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A B S T R A C T

Background. Pre-eclampsia (PE) and chronic kidney disease
(CKD) are known to be associated. Our objective was to assess
the prevalence of CKD in a large multicentre cohort of women
without acknowledged CKD who experienced a PE episode.
Methods. The setting for the study was France (Le Mans,
Central France) and Italy (Cagliari, Sardinia). The study partici-
pants were patients who experienced PE in 2018–19, identified
from the obstetric charts. Patients with known–acknowledged
CKD were excluded. Only singletons were considered.
Persistent (micro)albuminuria was defined as present and con-
firmed at least 3 months after delivery. CKD was defined
according to the Kidney Disease Outcomes Quality Initiative
guidelines; urinary alterations or low eGFR confirmed at a dis-
tance of at least 3 months, or morphologic changes. Patients
were divided into four groups: evidence of CKD; no evidence
of CKD; unclear diagnosis-ongoing work-up; or persistent
microalbuminuria. The outcome ‘diagnosis of CKD’ was ana-
lysed by simple and multiple logistic regressions. Temporal se-
ries (week of delivery) were analysed with Kaplan–Meier curves
and Cox analysis.
Results. Two hundred and eighty-two PE pregnancies were
analysed (Le Mans: 162; Cagliari: 120). The incidence of CKD
diagnosis was identical (Le Mans: 19.1%; Cagliari: 19.2%);
no significant difference was found in unclear-ongoing
diagnosis (6.2%; 5.8%) and microalbuminuria (10.5%; 5.8%).
Glomerulonephritis and diabetic nephropathy were more fre-
quent in Cagliari (higher age and diabetes prevalence), and in-
terstitial diseases in Le Mans. In the multivariate logistic regres-
sion, CKD diagnosis was associated with preterm delivery
(adjusted P¼ 0.035). Gestation was 1 week shorter in patients
diagnosed with CKD (Kaplan–Meier P¼ 0.007). In Cox

analysis, CKD remained associated with shorter gestation after
adjustment for age and parity.
Conclusions. The prevalence of newly diagnosed CKD is high
after PE (19% versus expected 3% in women of childbearing
age), supporting a systematic nephrology work-up after PE.

Keywords: chronic kidney disease, pre-eclampsia, pregnancy,
preterm delivery, proteinuria

I N T R O D U C T I O N

The complex relationship between chronic kidney disease
(CKD) and pre-eclampsia (PE) is still not fully clear and, al-
though it is acknowledged that each disorder may predispose to
the other, the lack of systematic assessment of women with a
history of PE for detecting the presence of CKD is an important
limit to our knowledge [1–9]. PE is recognized as a predictor of
the future development of CKD, as well as a window on future
cardiovascular health in the mother [3–8]. In the natural history
of CKD after PE a role of pre-existing, yet undiagnosed,
CKD has been suggested, but not quantified [3–6]. This is an
important knowledge gap, and since early CKD is frequently
asymptomatic, it is likely to go undetected unless a specific
work-up is performed [9].

In spite of growing claims about the importance of follow-
up after PE, few scientific societies recommend a nephrology
evaluation after PE; such an evaluation should allow disclosure
of the presence of a previously undetected CKD, and identifica-
tion and correction, whenever possible, of risk factors, some of
which are ultimately shared by CKD and PE [3, 6, 9].

In spite of over 2000 publications per year addressing differ-
ent aspects of PE, only two small, single-centre studies have
reported some data on the prevalence of CKD in patients who
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experienced an episode of PE [3, 10]. The first study was aimed
at quantifying common risk factors in end-stage kidney disease
and PE, matching two cohorts of patients, one derived from the
US Renal Data System, and one of the women who gave birth
in Olmsted County, Minnesota. In a small cohort of 44 women
that started renal replacement therapy on average 17 years after
pregnancy, the incidence of previous PE was 18%; overall in
21% of the cases CKD was evident before the first pregnancy;
no data were, however, available on pre-existing CKD and PE
[3].

In a pilot study of our group, the records of 99 women who
had experienced an episode of PE in our hospital in 2017 were
examined; in this initial study, we did not exclude multiple
pregnancies, and divided the evaluation into CKD versus no-
CKD [10].

