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Abstract

Objective: This prospective study was designed to develop and internally validate an accurate
prognostic nomogram model with which to predict the adverse outcomes of preterm
preeclampsia.

Methods: Pregnant women with preeclampsia were divided into the adverse outcome group and
the no adverse outcome group. The Kaplan—Meier method, univariate Cox regression analysis,
and calculation of the concordance index (C-index) were applied to predictive evaluation of the
nomogram. Calibration curves were drawn to test the nomogram prediction and actual obser-
vation of the adverse outcome rate.

Results: After 1000 internal validations of bootstrap resampling, the C-index of the nomogram
for predicting adverse outcomes within 48 hours was 0.74 and the cut-off value was 0.53, with a
sensitivity of 61.57% and a specificity of 76.93%. The C-index of the nomogram for predicting
adverse outcomes within 7 days was 0.76 and the cut-off value was 0.37, with a sensitivity of
58.17% and a specificity of 84.82%. The calibration curves showed good concordance of incidence
of adverse outcomes between nomogram prediction and actual observation.

Conclusion: Cox regression has certain guiding significance in preventing and treating adverse
outcomes, choosing the time of termination of pregnancy, and improving the prognosis of the
mother and child.
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Introduction

Preeclampsia is a unique complication of
pregnancy and the second leading cause of
death in pregnant women in developing
countries, accounting for 14% of the total
number of maternal deaths.! The morbidity
rate associated with preeclampsia in China
ranges from 2% to 7%.> Preeclampsia can
cause severe maternal-fetal complications
and adverse outcomes, including eclampsia,
posterior encephalopathy syndrome, pla-
cental abruption, disseminated intravascu-
lar  coagulation (DIC), subcapsular
hemorrhage, pulmonary edema, acute
renal insufficiency, fetal growth restriction,
fetal distress, and maternal and perinatal
death. Long-term effects include chronic
hypertension, diabetes, chronic renal fail-
ure, coronary artery disease, nervous
system damage, and other conditions.’
The only known cure for preeclampsia is
delivery of the baby. However, preeclamp-
sia can cause premature birth, leading to
adverse outcomes in preterm infants such
as neonatal respiratory distress syndrome,
neonatal necrotizing enteritis, brain injury,
and hypoxic ischemic encephalopathy.

A nomogram provides a visualization of
the regression equation. First, a multifactor
regression model is constructed. Scores are
then assigned to each influential factor
according to the regression coefficient and
added. Finally, the incidence of the out-
come event is obtained through function
conversion. This process has been applied
to medical fields such as oncology.

The present study was performed to
establish a nomogram model for predicting

the risk of adverse outcomes in women with
preterm preeclampsia and assess the proba-
bility of adverse outcomes in individual
patients. The overall aim is to provide a
reference for prevention of adverse out-
comes, the timing of pregnancy termina-
tion, and improvement of maternal and
child outcomes.

Methods

Study design and patients

This prospective study involved pregnant
women with preeclampsia (gestational age
of <37 weeks) who were hospitalized and
delivered in Fujian Maternity and Child
Health Hospital, Affiliated Hospital of
Fujian Medical University (tertiary obstetric
center in southeast China) from January
2016 to January 2019. Women were included
if they were admitted with preeclampsia or
developed preeclampsia after admission. The
exclusion criteria were a gestational age of
>37 weeks, a postpartum diagnosis of pre-
eclampsia, fetal malformations, and cardio-
vascular diseases, immune diseases, and
vascular diseases. The women were divided
into two groups according to the develop-
ment of adverse outcomes of preeclampsia:
the adverse outcome group and the no
adverse outcome group. The definition of
adverse outcomes used in this study was
based on the 2009 World Health
Organization maternal critical illness criteria
and the fullPIERS model established by Von
Dadelszen et al.* A woman with one or more
of the following outcomes was considered to
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have an adverse outcome: maternal death,
DIC, heart dysfunction, hemolytic anemia,
elevated liver enzymes and a low platelet
count (HELLP syndrome), placental abrup-
tion, reversible posterior leukoencephalop-
athy syndrome, eclampsia, retinal
detachment, pulmonary edema, hepatic dys-
function, or renal function damage. The
diagnostic criteria used in this study were in
reference to the 25th edition of Williams
Obstetrics.> Preeclamptic low perfusion of
the placenta causes fetal ischemia and hyp-
oxia, which directly leads to stillbirth; there-
fore, the occurrence of stillbirth was included
as an adverse outcome.

