56+5.07 29.45+5.03 0.002
Table 6 (continued)

© Annals of Palliative Medicine. All rights reserved.
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Table 6 (continued)
Adverse perinatal outcomes
Variable P value
Without (n=208) With (n=76)
BUN (mmol/L) 4.19+1.14 4.98+1.90 0.001
CR (umol/L) 53.83+12.40 59.98+15.88 0.003
UA (umol/L) 352.79+89.24 384.91+99.60 0.010
LDH (U/L) 229.00 (197.00-276.75) 266.00 (214.25-361.75) 0.010
Edema 0.055
0+ 67 (32.21) 22 (28.95)
1+ 74 (35.58) 18 (23.68)
2+ 46 (22.12) 19 (25.00)
3+ 15 (7.21) 13 (17.11)
4+ 6 (2.88) 4 (5.26)
A/V of fundus 0.907
2:3 81 (48.50) 29 (45.31)
1:2 56 (33.53) 25 (39.06)
1:3 27 (16.17) 9 (14.06)
1:4 3(1.80) 1(1.56)
Proteinuria <0.001
Negative 19 (9.13) 3(3.95)
1+-2+ 122 (58.65) 20 (26.31)
3+ 43 (20.67) 31 (40.79)
4+ 24 (11.54) 22 (28.95)
Headache 0.217
Yes 24 (11.54) 13 (17.10)
No 184 (88.46) 63 (82.90)
Visual disturbances 0.115
Yes 17 (8.17) 11 (14.47)
No 191 (91.83) 65 (85.53)
Chest tightness 0.132
Yes 14 (6.73) 1(1.32)
No 194 (93.27) 75 (98.68)
Nausea or vomiting 0.588
Yes 4(1.92) 3 (3.95)
No 204 (98.08) 73 (96.05)

Continuous variables are presented as mean + SD or median (IQR); categorical variables are presented as number (%). P value, Pearson’s
chi-square test or Fisher’s exact tests for categorical variables and t-test or rank sum test for continuous variables. ALB, serum albumin; ALT,
alanine transaminase; APTT, activated partial thromboplastin time; AST, aspartate transaminase; A/V, arteriovenous ratio; BNP, brain natriuretic
peptide; BUN, blood urea nitrogen; CR, creatinine; DBP, diastolic blood pressure; FIB, fibrinogen; HB, hemoglobin; HCT, hematocrit; LDH, lactate

dehydrogenase; PLT, platelets; PT, prothrombin time; SBP, systolic blood pressure; TT, thrombin time; UA, uric acid.

© Annals of Palliative Medicine. All rights reserved.
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Table 7 Multivariate analysis of the factors predicting adverse maternal outcomes in preeclampsia

Variable § OR (95% ClI) P value
BNP 0.008 1.008 (1.004-1.011) 0.000
ALB —-0.085 0.918 (0.857-0.984) 0.016
AST 0.013 1.013 (1.002-1.023) 0.015
CR 0.041 1.042 (1.015-1.069) 0.002
SBP 0.019 1.020 (1.002-1.037) 0.025

BNP, brain natriuretic peptide; ALB, serum albumin; AST, aspartate transaminase; CR, creatinine; SBP, systolic blood pressure; OR, odds

ratio; Cl, confidence interval.
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Figure 4 Assessment of the predictive model for

Predicted probability

adverse maternal outcomes. (A) Nomogram of the predictive model; (B) ROC curve of the

predictive model; (C) calibration curve of the predictive model. BNP, brain natriuretic peptide; SBP, systolic blood pressure; ALB, serum albumin;

CR, creatinine; AST, aspartate transaminase; ROC,
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receiver operating characteristic; AUC, area under the curve; CI, confidence interval.
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Table 8 Multivariate analysis of the factors predicting adverse perinatal outcomes in preeclampsia

Variable B OR (95% Cl) P value
BNP 0.003 1.003 (1.001-1.005) 0.003
Age 0.069 1.072 (1.015-1.132) 0.013
BMI -0.089 0.915 (0.854-0.980) 0.011
HB 0.031 1.032 (1.012-1.052) 0.001
Proteinuria 0.000
Negative Reference Reference
1+-2+ -0.008 0.992 (0.255-3.859) 0.991
3+ 1.323 3.753 (0.957-14.719) 0.058
4+ 1.456 4.288 (1.020-18.036) 0.047

BNP, brain natriuretic peptide; BMI, body mass index; HB, hemoglobin; OR, odds ratio; Cl, confidence interval.

and as the level of BNP increased, the incidence of adverse
outcomes increased. The BNP was shown to have a
certain predictive value for adverse maternal outcomes
(AUC =0.739). Third, BNP can combine with clinical
features and laboratory indicators to construct predictive
models for adverse maternal and perinatal outcomes, and
BNP was found to play an important role in the models.
Both the discrimination and calibration capabilities of the
predictive models were good (AUCs were 0.844 and 0.792,
respectively).

