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Abstract

Objectives: To evaluate the association between proteinuria and maternal and neonatal out-
comes in pregnant women with pre-eclampsia.

Methods: This retrospective study included patients beyond 20 weeks of gestation diagnosed
with pre-eclampsia, who were admitted to Suzhou Municipal Hospital between December 2013
and December 2015. Demographic and clinical data were extracted from clinical records, includ-
ing age, body mass index, newborn weight and Apgar score. Pre-eclampsia risk factors and
perinatal outcomes were analysed.

Results: A total of 407 patients were enrolled, of whom, 402 with pre-eclampsia were included
in the final analyses, divided into two groups: patients with proteinuria (n =364 [90.55%]) and
patients without proteinuria (n =38 [9.45%]). Newborn 5-min Apgar scores were statistically
lower in the proteinuria group versus the group without proteinuria (9.77 versus 9.95).
Compared with patients without proteinuria, patients with proteinuria had a significantly
higher rate of births before 37 weeks of gestation (50.80% versus 31.60%), but the incidence
of preterm membrane rupture was significantly lower (3.8% versus 13.2%).

Conclusion: Proteinuria may be associated with adverse maternal and neonatal outcomes in
cases of pre-eclampsia.
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Introduction

Pre-eclampsia, a primary cause of mortality
and morbidity in mother and infant, is
characterized by the new onset of hyperten-
sion with either proteinuria or end-organ
dysfunction after 20 weeks of gestation.'
Approximately 4.6% of pregnancies world-
wide are associated with pre-eclampsia,’
and conventionally, pre-eclampsia diagno-
sis has depended on hypertension and
subsequent proteinuria. In pregnancy with
pre-eclampsia, maternal organs, such as the
lungs, liver, kidneys, heart, systemic vascu-
lature, and coagulation are susceptible to
inflammation and endothelial damage.*
The clinical manifestations of pre-
eclampsia vary between individuals, for
example, some patients have the clinical
features of isolated gestational proteinuria
with an absence of hypertension, while
others who initially exhibit proteinuria sub-
sequently develop hypertension, or they
exhibit hypertension and proteinuria simul-
taneously.* Fortunately, most of the com-
plications associated with pre-eclampsia are
resolved after delivery of the placenta.’

In general, urinary protein excretion
does not significantly change during
normal pregnancy, and is considered abnor-
mal during pregnancy when urinary protein
excretion exceeds 300 mg/day or gives a
positive dipstick test result at a 1+ level.®
Prior to 2013, pre-eclampsia was classified
into mild or severe according to the
severity of proteinuria and hypertension.
Furthermore, a proteinuria value >5g/24h
was used to indicate severe pre-eclampsia.’”®
In 2013, the American College of
Obstetricians and Gynecologists removed
proteinuria as an essential criterion for the

diagnosis of pre-eclampsia.”® According to
the most recent national and international
guidelines, proteinuria and foetal growth
restriction cannot be considered as an
indicator of pregnancy outcome, even if its
presence remains essential for diagnosis of
pre-eclampsia.'® Current criteria for diagno-
sis of pre-eclampsia, according to the
International Society for the Study of
Hypertension in Pregnancy (ISSHP), are sys-
tolic blood pressure >140mmHg or
diastolic blood pressure >90mmHg with
one or more new onset conditions after
20 weeks’ gestation, such as proteinuria
(>0.3 g/day), other maternal organ dysfunc-
tion (renal insufficiency, liver involvement,
neurological complications, haematological
complications), and/or uteroplacental dys-
function (foetal growth restriction).'® To
the best of the present authors’ knowledge,
the relationship between proteinuria and
outcomes related to pregnancy with pre-
eclampsia remain unknown.

The aim of the present study was to eval-
uate the association between proteinuria
and maternal/neonatal outcomes in preg-
nant women with pre-eclampsia.

Patients and methods

Study population

This retrospective study included patients
beyond 20 weeks of gestation, with pre-
eclampsia diagnosed according to ISSHP
criteria,'® who were admitted to Suzhou
Municipal Hospital, Suzhou City, Jiangsu,
China between December 2013 and
December 2015. Patients were sequentially
enrolled and the clinical inclusion criteria
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were the following: (1) aged over 18 years;
(2) gestation of at least 18 weeks; and
(3) met the criteria for diagnosis of pre-
eclampsia.'! Patients were excluded if they
had severe pregnancy complications, and/or
severe heart, liver and kidney complica-
tions. The study protocol was approved
by the Ethics Committee of Suzhou City
Hospital (No: K-2019-003-HO1), and all
patients provided written informed consent.