To overcome the limitations of a single-centre study, with
small sample size, and to try to adjust for confounders, such as
multiple pregnancies, we undertook the present multicentre
study. We gathered data in the same period (2017–19) in two
nephrology centres (Le Mans, France and Cagliari, Italy).
The study’s primary objective was to assess the prevalence and
the characteristics of the newly diagnosed CKD in women who
had experienced an episode of PE; furthermore, we tried to
identify the characteristics, if any, of PE occurring in the context
of CKD.

We named the study with the acronym PRE-Eclampsia
Early CKD Diagnosis, to underline the possibility of profiting
from the occurrence of PE to allow early CKD diagnosis.

M A T E R I A L S A N D M E T H O D S

Settings of study

This study was undertaken in France (Le Mans, Sarthe
district in Central France) and Italy (Cagliari, Sardinia Island).
The Centre Hospitalier Le Mans (CHM), one of the largest
non-university hospitals in France, has an obstetric service with
�3500 deliveries per year; dedicated consultations for women
experiencing an episode of PE have been available since 2017
[10]. The Obstetric Unit is the only tertiary care in the Sarthe

(�560 000 inhabitants). Patients with severe PE, haemolysis,
elevated liver enzymes and low platelets (HELLP) or other
relevant obstetric pathology are routinely referred to CHM.
According to the hospital management system, in 2017–19, the
estimated annual incidence of PE was 3–3.5%.

The Azienda Ospedaliera Brotzu, Cagliari, is the largest hos-
pital in Sardinia, an Italian island with�1.6 million inhabitants.
The obstetric ward follows 800–1000 deliveries per year,
offering care for high-risk pregnancies (thalassaemia, diabetes,
kidney and autoimmune diseases). Since 1995, a nephrology
outpatient service is dedicated to kidney diseases in pregnancy.
According to the hospital data, the annual incidence of PE was
�5% in 2017–19.

Definitions employed

CKD was defined according to the 2002 Kidney Disease
Outcomes Quality Initiative classification and stratification:
kidney damage for �3 months as defined by structural or
functional anomalies of the kidney, with or without decreased
glomerular filtration rate (GFR), manifest by either pathological
abnormalities or markers of kidney damage, including abnor-
malities in the composition of blood or urine, or abnormalities
in imaging tests; or GFR<60 mL/min/1.73 m2 for �3 months
with or without kidney damage [11].

In the cases that attended one or more consultations in ne-
phrology, CKD staging was confirmed at least once, at a dis-
tance of at least 3 months, after the initial evaluation.

Otherwise, cases waiting for confirmation of CKD, or
with unclear data, were classified as unclear diagnosis-ongoing
work-up.

eGFR at diagnosis was not considered, due to its variable
behaviour in PE, and only data available for at least 3 months
after delivery were considered for definition of persistent micro-
albuminuria or reduced eGFR. Furthermore, while severe PE
may reduce the eGFR, hyperfiltration is common in pregnancy
and data recorded shortly after delivery may still reflect this
physiological adaptation. In this context, to avoid overestima-
tion of the prevalence of CKD, we chose to risk the bias of un-
derestimation, considering as without CKD the women who

KEY LEARNING POINTS

What is already known about this subject?

• pre-eclampsia (PE) and chronic kidney disease (CKD) are associated; and
• CKD is a risk factor for developing PE, but the prevalence of CKD among pre-eclamptic women is unknown.

What this study adds?

• the prevalence of CKD not previously known in patients experiencing an episode of PE is high, �20%; and
• this is the first large multicentre study on the prevalence of CKD in women with PE.

What impact this may have on practice or policy?

• A systematic nephrology work-up after PE allows early diagnosis and follow-up of CKD not previously known; and
• early CKD diagnosis may improve women’s health.
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displayed normal eGFR, no proteinuria and who were normo-
tensive at hospital discharge. In other terms, cases with normal-
ization of the kidney function, hypertension and proteinuria at
hospital discharge, and not evaluated in nephrology were con-
sidered as without CKD, even in the absence of demonstration
of normal kidney morphology.