Interpretation

The BNP is mainly synthesized and secreted by ventricular
myocytes, and it also shows paracrine effects in many
other tissues, such as placenta, amniotic membrane, and
amniotic fluid (14,16-18). During normal pregnancy, BNP
is maintained at a relatively low level (a median level of
<20 pg/mL) (12,19). However, the PE women were
shown to have significantly higher BNP levels in the third
trimester (10-14). The BNP level of PE with severe features
was higher than that of PE without severe features (10,12),
while the BNP of early-onset PE was higher than late-
onset PE (11,14). Our results were consistent with those of
the previous studies. Previous studies had also shown that
BNP levels in women with PE were higher than those in
women with gestational hypertension, but the comparison
of BNP levels between gestational hypertension and normal
pregnancy were inconsistent. Some studies showed that the
BNP levels in gestational hypertension were higher than
that in normal pregnancy (20-22), while others considered

© Annals of Palliative Medicine. All rights reserved.

that there was no significant difference in BNP levels
between them (12,23). Our study was retrospective, and
there were few patients with gestational hypertension who
received BNP testing at admission, so we did not analyze
this population.

To date, it is still unclear why BNP is increased in PE,
but some reasoning may explain that. On the one hand,
the placenta can produce BNP, and hypoxia can induce
the expression of extracardiac BNP, suggesting that the
increase of BNP in PE may be the consequence and defense
mechanism of placental hypoxia (11). On the other hand,
the effects of cardiovascular changes, placental dysfunction,
and increased placental circulation resistance on the cardiac
system in PE are thought to be responsible for the increase
release of BNP by ventricle (10).

Studies on BNP in PE have mainly focused on its
diagnosis or prediction of the disease and its relationship
with the associated cardiovascular complications. In PE,
the BNP levels reflect the severity of the PE (10-14), and
elevated BNP levels are associated with ventricular systolic
or diastolic dysfunction (24-26). Kumari e 4/. (13) found
that BNP levels in women with chronic hypertension
and gestational hypertension who later superimposed or
progressed to PE were significantly higher than those who
did not develop PE, and the ROC curve analysis showed
that BNP had a good value in predicting the development
of PE in the study population (AUC =0.7406, 95% CI:
0.6543-0.827, P<0.0001). Therefore, BNP can be used
as an indicator of the severity of PE and to monitor the
condition changes.

However, few studies have focused on the relationship
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12202 Hong et al. Prediction of adverse outcomes in preeclampsia based on BNP
A 0 10 20 30 40 50 60 70 80 90 100
POIntS L 1 1 1 1 1 L 1 1 L J
BNP " r T T T T T * v )

0 100 200 300 400 500 600 700 800 900
BMI r T T T T T v )
50 45 40 35 30 25 20 15
Age r T T T T T T Y
15 20 25 30 35 50 45 50
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
- ++++
Proteinuria t =
+—++ +++
Total points " T g v v T v T T v v T v v y
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Risk of adverse neonatal outcomes r y T — T "
0.01 0.05 0.1 0.2 0.30.4050.60.7 08 09 095
B C
ROC curve Calibration plot
100 1.0
0.9 4
80 1 0.8 1
2 *®
X 3 0.7
- i ©
Z 60 206
= s
8 8 0.5
G 407 £ 0.4 *
$ 0.
1%} ¢
8 0.3 .
20 024 o
AUC =0.792 (95% Cl: 0.740-0.838) 01 -
P<0.001 : ¢
0 -
T T T T T 0.0 T T T T T T T T T 1
0 20 4b 60 80 100 0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0

100-Specificity, %

Predicted probability

Figure 5 Assessment of the predictive model for adverse perinatal outcomes. (A) Nomogram of the predictive model; (B) ROC curve of the
predictive model; (C) calibration curve of the predictive model. BNP, brain natriuretic peptide; BMI, body mass index; HB, hemoglobin; ROC,

receiver operating characteristic; AUC, area under the curve; CI, confidence interval.