The following data were collected from
the maternal medical records: (1) basic
information and medical history, including
age, body mass index, parity, gravidity, ges-
tational age, preterm preeclampsia, and
prepregnancy diabetes; (2) symptoms and
signs, including nausea, vomiting, dizziness,
headache, chest tightness, chest pain, dys-
pnea, visual disturbance, convulsions, con-
junctival edema, and bodily edema at the
time of admission or during hospitalization,
as well as the highest blood pressure mea-
sured; (3) auxiliary examination findings,
including routine blood parameters, coagu-
lation function, D-dimer concentration,
biochemical parameters [uric acid (UA),
alanine transaminase (ALT), aspartate
transaminase (AST), total bile acids
(TBA), triglycerides (TG), blood cholester-
ol, lactate dehydrogenase (LDH), high-
density lipoprotein, low-density lipoprotein,
blood urea nitrogen (BUN), and creatinine
(Cr) after admission], amniotic fluid index,
and maternal head magnetic resonance
imaging (MRI) examination; and (4) treat-
ments, including antihypertensive drug
treatment after hospital admission, magne-
sium sulfate antispasmodic treatment, and
dalteparin sodium treatment. The sample
size was determined in accordance with
the events per variable principle described
by Harrell.”

The patients were followed up from the
diagnosis of preeclampsia, and the end
point of the follow-up was termination of
pregnancy. The survival time was defined as
the time interval from the diagnosis of pre-
eclampsia to the termination of pregnancy.
Pregnant women who had not terminated
their pregnancy by 37 weeks were consid-
ered censored.

Statistical analysis

Statistical analysis was performed using
SPSS version 22.0 statistical software
(IBM  Corp., Armonk, NY, USA).
Quantitative data are expressed as mean
and standard deviation, and qualitative
data are expressed as frequency and per-
centage. For the univariate analysis, the
survival rate was calculated with the
Kaplan—Meier method and a survival
curve was drawn. The log-rank test was
used to compare the differences in the sur-
vival curves of each group. Quantitative
data were analyzed by one-way Cox regres-
sion. The multivariate analysis was per-
formed using a Cox proportional hazards
regression  model, and independent
influencing factors were identified by the
stepwise backward method. A P value of
<0.05 was considered statistically signifi-
cant. The independent influencing factors
were introduced into R software (R version
3.4.3; R Foundation for Statistical
Computing, Vienna, Austria), and the sur-
vival and rms packages were applied to
establish a nomogram prediction model.
Internal verification of the model was per-
formed by repeating sampling 1000 times
using the bootstrap repeated sampling
method. The concordance index (C-index)
obtained by the C-statistic calculation
model proposed by Harrell® was used
to verify the discrimination of the nomo-
gram model, and the C-index ranged from
0.5 (no discrimination) to 1.0 (good
discrimination).
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Results

In total, 338 pregnant women with pre-
eclampsia were included in this study.
There were no significant differences in
age, pregnancy, parity, or body mass
index between the adverse outcome group
and no adverse outcome group; thus, the
two groups were comparable (Table 1).

Qualitative data were assessed with the
Kaplan—Meier method, and the log-rank
method was wused to test significance
(Table 2). The factors that were found to
significantly influence the development of
adverse outcomes were dizziness, upper
abdominal pain, visual disturbances, con-
junctival edema, convulsions, bodily
edema, oligohydramnios, abnormal head
MRI results, and random urine protein
abnormalities (P < 0.05).

Single-factor Cox regression analysis of
quantitative data revealed the following
influencing factors of adverse outcomes:
white blood cell (WBC) count, platelet
(PLT) count, fibrin degradation products
(FDP), fibrinogen (Fib), UA, ALT, AST,

albumin (ALB), TBA, TG, LDH, BUN,
Cr, urine protein quantitation, maximum
systolic blood pressure, and maximum dia-
stolic blood pressure (P < 0.05) (Table 3).

Sixty variables were included in the Cox
proportional hazard regression model, and
the multivariate analysis identified the fol-
lowing 13 independent factors influencing
adverse outcomes in pregnant women with
preterm preeclampsia: conjunctival edema,
oligohydramnios, WBC count, PLT count,
platelet distribution width (PDW), red cell
distribution width—coefficient of variation
(RDW-CV), prothrombin time (PT), FDP,
Fib, UA, ALB, maximum systolic blood
pressure, and antihypertensive therapy
(P <0.05) (Table 4).