PE and HELLP syndrome were defined according to the
American College of Obstetricians and Gynecologists guide-
lines: PE: hypertension (systolic blood pressure
�140 mmHg and/or diastolic blood pressure�90 mmHg
known to predate conception or detected before 20 weeks of
gestation, with no underlying cause), associated with pro-
teinuria (24-h excretion �300 mg), diagnosed after 20 weeks
of uneventful gestation up to 2 weeks post-partum. In the ab-
sence of proteinuria, new-onset hypertension with new onset
of any of the following: platelet count <100 000/lL, serum
creatinine >1.1 mg/dL, or doubling of concentration in ab-
sence of other renal diseases, transaminitis to twice normal
concentration of liver enzymes, pulmonary oedema and ce-
rebral/visual symptoms.

HELLP syndrome was defined as per the above guidelines
(alanine or aspartate transaminase levels �2 times upper limit
of normal); haemolysis (lactate dehydrogenase >600 U/L; pe-
ripheral blood smears with evidence of damaged erythrocytes;
serum bilirubin�1.2 mg/dL; platelet count<100 000/lL) [12].

Superimposed PE was defined as PE on already known, pre-
gestational hypertension, treated or not, or on already known
CKD [13].

Patients with known CKD who had been referred to the
obstetric ward by a nephrologist were excluded from this
analysis. Cases in which a kidney disease was known but had
been overlooked as a risk factor in pregnancy were retained,
since we considered that, in the absence of specific follow-up,
the natural history of PE was not influenced by prenatal care.
There were eight cases, four in Cagliari (one patient with sin-
gle kidney due to nephrectomy for carcinoma; one with ne-
phrectomy for malformation; two cases of diabetic
nephropathy, with proteinuria before pregnancy) four in Le
Mans (two patients with kidney graft; one case with vescico-
ureteral reflux with surgery in infancy; one case with relapsing
pyelonephritis).

Small for gestational age babies were defined according to
the two most commonly used cut-points: below the 5th and
10th centiles, following INTERGROWTH standards [14].

Preterm delivery was defined as delivery before 37 com-
pleted gestational weeks; early preterm delivery as before 34
and very-early preterm delivery as delivery before 28 completed
gestational weeks.

Obesity was defined by a pre-gestational body mass index
(BMI) �30 kg/m2; overweight as BMI between 25 and 30 kg/
m2, and underweight as BMI<20 kg/m2.

Age was considered as a risk factor when �40 years and
�20 years at delivery. The following clinical data were likewise
considered as potential risk factors for the development of PE:
previous hypertension, diabetes, collagen disease, assisted fertil-
ization, multiple pregnancies, personal or family history of PE,
BMI�30 and BMI<20 kg/m2.

Selection of the patients

The diagnoses of PE and HELLP syndrome were retrieved
from the diagnostic hospital discharge codes (Figure 1). All clin-
ical charts (electronic in Le Mans and paper-based in Cagliari)
were examined by a nephrology fellow (in Le Mans) or a junior
nephrologist (in Cagliari) and reviewed by the senior physicians
(respectively, G.B.P. in Le Mans and G.C. in Cagliari), to con-
firm the diagnosis of PE and assess the risk factors, as well as
the diagnosis of CKD.

In each setting, the nephrology seniors and the nephrology
fellows were unaware of the results found in the other setting.
The databases were merged, and a final coherence control was
performed by a senior nephrology fellow (C.M.) and a trained
statistician (A.C.).

As previously mentioned, the cases referred to obstetricians
by nephrologists (known and acknowledged CKD) were ex-
cluded; the cases in which CKD was known, but was not con-
sidered as being a risk factor for pregnancy-related outcomes,
were retained. Data about multiple pregnancies were gathered,
but were not considered in the statistical analysis.

All patients evaluated in the nephrology outpatient units
were seen by senior nephrologists (G.B.P. and G.C.). None of
the patients included in this study had been included in the pre-
vious analysis performed by our group in Le Mans [10].

The full list of gathered data is available as Supplementary
data.

Patients were divided into two groups: those evaluated solely
on the basis of their clinical charts and those evaluated in
nephrology.