between BNP and adverse pregnancy outcomes of PE. A
retrospective analysis showed that the increase of BNP was
related to cardiovascular complications and preterm birth
in PE (27). Giannubilo ez 4/. (28) showed that the BNP
level in PE was negatively correlated with the weight of
the newborn, while the BNP level in those patients with
intrauterine growth restriction (IUGR) was even higher.
Another study showed that BNP had a relatively high
predictive value for the occurrence of adverse outcomes
in early-onset PE (AUC =0.944), but the outcomes were
limited to giving birth in short time, stillbirth, or early

© Annals of Palliative Medicine. All rights reserved.

neonatal death (29). Pulmonary interstitial syndrome
(PIS) was detected in 25% of PE women with severe
features, which was associated with increased maternal and
neonatal morbidity and mortality (30). Cardiac dysfunction
plays an important role in the occurrence of PIS, and
the BNP level has good specificity in predicting cardiac
dysfunction. Therefore, the BNP level can indirectly reflect
the occurrence of PIS (24). The study by Yu er al. (31)
used velocity vector imaging combined with BNP levels
to study the ventricular functions of fetuses in women
with PE, showed that the fetuses of mothers with PE had
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the curve.

biventricular diastolic and systolic dysfunction, and the
increase of fetal umbilical vein BNP levels were significantly
correlated with the dysfunction (Spearman coefficient was
0.615-0.703).

Our study is the first to evaluate the value of BNP in
predicting the comprehensive adverse maternal and perinatal
outcomes of PE. The PE women with adverse outcomes
had significantly higher BNP levels than PE women
without adverse outcomes (Figure 2). With the increase
of BNP, the risk of adverse outcomes of PE increased,
and PE with BNP >118 pg/mL was associated with a
significantly increased risk of adverse maternal (OR =9.941)
and perinatal outcomes (OR =4.270), in comparison with
BNP <30 pg/mL. The BNP had better predictive ability
for adverse maternal outcomes (AUC =0.739), but poorer
predictive ability for adverse perinatal outcomes (AUC
=0.642). Therefore, we cannot predict adverse outcomes
only by BNP, and it is necessary to combine multiple
factors to predict the occurrence of adverse outcomes.
Finally, we established the predictive models based on
BNP and muldple clinical indicators, and ROC curves and
calibration curves were used to evaluate the discrimination
ability and calibration ability of the prediction models. The
results showed that both the discrimination and calibration
capabilities of the models are good (AUCs were 0.844 and
0.792, respectively). Therefore, we believe that monitoring
BNP levels can identify high-risk women, for whom we
can then provide further examination and treatment, and
terminate the pregnancy in time to prevent serious adverse

© Annals of Palliative Medicine. All rights reserved.

pregnancy outcomes.

Our prediction model includes not only BNP, but also
some established markers of adverse outcomes. Other
factors in the prediction model of maternal outcomes
are SBP, AST, CR, and ALB. The results of our model
are consistent with those of some established models
(4-8,32-34), indicating that elevated SBP, AST, and CR
levels as well as reduced ALB levels predict the increase of
adverse maternal outcomes, so changes in these indicators
need to be closely monitored during clinical treatment.
Other factors in the prediction model of perinatal outcomes
were maternal age, HB, BMI, and proteinuria. There is
an “inverted U-shaped” association between maternal
hemoglobin levels and newborn birth weight (35), whereby
the higher the hemoglobin (HB >120 g/L) of women with
preeclampsia, the higher the incidence of low birth-weight
infants (36,37), which is consistent with the results of our
study. There is controversy regarding the predictive role
of proteinuria on adverse outcomes in PE. Some studies
have suggested that proteinuria is a good indicator for
predicting adverse outcomes (6,32,38), but others have
shown otherwise (39). In PE, the women with proteinuria
>3 g/24 h had a lower birth weight, while the women with
proteinuria >5 g/24 h had a significantly higher incidence
of fetal growth restriction or stillbirth (40). Proteinuria
was closely associated with adverse fetal outcomes
(r=0.336, P<0.001), which suggested that proteinuria may
have indirect predictive value for adverse outcomes (41).
Our study showed that when PE women have obvious
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proteinuria, the risk of perinatal adverse outcomes will
increase. Although the latest guidelines have diminished the
role of proteinuria in PE, it does not refute the significance
of it in the disease. The degree of proteinuria cannot be
used as a single indication for termination of pregnancy,
but it can still reflect renal damage, and large amounts of
proteinuria can lead to hypoalbuminemia, thereby affecting
the outcome of PE. Increasing age was a risk factor for
adverse perinatal outcomes in our study (OR: 1.072, 95%
CI: 1.015-1.132), which was the same as other studies (6,7).
Study had shown that in women >35 years old, the risk
of adverse outcomes such as stillbirth, preterm birth and
low birth weight was higher than that in the control group
(20-34 years old) (42). And the incidence of low birth weight
in women > 40 years old was 1.51 times higher than that in
women 235 years old (43). Our study showed that the GA at
admission for PE with adverse outcomes were smaller than
those without adverse outcomes, so that adverse outcomes
were occurring in PE at earlier GA. But we wanted to study
that whether we could use the indicators other than GA
to predict adverse outcomes. Therefore, at the same GA,
adverse outcomes can be predicted based on the severity
of these indicators, allowing individualized treatment. So,
GA was not included in our final models. However, we also
conducted ROC curve analysis and calculated the AUC for
the prediction model containing GA, and found that there
was no significant statistical difference between the AUC of
the prediction model containing GA and that of our final
prediction model.