Based on the results of the multivariate
Cox regression analysis, the R model was
used to establish a predictive nomogram
model of the probability of adverse out-
comes within 2 days and 7 days after the
diagnosis of preeclampsia (Figures 1 and 2).

The bootstrap self-sampling method was
used for internal verification. After 1000
samples, the nomogram model was found

Table 1. Comparison of baseline data between adverse outcome group and no adverse outcome group.

Gravidity: times (%)

Group I 2 3 4 5 6 7

Adverse outcome 52 (34.44) 41 (27.15) 29 (19.21) 19 (12.58) 4 (2.65) 5 (3.31) I (0.66)
group

No adverse 55 (29.41) 43 (22.99) 44 (23.53) 28 (14.97) 11 (5.88) 3 (1.60) 3 (1.60)
outcome group

P 0.430"

Parity: times (%)

Group 0 | 2 3 4 Age, years  BMI, kg/m?

Adverse outcome 2 (1.32) 75 (49.67) 66 (43.71) 8(5.30) 0(0.00) 31.53£550 27.18+3.71
group

No adverse 0 (0.00) 90 (48.13) 82 (43.85) 12 (6.42) 3(1.60) 31.88+£5.10 28.02+4.07
outcome group

P 0.275" 0.548 0.051

*Kruskal-Wallis rank sum test.
Age and BMI are presented as mean = standard deviation.
BMI, body mass index.
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Table 2. Univariate analysis of factors affecting adverse outcomes in preeclampsia (qualitative data).
Median
Parameter survival, days | day, % 2 days, % 7 days, % X2 P
Total 6 77.82 69.22 41.98 - -
Nausea and vomiting
No 6 77.44 68.36 43.26 0.085 0.771
Yes 6 89.66 7777 34.72
Dizziness and headache
No 7 80.12 73.35 46.50 7.115 0.008
Yes 4 72.62 59.88 32.18
Upper abdominal pain
No 6 78.99 70.26 42.61 16.676 <0.001
Yes 0.5 0.00 0.00 0.00
Chest pain
No 6 77.78 69.18 41.96 0.182 0.670
Yes - - - -
Chest distress
No 7 77.09 68.71 44.18 2.780 0.095
Yes 4 89.47 77.54 21.47
Dyspnea
No 6 77.57 69.65 42.57 2.462 0.120
Yes 2 100 33.33 0.00
Visual disturbance
No 7 79.11 71.02 44.42 10.393 0.001
Yes 3 66.94 54.77 23.84
Conjunctival edema
No 7 81.38 73.72 49.26 26.855 <0.001
Yes 2 60.86 48.27 14.85
Convulsions
No 6 78.14 69.42 42.75 6.668 0.010
Yes 2 50.00 50.00 0.00
Edema
No 7 81.24 74.51 42.93 4.088 0.043
Yes 4 69.71 56.80 38.96
Oligohydramnios
No 6 79.09 70.26 43.56 5.852 0.016
Yes 5 60.87 55.34 24.90
Head MRI results
Normal 7 81.52 77.44 45.19 48.924 <0.001
Focal ischemia 5 80.36 61.45 28.97
RPLS I 37.50 12.50 0.00
Cerebral hemorrhage 0 0.00 0.00 0.00
Random urine protein
Negative 8 83.97 77.25 56.95 31.778 <0.001
+ I 84.65 7651 51.13
2+ 5 77.39 75.18 38.27
3+ 5 79.96 62.19 38.64
4+ I 39.22 33.61 5.60

(continued)
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Table 2. Continued.

Median
Parameter survival, days | day, % 2 days, % 7 days, % x2 P
Antihypertensive therapy
No 8 74.46 68.58 51.07 0.126 0.723
Yes 6 78.67 69.46 40.35
Magnesium sulfate therapy
No 8 69.65 69.65 54.17 0.003 0.956
Yes 6 79.22 69.20 40.51

MRI, magnetic resonance imaging; RPLS, reversible posterior leukoencephalopathy syndrome.

Table 3. Univariate analysis of factors affecting adverse outcomes in pregnant women with preterm
preeclampsia (quantitative data).