In the case of evaluation on the basis of the clinical charts,
the diagnosis of CKD was retained when it was available in the
obstetrics clinical charts, or in other documents available in the
informatics system of the hospital, including further blood or
urinary tests (performed, e.g. in diabetology). In the absence of
evidence of CKD, patients not further seen, were classified as
without evidence of CKD. Exceptions were cases for which we
found only one test showing either proteinuria or low eGFR at
least 3 months after pregnancy; they were classified as ‘uncer-
tain’; all these patients were repeatedly invited to perform a ne-
phrology consultation, free of charge (three cases in Le Mans,
five in Cagliari).

The usual work-up for patients seen in nephrology encom-
passes a first nephrology consultation, usually 1–3 months after
delivery, followed by a day-hospital assessment (kidney ultra-
sounds, renal clearances, proteinuria and urinary electrolytes on
24-h urine collection, coagulation, antinuclear and anti-DNA
antibody tests, nutritional evaluation) at least 3 months after de-
livery. Further tests were prescribed on a case-by-case basis. In
case of normal ultrasounds and laboratory data, and in the ab-
sence of a clinical history of kidney disease, the patients were
considered as without evidence of CKD. For the sake of CKD di-
agnosis, the presence of proteinuria, albuminuria or microalbu-
minuria, in a test performed at least 3 months after delivery, was
confirmed at least once, after at least 3 months. The same crite-
rion was applied to reduced eGFR. Patients with persistent iso-
lated microalbuminuria (likewise confirmed) were analysed
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separately, since microalbuminuria may be a consequence of PE
and a marker of the increased risk of CKD after PE.

Statistical evaluation

The statistical analysis was performed with SPSS version 14
(IBM Corp., Armonk, NY, USA).

Results were displayed with the median and the interquartile
range (IQR).

With respect to the diagnosis of CKD, patients were divided
into four groups: evidence of CKD diagnosis; no evidence of
CKD diagnosis; unclear CKD diagnosis (e.g. intermittent pro-
teinuria; possible kidney scars, waiting for imaging confirma-
tion; unexplained early-onset hypertension and family history
of CKD); isolated microalbuminuria following the PE episode.

The continuous series were tested for normality using the
Shapiro–Wilk test, and homoscedasticity with Leven’s test.
According to the conditions of application, for comparing two
groups (e.g. seen in nephrology versus not seen in nephrology),
the independent Student’s t-test and Wilcoxon rank-sum test
were used. To compare three or more groups, one-way analysis
of variance and Kruskal–Wallis test were used.

The comparison of proportions was made with the chi-
squared or the Fisher’s exact test according to the subsampling
size involved.

The outcome ‘no evidence of CKD’ was tested against ‘evi-
dence of kidney involvement or possible kidney involvement’
(including in this definition the three categories of: CKD; ongo-
ing diagnostic work-up and microalbuminuria) by means of
multiple logistic regression, after testing for collinearity. The
choice of the covariates to include in the multivariate model
was based on either the statistical significance at the univariate
analysis, or the well-acknowledged clinical relevance (for in-
stance, age and week of delivery).

In the regression model, we tested the relationship with age
(dichotomized at the median, i.e. 34 years), week of delivery (di-
chotomized at 37 weeks), BMI before pregnancy (dichotomized
at 25 kg/m2), small for gestational age (<10th centile) and pri-
miparity. The model employed a backward deletion method
and standardized residuals were verified.

Temporal series (e.g. weeks of delivery) were visually ana-
lysed with the inversed Kaplan–Meier curves and the differen-
ces were tested through the log-rank test. Cox regression
analysis was performed through a backward deletion method to

1 Hospital discharge codes: preeclampsia, eclampsia, HELLP,
hypertensive disorders of pregnancy

1 Hospital discharge codes: preeclampsia, eclampsia, HELLP

Patients diagnosed with PE, 
pregnancy in 2018–2019:

660
 (hospital discharge codes1)

Patients with PE
superimposed on
CKD, followed by

a nephrologist
in pregnancy:

18

Patients with PE
confirmed on
clinical chart
assessment:

123

Patients
without PE

(unconfirmed
diagnosis):

519

Singleton
pregnancies:

120

Multiple
pregnancies:

3

Patients
evaluated

from clinical
charts only:

81

Patients
evaluated in
Nephrology:

39

Patients
evaluated

from clinical
charts only:

2

Patients
evaluated in
Nephrology:

1

Patients diagnosed with PE, 
pregnancy in 2018–2019:

262
 (hospital discharge codes1)

Patients with PE
superimposed on
CKD, followed by

a nephrologist
in pregnancy:

1

Patients with PE
confirmed on
clinical chart
assessment:

172

Patients
without PE

(unconfirmed
diagnosis):

89

Singleton
pregnancies:

162

Multiple
pregnancies:

10

Patients
evaluated

from clinical
charts only:

90

Patients
evaluated in
Nephrology:

72

Patients
evaluated

from clinical
charts only:

8

Patients
evaluated in
Nephrology:

2

Cagliari selection of patients Le Mans selection of patients

FIGURE 1: Study flowchart. In Le Mans, the codes relative to PE, eclampsia and HELLP were analysed (262 codes, 89 miscoded—hypertensive
disorders of pregnancy without proteinuria or other markers of PE; one patient followed-up conjointly with the nephrologist), since a previous
study showed misclassification of PE as hypertensive disorders of pregnancy in <5% of the cases [10], while the code PE was commonly chosen
in the case of other hypertensive disorders of pregnancy. In Cagliari, all the codes of hypertensive disorders of pregnancy were assessed, since
at a preliminary random sampling of the data, both coding errors were found to be present.
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assess the effect on week of delivery of the presence of kidney
involvement, and baseline age, BMI and parity (analysed as di-
chotomous data). Also in this case, the choice of the covariates
to include was based upon either the statistical significance at
the univariate analysis, or the well-acknowledged clinical rele-
vance (for instance, age or BMI).

Alpha error was fixed at 5%.

Ethical issues

All patients received written information about the retro-
spective study. Patients who were seen in the nephrology set-
tings gave written consent for the anonymous treatment of
their data for research purposes. Patients whose data were re-
trieved from the clinical charts received a written communica-
tion by mail (last available address). All patients seen in the
nephrology settings agreed to participate; no patient contacted
by mail or phone asked to be withdrawn from the study.

In accordance with the rules in force in each setting, the
study was approved by the hospital’s ethics committee in Le
Mans (session of 14 June 2018, updated 15 July 2020) and noti-
fication was given to the hospital’s ethics committee in Cagliari.

R E S U L T S

Baseline data

Table 1 reports the baseline data retrieved in the study’s two
settings. Overall, 282 singleton pregnancies complicated by a
PE episode were analysed (162 in Le Mans and 120 in Cagliari).
The most remarkable differences regard age, which is 6 years
higher in Cagliari, and the prevalence of diabetes, roughly dou-
ble in Cagliari. The prevalence of risk factors for PE was cumu-
latively >70% (Supplementary data, Table S1); previous PE was
found to be a potential contributory factor in�20% of cases. In
Le Mans, 44.4% of the patients were seen at least once by a ne-
phrologist, versus 32.5% in Cagliari. Patients seen in nephrology
were older than those not seen in nephrology in Le Mans, and
had a higher prevalence of hypertension in Cagliari.

Clinical characteristics of PE

The pattern of PE was significantly different in Le Mans and
Cagliari (Table 1). Gestation was �1 week longer in Cagliari,
while proteinuria was higher in Le Mans. Proteinuria at delivery
was<0.3 g/day only in two cases (PE diagnosed upon other cri-
teria). Caesarean section was more often employed in Cagliari,
while, despite the fact that babies born in Cagliari were in a
higher centile, they were more often hospitalized in the inten-
sive care unit. Supplementary data, Figure S1 reports the deliv-
ery curves in both settings.

In both settings, the patients who underwent a nephrology
evaluation had a significantly lower gestational week, and, as a
consequence, smaller babies and higher proteinuria, suggesting
that patients with severe PE are more often referred to a ne-
phrologist, and/or are more motivated to go to the recom-
mended consultation.