Study protocol

Basic demographic and clinical data were
collected from clinical records for all study
participants, including age, gravidity, parity
(defined as pregnancy carried to a viable
gestational age [>24 weeks]), body mass
index (BMI), newborn weight, and Apgar
score. Patients with pre-eclampsia were
divided into two groups: patients with pro-
teinuria and patients without proteinuria.
Pre-eclampsia risk factors and perinatal
outcomes, such as nulliparity, age, intra-
uterine growth restriction, preterm mem-
brane rupture, delivery before the 37th
gestational week, foetal distress, and trans-
fer to neonatal intensive care unit, were
analysed for all patients.

Statistical analyses

Data are presented as n (%) prevalence,
mean + SD or median (range), and all sta-
tistical analyses were performed using SPSS
software, version 20.00 (SPSS Inc.,
Chicago, 1L, USA). Kolmogorov—Smirnov
test was used to assess the normality of con-
tinuous variable distribution. Normally dis-
tributed continuous variables were analysed
using Student’s z-test, and data without
normal distribution were analysed using
Mann—Whitney U-test. Categorical varia-
bles were assessed using y-test or Fisher’s
exact test. A P value <0.05 was considered
to indicate statistical significance.

Results

A total of 407 patients with pre-eclampsia
were initially enrolled. Among these
patients, five were excluded (one case had
no albuminuria and four cases had no
hypertension). Thus, 402 patients with
pre-eclampsia met the study inclusion crite-
ria and were included in the final analyses.
Of those included, 364 patients (90.55%)
were diagnosed with proteinuria (protein-
uria group) and the remaining 38 patients
(9.45%) did not have proteinuria (group
without proteinuria).

Demographic and clinical characteristics
of both groups are shown in Table 1. There
were no statistically significant between-
group differences in terms of BMI, gravid-
ity, parity, time interval between diagnosis
and delivery, newborn weight, and first
minute Apgar scores. However, there were
statistically significant between-group dif-
ferences in maternal age and fifth minute
Apgar scores. Patients with proteinuria
were younger than those without protein-
uria (P=0.009), and neonatal fifth minute
Apgar scores were statistically lower in the
proteinuria group (P =0.007), although all
fifth minute scores were in the clinically
normal range (Table 1).

Pre-eclampsia risk factors and perinatal
outcomes in the two patient groups are pre-
sented in Table 2. There were no statistical-
ly significant between-group differences in
rates of nulliparity, age >40 years, intra-
uterine growth restriction (in terms of amni-
otic fluid index <50, and mean values for
biparietal diameter and abdominal circum-
ference), and rates of foetal distress and use
of neonatal intensive care unit. Thus, in the
present study population, pre-eclampsia
with or without proteinuria was identical
in terms of the above risk factors and out-
comes. In patients with preeclampsia who
had proteinuria, the rate of patients who
delivered at <37 weeks of gestation was sig-
nificantly higher than in those without
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Table |I. Demographic and clinical characteristics in pregnant females with pre-eclampsia, grouped
according to presence or absence of proteinuria.

Study group

Pre-eclampsia with Pre-eclampsia without Statistical
Variable proteinuria (n = 364) proteinuria (n = 38) significance
Age, years 29.52+5.09 31.79+5.23 P=0.009
Body mass index, kg/m? 29.28+4.11 29.54+4.77 NS
Gravidity, times 36 (34-39) 38 (35-39) NS
Parity, times 0.38+0.57 0.55+0.60 NS
Interval between diagnosis 3.70£4.72 3.53+48I NS

and delivery, days

Newborn weight, g 2543.74 £ 827.29 2807.03 +773.75 NS
Apgar score Ist min 9.46 +1.39 9.68 £ 1.03 NS
Apgar score 5st min 9.77+£0.93 9.95+0.23 P=0.007

Data presented as mean =+ SD or median (range).

Normally distributed data were analysed by student’s t-test; data without normal distribution were analysed using
Mann—-Whitney U-test.

NS, no statistically significant between-group differences (P> 0.05).

Table 2. Pre-eclampsia risk factors and perinatal outcomes in pregnant females with pre-eclampsia,
grouped according to presence or absence of proteinuria.

Study group

Pre-eclampsia with Pre-eclampsia without  Statistical

Variable proteinuria (n = 364) proteinuria (n = 38) significance
Nulliparity 239 (65.7) 19 (50.0) NS
Age, >40 years 13 (3.6) 3(7.9) NS
Intrauterine growth restriction

Biparietal diameter, mm 86.39 +9.30 88.56 +-7.03 NS

Abdominal circumference, mm 297.87 £44.94 310.73+£38.91 NS

Amniotic fluid index, <50 24 (6.6) 2 (5.3) NS
Preterm rupture of membrane 14 (3.8) 5(13.2) P=0.010
Gestational age at delivery, <37 weeks 185 (50.8) 12 (31.6) P=0.024
Foetal distress 54 (14.8) 5(13.2) NS
Neonatal intensive care unit 128 (35.2) 9 (23.7) NS

Data presented as n (%) prevalence or mean 4 SD.