Influencing factor HR 95% Cl P

WBC (10°/L) 1.17 I.11-1.23 <0.001
Hb (g/L) 1.00 0.99-1.01 0.832
PLT (10°/L) 0.99 0.99-1.00 0.001
MPV (fL) 0.99 0.98-1.01 0.702
PCT (%) 0.39 0.09-1.68 0.204
PDW (fL) 0.99 0.93-1.05 0.766
HCT (%) 0.99 0.97-1.03 0.771
RDW-CV (%) 1.12 0.99-1.25 0.060
RDW-SD (fL) 1.01 0.98-1.04 0.384
PT (seconds) 0.83 0.67-1.03 0.093
INR 1.03 0.97-1.10 0.317
FDP (mg/L) 1.01 1.00-1.01 <0.001
APTT (seconds) 0.99 0.98-1.01 0.225
TT (seconds) 1.01 0.99-1.03 0.204
Fib (g/L) 0.62 0.51-0.75 <0.001
D-dimers (mg/L) 1.00 0.99-1.01 0.998
UA (umol/L) 1.00 1.00-1.01 <0.001
ALT (U/L) 1.00 1.00-1.00 0.018
AST (U/L) 1.00 1.00-1.00 <0.001
ALB (g/L) 0.93 0.91-0.96 <0.001
TBA (umol/L) 1.02 1.00-1.03 0.030
TG (mmol/L) 1.05 1.01-1.10 0.022
CHOL (mmol/L) 1.00 0.97-1.04 0.831
LDH (U/L) 1.00 1.00-1.00 <0.001
BUN (mmol/L) 1.19 1.10-1.28 <0.001
Cr (umol/L) 1.02 1.02-1.03 <0.001
Urine protein quantitation 1.00 1.00-1.00 <0.001
Maximum systolic blood pressure 1.02 1.01-1.03 <0.001
Maximum diastolic blood pressure 1.02 1.01-1.03 0.000

HR, hazard ratio; Cl, confidence interval; WBC, white blood cells; Hb, hemoglobin; PLT, platelets; MPV, mean platelet
volume; PCT, plateletcrit; PDWV, platelet distribution width; HCT, hematocrit; RDW-CYV, red cell distribution width—
coefficient of variation; RDW-SD, red cell distribution width—standard deviation; PT, prothrombin time; INR, international
normalized ratio; FDP, fibrin degradation products; APTT, activated partial thromboplastin time; TT, thrombin time; Fib,
fibrinogen; UA, uric acid; ALT, alanine transaminase; AST, aspartate transaminase; ALB, albumin; TBA, total bile acids; TG,
triglycerides; CHOL, cholesterol; LDH, lactate dehydrogenase; BUN, blood urea nitrogen; Cr, creatinine.
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Table 4. Multivariate analysis of factors influencing adverse outcomes in pregnant women with preterm

preeclampsia.

Wald’s 95% ClI 95% ClI

Influencing factor B SE statistic P HR lower limit upper limit
Conjunctival edema 0.534 0.203 6.896 0.009 1.706 1.145 2.542
Oligohydramnios 1.051 0.287 13.386 0.000 2.861 1.629 5.024
Maximum systolic 0.013 0.005 7.467 0.006 1.013 1.004 1.023

blood pressure
Whether to use —0.567 0.239 5.652 0.017 0.567 0.355 0.905

antihypertensive

therapy
WBC 0.138 0.029 23.003 0.000 1.147 1.085 1.214
PLT —0.004 0.002 4431 0.035 0.996 0.993 1.000
PDW —0.074 0.033 4.906 0.027 0.929 0.871 0.992
RDW-CV 0.141 0.060 5.500 0.019 1.151 1.023 1.295
PT —0.307 0.110 7.788 0.005 0.735 0.593 0913
FDP 0.005 0.003 4.110 0.043 1.005 1.000 1.011
Fib —0.216 0.100 4.708 0.030 0.805 0.662 0.979
UA 0.003 0.001 14.676 0.000 1.003 1.001 1.004
ALB —0.049 0.019 6.903 0.009 0.952 0918 0.988

SE, standard error; HR, hazard ratio; Cl, confidence interval; WBC, white blood cells; PLT, platelets; PDVY, platelet
distribution width; RDW-CV, red cell distribution width—coefficient of variation; PT, prothrombin time; FDP, fibrin deg-
radation products; Fib, fibrinogen; UA, uric acid; ALB, albumin.

to predict the probability of adverse out-
comes in women with preterm preeclampsia
within 2 days. The C-index was 0.76 [95%
confidence interval (CI), 0.71-0.81], and the
cut-off value was 0.53 with a sensitivity of
61.57% and specificity of 76.93%. The
probability of adverse outcomes within 7
days was 0.76 (95% CI, 0.71-0.81), and
the cut-off value was 0.37 with a sensitivity
of 58.17% and specificity of 84.82%. These
findings indicated that the accuracy of the
nomogram model was good. The calibra-
tion curve (Figure 3) showed that the pre-
diction results of the nomogram model were
in good agreement with the actual
observations.