In recent years, researchers have established some multi-
factor prediction models for the adverse outcomes of PE
(4-8). These models all have good prediction performance,
and their AUCs range from 0.76 to 0.88. Our prediction
model achieved similar prediction performance to previous
models (AUC was 0.844 and 0.792). We constructed a
nomogram using the factors in the prediction model. We
assigned scores to each factor according to its contribution
to adverse outcomes, add the scores of each factor we
combined to obtain a total score, which was then converted
to the incidence of adverse outcomes to calculate the
individual probability of adverse outcomes. In this way, the
risk assessment of adverse outcomes can be more intuitively
provided for individuals.

Strengths and limitations of research

Our study was the first to comprehensively research the role
of BNP in predicting adverse outcomes of PE, establish
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a prediction model for adverse outcomes based on BNP,
and construct a nomogram. The factors we selected in
the predictive models are commonly detected by most
laboratories and easily collected by physicians. Using
them, we can predict the adverse pregnancy outcomes
in PE women on admission and high-risk women can be
identified early, which can give physicians sufficient time
for risk assessment and clinical intervention. However, the
performance of the prediction model depends heavily on
the study population and the selected predictors, so further
external validation of our prediction models will be required
before applying them throughout different healthcare
institutions and the wider population.

"The definition of adverse outcomes in this study included
not only the severe maternal complications in the fullPIERS
model (4), but also some non-serious adverse outcomes
(such as body cavity effusion, pulmonary hypertension, and
so on). We also predicted the adverse perinatal outcomes.
These non-serious adverse outcomes may have short- and
long-term adverse effects on mothers and newborns, and
are also worthy of clinical monitoring and attention.

There are some limitations in this study. Our study
included urine protein dipstick as a variable rather than
24 h urine protein, because the 24 h urine collections had
been conducted in fewer than 70% of the participants. In the
real word, we believe that clinicians faced with PE women
with proteinuria on dipstick analysis at term or PE women
with severe symptoms will decide to proceed with birth as
soon as possible as opposed to waiting for the additional
24 h urine collection (4). Therefore, we suggest that dipstick
proteinuria, despite its shortcomings, can also be used to
screen and identify women at risk. The sample size of the
study population and adverse outcomes was limited. As
this study was a single-center, retrospective study, we can
only analyze the recorded variables, which may have caused
selection bias. In addition, only internal verification was
performed in our study. Hence, hopefully in the future,
multi-center, large-sample, prospective research, and
external verification can be conducted to further clarify the
role of BNP in the predicting adverse pregnancy outcomes.
A further limitation of the study is that BNP has already
been used as one of the monitoring indicators for the
severity of PE in our research institution, where BNP levels
affect the decisions on clinical intervention and the timing
of termination of pregnancy. Therefore, the relatively low
prediction accuracy of BNP may have been partly due to
intervention bias. However, we believe that the real-world
data approach should be conducted in this way.
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Conclusions

The level of BNP is one of the important risk factors for
evaluating the adverse outcomes of PE. It can combine with
multiple clinical indicators to predict the adverse pregnancy
outcomes of PE. Therefore, the presence of significantly
elevated BNP in PE accompanied by abnormalities
of multiple indicators often suggests poor pregnancy
outcomes, suggesting that early identification and
prevention of adverse outcomes should be paid attention to
during treatment.
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Supplementary

Table S1 The clinical and laboratory indicators in early-onset preeclampsia and late-onset preeclampsia