Normally distributed continuous data were analysed by student’s t-test; categorical variables were assessed using z>-test
or Fisher’s exact test.

NS, no statistically significant between-group differences (P > 0.05).

proteinuria  (50.8%  versus  31.6%, Discussion

P=0.024). However, the rate of preterm  Placental delivery remains the treatment for
membrane rupture was significantly lower  pre-eclampsia, so it is crucial to properly
in those with proteinuria versus those with- evaluate the severity of pre-eclampsia,
out (3.8% versus 13.2%, P=0.01). study the factors that will influence
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prognosis, and select the optimum delivery
time.'>'* The pathological change in preg-
nant women with pre-eclampsia is systemic
arteriolar spasm that can involve all organs,
with the kidney being the most commonly
affected organ. As a result of renal arterio-
lar spasm, renal perfusion volume and
glomerular filtration rate is decreased,
endothelial cells are damaged, glomerular
basement membrane permeability s
increased, and selective  proteinuria
occurs.'>!? In general, an increase in uri-
nary protein means an increase in the
degree of kidney function impairment,
therefore, the severity of pre-eclampsia
may be considered as directly associated
with the severity of proteinuria.

Although many studies have shown that
high levels of proteinuria are associated
with poor perinatal outcomes, the effect of
proteinuria on perinatal outcomes has not
yet been precisely proven.®'* In the present
study, patients with pre-eclampsia were
divided into two groups according to the
presence or absence of proteinuria.
Patients with pre-eclampsia accompanied
by proteinuria were found to be significant-
ly younger than patients without protein-
uria, suggesting that age may be an
important factor affecting the presence or
absence of proteinuria in pre-eclampsia. In
addition, the incidence of preterm mem-
brane rupture was significantly higher in
patients with pre-eclampsia who had pro-
teinuria compared with those without pro-
teinuria. Therefore, adequate assessment of
the severity of pre-eclampsia, including the
presence or absence of proteinuria, may
help obstetricians to achieve better manage-
ment protocols.

The present study found that rates of the
perinatal adverse effect of delivery before
the 37" gestational week were significantly
higher in patients with proteinuria.
Previously published studies have shown
that higher mean levels of proteinuria
were associated with maternal adverse

effects,’” maternal proteinuria may be a
good predictor for pre-eclampsia,'® and
adverse perinatal outcomes are higher still
in women with proteinuria.'” Fifth minute
newborn Apgar scores in the present study
were found to be statistically different
between patients with pre-eclampsia who
had proteinuria versus those without pro-
teinuria, however, scores were clinically
normal in both groups. The presence of
proteinuria during gestation has been
shown to increase the risk of maternal com-
plications, and was observed to be associat-
ed with a significant incidence of newborn
Apgar scores <7."® Furthermore, severe
and massive proteinuria was found to be
associated with a significantly higher inci-
dence of Apgar scores <7 compared with
mild proteinuria.'” Conversely, other stud-
ies have shown that there are no significant
associations between proteinuria and out-
come in pregnant women and foetuses.” >

The results of the present study may be
limited by several factors. First, the study
was a retrospective design, and the single-
centre setting with relatively small sample
size may limit with wider generalizability
of the results; secondly, some relevant var-
iables were not taken into account due to
the retrospective data collection; and third-
ly, the data were not adjusted for two base-
line variables (maternal age and Apgar
score). Future research should involve a
prospective multi-centre study with larger
sample size, a relatively large number of
parameters and the presence of long-term
patient outcomes to explore the adverse
prenatal outcomes of proteinuria in pre-
eclampsia progression.

In summary, as one of the major charac-
teristics of pre-eclampsia, proteinuria does
not necessarily appear together with hyper-
tension, as some cases present with hyper-
tension alone. The present study showed
that patients with pre-eclampsia and pro-
teinuria may have the adverse perinatal out-
come of delivery before 37 weeks of
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gestation, and the incidence of preterm
membrane rupture was significantly higher
in patients with pre-eclampsia and protein-
uria than in those without proteinuria. The
results suggest that proteinuria may have an
adverse effect on maternal and neonatal
outcomes in pregnant women with pre-
eclampsia.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Yun Wang (® https://orcid.org/0000-0002-5437-
9824

References

1. Steegers EA, von Dadelszen P, Duvekot JJ,
et al. Pre-eclampsia. Lancet 2010; 376:
631-644.

2. Payne B, Magee LA and von Dadelszen P.
Assessment, surveillance and prognosis in
pre-eclampsia. Best Pract Res Clin Obstet
Gynaecol 2011; 25: 449-462.