Discussion

Preeclampsia causes systemic small-vessel
vasospasm, causing different degrees of
damage to different organs and leading to

adverse pregnancy outcomes.® Termination
of pregnancy is the only effective interven-
tion, but iatrogenic preterm birth increases
the short- and long-term complications of
preterm infants. Broekhuijsen et al.” found
that early termination of pregnancy in
women with preeclampsia may reduce
maternal adverse outcomes but significantly
increase neonatal respiratory distress syn-
drome. To better prevent adverse outcomes
and more effectively choose the optimal
timing of pregnancy termination, some
scholars have developed models with
which to predict the probability of adverse
outcomes in pregnant women with pre-
eclampsia. Von Dadelszen et al.* developed
the fullPIERS model, and Payne et al®
developed the miniPIERS model. Both
models use logistic regression to predict
the risk of adverse outcomes of preeclamp-
sia in pregnant women. A major limitation
is that it is impossible to predict how long it
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Figure I. Nomogram of predictive model of adverse outcomes in pregnant women within 2 days of
preterm preeclampsia. WBC, white blood cells; PLT, platelets; RDWCYV, red cell distribution width—coeffi-
cient of variation; PT, prothrombin time; FDP, fibrin degradation products; FIB, fibrinogen; UA, uric acid;

ALB, albumin; PDVY, platelet distribution width.

will take for an adverse outcome to occur.
Additionally, the effects of treatments such
as antihypertensive and antispasmodic ther-
apies on the outcome were not considered
in the model. Thangaratinam et al.” used
logistic regression and Cox regression to
establish two predictive models: PREP-L
and PREP-S, respectively. The effects of
treatments such as antihypertensive and
antispasmodic therapies on the outcome
were included in the models, but the equa-
tions themselves were complicated and
clinicians found them inconvenient to
apply. A nomogram is a mathematical for-
mula that graphically represents an individ-
ual’s prognostic risk.'® Influencing factors

in the nomogram model in the present
study included bulbar conjunctival edema,
oligohydramnios, WBC count, PLT count,
PDW, RDW-CV, PT, FDP, Fib, UA, ALB,
maximum systolic blood pressure, and
whether antihypertensive therapy was
used. These factors can be obtained by rou-
tine clinical examination.

Magee et al.'' showed that severe hyper-
tension, which is not strictly hypotensive, is
associated with severe maternal complica-
tions. The present study showed that for
every 10-mmHg increase in systolic blood
pressure, the probability of adverse out-
comes in pregnant women with preeclamp-
sia increased by 13%. Antihypertensive
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Figure 2. Nomogram of predictive model of adverse outcomes in pregnant women within 7 days of
preterm preeclampsia. WBC, white blood cells; PLT, platelets; RDWCYV, red cell distribution width—coeffi-
cient of variation; PT, prothrombin time; FDP, fibrin degradation products; FIB, fibrinogen; UA, uric acid;

ALB, albumin; PDVY, platelet distribution width.

treatment reduced the probability of
adverse outcomes in pregnant women with
preeclampsia by 43.3%. Magee et al.'? con-
ducted a prospective randomized controlled
trial of 95 centers in 19 countries. The inci-
dence of severe hypertension (>160/110
mmHg) was significantly higher in the
non-strictly controlled blood pressure
group (40.6%) than in the strictly con-
trolled blood pressure group (27.5%,
P<0.001). Pregnant women with pre-
eclampsia who receive antihypertensive
treatment can reduce the severity of hyper-
tension and adverse outcomes. The 2018
World Health Organization guidelines for
the treatment of severe hypertension in

pregnamcy13 suggest that most
hypertension-associated maternal deaths
are caused by uncontrolled severe hyperten-
sion; thus, all pregnant women with severe
hypertension are recommended to undergo
antihypertensive therapy. The International
Society for the Study of Hypertension in
Pregnancy guidelines'* also support strict
blood pressure management for women
with non-severe hypertension to reduce the
risk of severe hypertension.