Variable Early-onset PE (n=150) Late-onset PE (n=134) P value
Age (years) 32.01+5.51 32.06+5.87 0.938
BMI (kg/m?) 31.76+4.81 32.13+4.79 0.521
GA at admission (weeks) 33.64+3.37 37.65+1.68 <0.001
Parity 0.365

1 49 (32.7) 47 (35.1)

2 88 (58.7) 81 (60.4)

>2 13(8.7) 6 (4.5)
SBP (mmHg) 165.92+21.23 158.43+17.42 0.001
DBP (mmHg) 106.27+15.07 101.47£12.16 0.003
BNP (pg/mL) 77.50 (36.50-157.75) 54.00 (25.95-92.25) 0.002
HCT (%) 36.68+4.68 35.23+4.19 0.007
HB (g/L) 121.55+17.57 115.13+£16.46 0.002
PLT (10°/L) 203.10+78.55 224.37+63.03 0.013
FIB (g/L) 4.01+0.82 4.18+0.73 0.064
APTT (s) 27.43+2.46 26.93+2.40 0.085
TT (s) 14.54+1.74 13.82+1.37 <0.001
PT (s) 10.74+0.56 10.74+0.54 0.971
AST (U/L) 22.00 (15.00-35.70) 19.50 (12.70-26.43) 0.002
ALT (U/L) 23.15 (17.00-35.00) 18.90 (15.50-25.03) <0.001
ALB (g/L) 29.38+4.60 32.80+5.12 <0.001
BUN (mmol/L) 4.69+1.56 4.08+1.18 <0.001
CR (umol/L) 58.59+14.97 51.98+11.08 <0.001
UA (umol/L) 381.20+92.70 339.21+88.28 <0.001
LDH (U/L) 266.00 (212.75-359.25) 215.00 (189.25-266.00) <0.001
Edema <0.001

0+ 33 (22.0) 56 (41.8)

14 43 (28.7) 49 (36.6)

2+ 45 (30.0) 20 (14.9)

3+ 20 (13.3) 8 (6.0)

4+ 9 (6.0) 1(0.7)
AV of fundus 0.156

2:3 60 (47.6) 50 (47.6)

1:2 44 (34.9) 37 (35.2)

1:3 22 (17.5) 14 (13.3)

1:4 0(0) 4(3.8)
Proteinuria <0.001
Negative 74.7) 15(11.2)

1+-2+ 55 (36.7) 87 (64.9)

3+ 53 (35.3) 21 (15.7)

4+ 35 (23.3) 11(8.2)
Headache 0.023

Yes 26 (17.3) 11(8.2)

No 124 (82.7) 123 (91.8)
Visual disturbances <0.001

Yes 25 (16.7) 3(2.2)

No 125 (83.9) 131 (97.9)
Chest tightness 0.967

Yes 8 (5.3) 7(5.2)

No 142 (94.7) 127 (94.8)
Nausea or vomiting 0.167

Yes 6 (4.0) 1(0.7)

No 144 (96.0) 133 (99.3)

Continuous variables are presented as mean + SD or median (IQR); categorical variables are presented as number (%). P, Pearson’s chi-
square test or Fisher’s exact tests for categorical variables and t test or rank sum test for continuous variables. ALB, serum albumin;
ALT, alanine transaminase; APTT, activated partial thromboplastin time; AST, aspartate transaminase; A/V, arteriovenous ratio; BMI, body
mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CR, creatinine; DBP, diastolic blood pressure; FIB, fibrinogen; GA,
gestational age; HB, hemoglobin; HCT, hematocrit; LDH, lactate dehydrogenase; PLT, platelets; PT, prothrombin time; SBP, systolic blood
pressure; TT, thrombin time; UA, uric acid.
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Table S2 The pregnancy outcomes in early-onset preeclampsia and late-onset preeclampsia

Variable Early-onset PE (n=150) Late-onset PE (n=134) P value
Maternal outcomes <0.001
Yes 68 (45.3) 21 (15.7)
No 82 (54.7) 113 (84.3)
Perinatal outcomes <0.001
Yes 57 (38.0) 19 (14.2)
No 93 (62.0) 115 (85.8)
Newborn weight 2,101.62+886.74 3,119.47+674.52 <0.001
1-minute Apgar scores 9.10+2.03 9.75+1.13 0.001

Continuous variables are presented as mean + SD; categorical variables are presented as number (%). P, Pearson’s chi-square test for
categorical variables and t test or continuous variables. PE, preeclampsia.
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Table S3 The clinical and laboratory indicators in preeclampsia with and without severe features