3. Abalos E, Cuesta C, Grosso AL, et al.
Global and regional estimates of preeclamp-
sia and eclampsia: a systematic review. Eur J
Obstet Gynecol Reprod Biol 2013; 170: 1-7.

4. Sarno L, Maruotti GM, Saccone G, et al.
Pregnancy outcome in proteinuria-onset
and  hypertension-onset  preeclampsia.
Hypertens Pregnancy 2015; 34: 284-290.

5. Leijnse JEW, de Heus R, de Jager W, et al.
First trimester placental vascularization and
angiogenetic factors are associated with
adverse pregnancy outcome. Pregnancy
Hypertens 2018; 13: 87-94.

6. Ekiz A, Kaya B, Polat I, et al. The outcome
of pregnancy with new onset proteinuria
without hypertension: retrospective

10.

11.

13.

14.

15.

16.

observational study. J Matern Fetal

Neonatal Med 2016; 29: 1765-1769.

. Guida JP, Parpinelli MA, Surita FG, et al.

The impact of proteinuria on maternal and
perinatal outcomes among women with pre-
eclampsia. Int J Gynaecol Obstet 2018; 143:
101-107.

. Newman MG, Robichaux AG, Stedman

CM, et al. Perinatal outcomes in preeclamp-
sia that is complicated by massive protein-
uria. Am J Obstet Gynecol 2003; 188:
264-268.

. American College of Obstetricians and

Gynecologists and Task Force on
Hypertension in Pregnancy. Hypertension
in pregnancy. Report of the American
College of Obstetricians and Gynecologists’
Task Force on Hypertension in Pregnancy.
Obstet Gynecol 2013; 122: 1122-1131.
Tranquilli AL, Dekker G, Magee L, et al.
The classification, diagnosis and manage-
ment of the hypertensive disorders of preg-
nancy: a revised statement from the ISSHP.
Pregnancy Hypertens 2014; 4: 97-104.

Zhou JY, Zhang M, Li S, et al. Research on
the Revision of International Classification
Rules for Pre-eclampsia. China’s medical
record. 2018, p.24-26.

. Dekker GA. Management of preeclampsia.

Pregnancy Hypertens 2014; 4: 246-247.
English FA, Kenny LC and McCarthy FP.
Risk factors and effective management of
preeclampsia. Integr Blood Press Control
2015; 8: 7-12.

Mateus J, Newman R, Sibai BM, et al.
Massive urinary protein excretion associated
with greater neonatal risk in preeclampsia.
AJP Rep 2017; 7: e49—e38.

Bouzari Z, Javadiankutenai M, Darzi A,
et al. Does proteinura in preeclampsia have
enough value to predict pregnancy outcome?
Clin Exp Obstet Gynecol 2014; 41: 163—168.
Geographic variation in the incidence of
hypertension in pregnancy. World Health
Organization International Collaborative
Study of Hypertensive Disorders of
Pregnancy. Am J Obstet Gynecol 1988; 158:
80-83.

. Bramham K, Poli-de-Figueiredo CE, Seed

PT, et al. Association of proteinuria thresh-
old in pre-eclampsia with maternal and


https://orcid.org/0000-0002-5437-9824
https://orcid.org/0000-0002-5437-9824
https://orcid.org/0000-0002-5437-9824

Xu et al.

19.

20.

perinatal outcomes: a nested case control
cohort of high risk women. PLoS One
2013; 8: €76083.

. Coelho TM, Martins MG, Viana E, et al.

Proteinuria in hypertensive syndrome of
pregnancy: maternal and perinatal outcome.
Rev Assoc Med Bras (1992) 2004; 50:
207-213 [In Portuguese, English abstract].
Tanacan A, Fadiloglu E and Beksac MS.
The importance of proteinuria in preeclamp-
sia and its predictive role in maternal and
neonatal outcomes. Hypertens Pregnancy
2019; 38: 111-118.

Thangaratinam S, Coomarasamy A,
O’Mahony F, et al. Estimation of protein-
uria as a predictor of complications of pre-
eclampsia: a systematic review. BMC Med
2009; 7: 10.

21.

22.

23.

van der Tuuk K, Holswilder-Olde
Scholtenhuis MA, Koopmans CM, et al.
Prediction of neonatal outcome in women
with gestational hypertension or mild pre-
eclampsia after 36 weeks of gestation.
J Matern Fetal Neonatal Med 2015; 28:
783-789.

Payne B, Magee LA, Cote AM, et al. PIERS
proteinuria: relationship with adverse mater-
nal and perinatal outcome. J Obstet
Gynaecol Can 2011; 33: 588-597.

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



	table-fn4-0300060520908114
	table-fn5-0300060520908114
	table-fn6-0300060520908114
	table-fn1-0300060520908114
	table-fn2-0300060520908114
	table-fn3-0300060520908114