In the present study, the probability of
adverse outcomes in pregnant women with
preeclampsia increased by 26.5% for every
I-second reduction in the PT. For every
I-mg/L increase in the FDP concentration,
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Figure 3. Calibration curve between model prediction and actual observation. Red lines represent model

predictions, and black lines represent actual observations.

the probability of adverse outcomes in
pregnant women with  preeclampsia
increased by 0.5%. For every 1-g/L reduc-
tion in the Fib concentration, the probabil-
ity of adverse outcomes in pregnant women
with preeclampsia increased by 19.5%. The
PT reflects the exogenous coagulation path-
way. Fib is cleaved into peptide A and pep-
tide B by the hydrolysis of thrombin to
form a fibrin monomer, which causes plate-
lets to aggregate and form a thrombus.
FDP competes with Fib for thrombin,
which prevents the formation of fibrin
monomers and acts as an anticoagulant.
In pregnant women with preeclampsia, a
short PT and elevated FDP concentration
suggest a hypercoagulable state, risk of pla-
cental abruption, risk of fetal growth
restriction, and other adverse events. Fib
reduction indicates disease progression,
consumption of blood clotting factors,
HELLP syndrome, or DIC. Wang et al.'?

found that a Fib concentration that had
dropped to 155mg/dL could predict the
occurrence of adverse outcomes such as pla-
cental abruption and DIC, which is consis-
tent with the results of the present study.
Zhou et al.'® found that pregnant women
with preeclampsia who had hyperuricemia
were 1.99 times more likely to develop
adverse outcomes than those with a
normal UA concentration (95% CI, 1.16—
3.40). This study showed that for every
10-pmol/L increase in the UA concentra-
tion, the probability of adverse outcomes
in women with preeclampsia increased by
3.0%. Vasospasm in pregnant women with
preeclampsia leads to tissue ischemia and
hypoxia, and hypoxia causes the degrada-
tion of adenosine triphosphate to increase
purine. At the same time, tissue damage
also increases the release of purine, leading
to an increase in UA. Renal vasospasm
causes a decrease in renal blood flow,
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a decrease in the glomerular filtration rate,
and an increase in UA reabsorption. High
levels of UA stimulate tissue to produce
more UA, resulting in a vicious circle.
Schmella et al.'” found that hyperuricemia
can accurately predict the risk of hyperten-
sion during pregnancy. Moreno Santillan
et al.'"® also found that pregnant women
with preeclampsia who have a serum UA
concentration of >6mg/dL were more
likely to develop maternal adverse
outcomes.

The present study showed that for every
1-g/L decrease in the ALB concentration,
the probability of adverse outcomes in
pregnant women with  preeclampsia
increased by 4.8%. Endothelial cell
damage in preeclampsia leads to increased
permeability of the vessel wall. In the early
stage of injury, the damaged endothelium
of the vessel wall can only pass molecules
with a molecular weight of <200 x 10° D,
such as ALB. Kinoshita et al.'” found that
serum ALB can reduce oxidative stress by
inhibiting the activity of nicotinamide ade-
nine dinucleotide phosphate oxidase in
human vascular smooth muscle and thus
reduce adverse outcomes in women with
preeclampsia. Dai et al.?’ also found that
ALB reduction can predict adverse out-
comes in women with preeclampsia.

PLT reduction is a manifestation of
worsening preeclampsia.>! The present
study showed that for every 10 x 10°/L
reduction in the PLT count, the probability
of adverse outcomes in pregnant women
with preeclampsia increased by 4.0%.
AlSheeha et al.?> found that the PLT
count was significantly lower in pregnant
women with than without preeclampsia
(odds ratio, 2.2; 95% CI, 1.08-4.6). These
findings are consistent with the present
study.

Yilmaz et al.>* found that the RDW was
significantly higher in pregnant women with
than without preeclampsia (15.23 & 1.96 vs.
14.48 £1.70, respectively; P <0.05). The