Variable PE without severe features (n=57) PE with severe features (n=227) P value
Age (years) 30.44+6.22 32.43+5.47 0.018
BMI (kg/m?) 31.98+4.25 31.92+4.93 0.939
GA at admission (weeks) 38.51+1.54 34.79+3.29 <0.001
Parity 0.004

1 29 (50.9) 67 (29.5)

2 23 (40.4) 146 (64.3)

>2 5 (8.8) 14 (6.2)
SBP (mmHg) 143.11£10.57 167.23+18.66 <0.001
DBP (mmHg) 92.83+10.08 106.81+13.39 <0.001
BNP (pg/mL) 27.00 (14.00-583.25) 80.00 (39.00-138.00) <0.001
HCT (%) 36.35+3.49 35.91+4.73 0.509
HB (g/L) 118.93+13.18 118.41+18.24 0.841
PLT (10°/L) 223.35+50.14 210.57+76.76 0.129
FIB (g/L) 4.33+0.62 4.04+0.80 0.004
APTT (s) 26.70+2.10 27.32+2.51 0.086
TT (s) 13.25+1.01 14.44+1.65 <0.001
PT (s) 10.65+0.53 10.76+0.55 0.163
AST (U/L) 17.00 (11.00-22.25) 22.00 (15.00-31.30) <0.001
ALT (U/L) 17.50 (15.10-21.15) 22.00 (16.70-32.90) <0.001
ALB (g/L) 34.46+4.16 30.13+4.99 <0.001
BUN (mmol/L) 3.90+0.93 4.52+1.50 <0.001
CR (umol/L) 49.16+8.04 57.06+£14.32 <0.001
UA (umol/L) 333.32+71.24 368.43+96.43 0.003
LDH (U/L) 197.00 (172.00-212.50) 261.00 (213.00-325.00) <0.001
Edema <0.001

0+ 33 (57.9) 56 (24.7)

1+ 21 (36.8) 71 (31.3)

2+ 3(5.3) 62 (27.3)

3+ 0 (0) 28 (12.3)

4+ 0(0) 10 (4.4)
A/V of fundus 0.202

2:3 23 (63.9) 87 (44.6)

1:2 10 (27.8) 71 (36.4)

1:3 3(8.3) 33 (16.9)

1:4 0(0) 4(2.1)
Proteinuria <0.001
Negative 0 (0) 22 (9.7)

1+-2+ 54 (94.7) 88 (38.8)

3+ 3(5.3) 71 (31.3)

4+ 0 (0) 45 (20.3)
Headache 0.017

Yes 2 (3.5) 35(15.4)

No 55 (96.5) 192 (84.6)
Visual disturbances 0.005

Yes 0(0) 28 (12.3)

No 57 (100.0) 199 (87.7)
Chest tightness 0.994

Yes 3(5.3) 12 (6.3)

No 54 (94.7) 215 (94.7)
Nausea or vomiting 0.387

Yes 0(0) 7 (3.1)

No 57 (100.0) 220 (96.9)

Continuous variables are presented as mean + SD or median (IQR); categorical variables are presented as number (%). P, Pearson’s chi-
square test or Fisher’s exact tests for categorical variables and t test or rank sum test for continuous variables. ALB, serum albumin;
ALT, alanine transaminase; APTT, activated partial thromboplastin time; AST, aspartate transaminase; A/V, arteriovenous ratio; BMI, body
mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CR, creatinine; DBP, diastolic blood pressure; FIB, fibrinogen; GA,
gestational age; HB, hemoglobin; HCT, hematocrit; LDH, lactate dehydrogenase; PE, preeclampsia; PLT, platelets; PT, prothrombin time;

SBP, systolic blood pressure; TT, thrombin time; UA, uric acid.
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Table S4 The pregnancy outcomes in preeclampsia with and without severe features

Variable PE without severe features (n=57) PE with severe features (n=227) P value
Maternal outcomes <0.001
Yes 3(5.3) 86 (37.9)
No 54 (94.7) 141 (62.1)
Perinatal outcomes 0.001
Yes 5(8.8) 71(31.3)
No 52 (91.2) 156 (68.7)
Newborn weight 3,372.81+510.34 2,382.50+920.79 <0.001
1-minute Apgar scores 9.77+0.78 9.32+1.84 0.006

Continuous variables are presented as mean + SD; categorical variables are presented as number (%). P, Pearson’s chi-square test for
categorical variables and t-test or continuous variables. PE, preeclampsia.
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