RDW was also significantly higher in preg-
nant women with severe than mild pre-
eclampsia (15.92+£1.99 vs. 15.08+2.07,
respectively; P <0.05). Kurt et al.** also
found that the RDW was significantly
higher in pregnant women with than with-
out preeclampsia (16.90+1.70 vs. 14.10
=+ 1.10, respectively; P < 0.001). The present
study showed that for every 1% increase in
the RDW, the probability of adverse out-
comes in pregnant women with preeclamp-
sia increased by 15.1%. The RDW is a
parameter that reflects the heterogeneity
of the red blood cell volume and is often
used for the differential diagnosis of
anemia. However, recent research has
shown that the RDW is associated with
inflammation  and  oxidative  stress.
Inflammation leads to abnormal iron
metabolism, shortens the red blood cell
lifespan, and increases the RDW.
Additionally, inflammatory factors inhibit
red blood cell maturation, leading to entry
of immature red blood cells into the circu-
lation and an increase in the RDW. Sen-yu
and Chao?’ reported that the RDW is a risk
factor for hypertensive disorder complicat-
ing pregnancy (odds ratio, 2.683; 95% CI,
1.472-6.096) and that an RDW-CV of

>14.1% can predict adverse outcomes
of hypertensive disorder complicating
pregnancy.

A nomogram model can be made in the
form of an Excel sheet for clinical work or
further developed into a mobile phone soft-
ware app. Nomogram models are used to
assess the risks associated with preeclamp-
sia during pregnancy; they also provide a
reference for the obstetrician to develop a
treatment plan. If the risk of adverse out-
comes increases, the nomogram can help to
determine whether or when to terminate the
pregnancy.

This study has two main limitations.
First, the data for the nomogram were ret-
rospectively derived from a single center,
and selection bias might be present.
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Second, only internal verification was per-
formed; thus, external verification will be
required in further studies.

Conclusion

This study used Cox regression analysis to
identify independent prognostic factors for
adverse outcomes in women with preterm
preeclampsia, including bulbar conjunctival
edema, oligohydramnios, WBC count, PLT
count, PDW, RDW-CV, PT, FDP, Fib,
UA, ALB, maximum systolic blood pres-
sure, and antihypertensive treatment. A
nomogram model was developed to predict
adverse outcomes within 2 days and 7 days
of developing preterm preeclampsia. The
model predicted a C-index of 0.76 for
adverse outcomes within 2 days and a C-
index of 0.76 within 7 days. The prediction
accuracy was high. This model has certain
guiding significance in preventing adverse
outcomes, choosing the timing of pregnan-
¢y termination, and improving the progno-
sis of the mother and child.

Authors’ contributions

Jianying Yan, Rongxin Chen, and Qing Han
conceived and designed the study. Rongxin
Chen, Qing Han, Lianghui Zheng, and
Lingling Jiang analyzed the data and wrote the
paper. Lingling Jiang and Jianying Yan reviewed
and edited the manuscript. All authors read and
approved the manuscript.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This work was supported by the Fujian Science
and Technology Project (2018Y0005), the Fujian
Medical Innovation Subject (2017-CX-11), and
the Key Clinical Specialty Discipline
Construction of Fujian, P.R.C ([2015] no. 593).

Statement of ethics

The study was approved by the ethics committee
of Fujian Maternity and Child Health Hospital,
Affiliated Hospital of Fujian Medical
University. Informed consent was obtained
from the patients.

ORCID iD

Jianying Yan @@ https://orcid.org/0000-0003-
2363-3065

References

1. Say L, Chou D, Gemmill A, et al. Global
causes of maternal death: a WHO systematic
analysis. Lancet Glob Health 2: 323-333.

2. Cunningham FG. Williams obstetrics. 25th
ed. New York: McGraw-Hill Education/
Medical, 2018.

3. Ghulmiyyah L and Sibai B. Maternal mor-
tality from preeclampsia/eclampsia. Semin
Perinatol 2012; 36: 56-59.

4. Von Dadelszen P, Payne B, Li J, et al.
Prediction of adverse maternal outcomes in
pre-eclampsia: development and validation
of the fullPIERS model. Lancet 2011; 377:
219-227.

5. Harrell FE Jr. Regression modeling strategies
with applications to linear models, logistic
regression, and survival analysis. New York:
Springer, 2001, p.8§7-103.

6. Francisco C, Wright D, Benkd Z, et al.
Hidden high rate of preeclampsia in twin
compared with singleton  pregnancy.
Ultrasound Obstet Gynecol 2017; 50: 88-92.

7. Broekhuijsen K, van Baaren GJ, van
Pampus MG, et al. Immediate delivery
versus expectant monitoring for hyperten-
sive disorders of pregnancy between 34 and
37 weeks of gestation (HYPITAT-II): an
open-label, randomised controlled trial.
Lancet 2015; 385: 2492-2501.

8. Payne BA, Hutcheon JA, Ansermino JM,
et al. A risk prediction model for the assess-
ment and triage of women with hypertensive
disorders of pregnancy in low-resourced set-
tings: the miniPIERS (Pre-eclampsia
Integrated Estimate of RiSk) multi-country
prospective cohort study. PLoS Med 2014;
11: e1001589.


https://orcid.org/0000-0003-2363-3065
https://orcid.org/0000-0003-2363-3065
https://orcid.org/0000-0003-2363-3065

Chen et al.

13

9.

10.

11.

12.

13.

14.

15.

17.

Thangaratinam S, Allotey J, Marlin N, et al.
Prediction of complications in early-onset
pre-eclampsia (PREP): development and
external multinational validation of prog-
nostic models. BMC Med 2017; 15: 68.
Balachandran VP, Gonen M, Smith JJ, et al.
Nomograms in oncology: more than meets
the eye. Lancet Oncol 2015; 16: 173-180.
Magee LA, von Dadelszen P, Rey E, et al.
Less-tight versus tight control of hyperten-
sion in pregnancy. N Engl J Med 2015; 372:
407-417.

Magee LA, von Dadelszen P, Singer J, et al.
The CHIPS randomized controlled trial
(Control of Hypertension in Pregnancy
Study): is severe hypertension just an elevat-
ed blood pressure?. Hypertension 2016; 68:
1153-1159.

The World Health Organization. WHO
recommendations: Drug treatment for
severe hypertension in pregnancy. WHO
guidelines.

Brown MA, Magee LA, Kenny LC, et al.
The hypertensive disorders of pregnancy:
ISSHP classification, diagnosis & manage-
ment recommendations for international
practice. Pregnancy Hypertens 2018; 13:
291-231.

Wang L, Matsunaga S, Mikami Y, et al. Pre-
delivery fibrinogen predicts adverse maternal
or neonatal outcomes in patients with pla-
cental abruption. J Obstet Gynaecol Res
2016; 42: 796-802.

Zhou J, Zhao X, Wang Z, et al
Combination of lipids and uric acid in
mid-second trimester can be used to predict
adverse pregnancy outcomes. J Matern Fetal
Neonatal Med 2012; 25: 2633-2638.
Schmella MJ, Clifton RG, Althouse AD,
et al. Uric acid determination in gestational
hypertension: is it as effective a delineator of

18.

19.

20.

21.

22.

23.

24.

25.

risk as proteinuria in high-risk women?.
Reprod Sci 2015; 22: 1212-1219.

Moreno Santillan AA, Briones Garduno JC
and Diaz de Leon Ponce MA. Uric acid in
pregnancy: new concepts. Contrib Nephrol
2018; 192: 110-115.

Kinoshita H, Watanabe K, Azma T, et al.
Human serum albumin and oxidative stress
in preeclamptic women and the mechanism
of albumin for stress reduction. Heliyon
2017; 3: ¢00369.

Dai DM, Cao, J, Yang HM, et al
Hematocrit and plasma albumin levels dif-
ference may be a potential biomarker to dis-
criminate preeclampsia and eclampsia in
patients with hypertensive disorders of preg-
nancy. Clin Chim Acta 2017; 464: 218-222.
Yang SW, Cho SH, Kwon HS, et al
Significance of the platelet distribution
width as a severity marker for the develop-
ment of preeclampsia. Eur J Obstet Gynecol
Reprod Biol 2014; 175: 107-111.

AlSheeha MA, Alaboudi RS, Alghasham
MA, et al. Platelet count and platelet indices
in women with preeclampsia. Vasc Health
Risk Manag 2016; 12: 477-480.

Yilmaz ZV, Yilmaz E and Kiigiikozkan T.
Red blood cell distribution width: a simple
parameter in preeclampsia. Pregnancy
Hypertens 2016; 6: 285-287.

Kurt RK, Aras Z, Silfeler DB, et al.
Relationship of red cell distribution width
with the presence and severity of preeclamp-
sia. Clin Appl Thromb Hemost 2015; 21:
128-131.

Sen-Yu W and Chao X. Assessment of the
relationship between red blood cell distribu-
tion width and preganecy hypertension dis-
ease. J Obstet Gynaecol Res 2016; 42:
1258-1262.



	table-fn1-0300060520911828
	table-fn2-0300060520911828
	table-fn3-0300060520911828
	table-fn4-0300060520911828
	table-fn5-0300060520911828
	table-fn6-0300060520911828