Prevalence of CKD, of microalbuminuria and of unclear
cases

The prevalence of newly diagnosed CKD was almost identi-
cal in the two settings: 19.1% in Le Mans and 19.2% in Cagliari
(Table 2). Likewise, the prevalence of unclear cases, still under
evaluation (6.2 and 5.8%) and the prevalence of isolated micro-
albuminuria after delivery (10.5 and 5.8%) were not signifi-
cantly different. As expected, both by non-random selection
and by in-depth evaluation, CKDs were most often diagnosed
in patients seen in nephrology; however, in 15/54 cases a diag-
nosis of CKD was retrospectively evident in the clinical chart.

In spite of a similar prevalence of CKD, the diseases found
were different. A glomerulonephritis or a diabetic nephropathy
was diagnosed in 9/23 cases in Cagliari, while in Le Mans 17/31
cases displayed urologic malformation, or pyelonephritis scars
(Supplementary data, Table S1). The role of imaging, biochemi-
cal data and clinical history in diagnosis is reported in
Supplementary data, Table S1. Of note, imaging was crucial to
the diagnosis of CKD in 32/54 cases. Pregnancy was the occa-
sion for diagnosing polycystic kidney disease in three cases. Of
note, in two patients the presence of a kidney graft was not con-
sidered an indication for specific stricter obstetric follow-up.
Overall, most cases were in CKD Stage 1 (64.8%); however, 5/
54 (9.3%) were classified as CKD Stage 3, and one patient was
in CKD Stage 4 after delivery, while 13/54 were in Stage 2
(24.1%).

Characteristics of PE occurring in patients with CKD

Patients diagnosed with CKD were significantly older com-
pared with patients without evidence of CKD, and also com-
pared with cases with an unclear diagnosis and those with
isolated microalbuminuria (Table 3). Probably as a reflection of
age, the prevalence of primiparity was lower in patients with ev-
idence of CKD while hypertension was significantly associated
with a diagnosis of CKD (Table 3).

As for the outcomes, no specific factors stand out as clearly
identifying patients who received a diagnosis of CKD after PE
(Table 4).

This was found either analysing patients according to CKD
diagnostic category or stratifying patients according to out-
comes (term of delivery, centiles and peak of proteinuria)
(Table 4). The only exceptions were a higher prevalence of
microalbuminuria in patients with babies with lower birth cen-
tile, possibly as a reflection of the severity of PE and a lower
peak proteinuria in patients without evidence of CKD
(Table 4).

Patients with a later diagnosis of CKD have a lower chance
of delivery at term, compared with those with no evidence of
CKD, and gestation is 1 week shorter (37 versus 38 weeks).
These differences are statistically significant in the Kaplan–
Maier analysis (P¼ 0.007; Figure 2).

Conversely, no difference was found in the prevalence of
small for gestational age babies, weight gain or Caesarean sec-
tion. The patterns are confirmed when analysis is limited to the
cases seen in nephrology (Supplementary data, Table S2). In the
context of a high prevalence of risk factors other than CKD,
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their presence was not associated with a specific pattern of PE
(Supplementary data, Table S3).

Multiple regression analysis and Cox analysis

In the multiple regression analysis, the outcome ‘any kind of
kidney involvement’ (including CKD diagnosis, microalbumi-
nuria and ongoing work-up) was confirmed as significantly as-
sociated with preterm delivery (adjusted odds ratio: 1.761;
P¼ 0.035, unadjusted odds ratio: 1.797; P ¼ 0.027), whereas
age, centile<10, BMI and parity were not (Table 5).

In Cox analysis, timing of delivery was significantly associ-
ated with CKD (higher probability of earlier delivery in the
presence of signs of kidney involvement), after adjustment for
age, BMI and parity (Table 6). No difference was found after ad-
justment for centre.

D I S C U S S I O N

This is the first study aimed at detecting the presence of CKD
not previously diagnosed in a large multicentre cohort of
patients who experienced an episode of PE. The main result is
an astonishingly similar prevalence of CKD (19.1 and 19.2%)
found after a PE episode in patients in the two study settings, in
spite of differences in the population, type of care and genetic
background (Tables 1 and 2). Of note, the definitions were de-
termined by two senior nephrologists, unaware of the other’s
data. The prevalence of ‘unclear cases’, i.e. cases in which there
were isolated clues suggesting a kidney disease, but evaluation
was still ongoing, and of isolated microalbuminuria, that could
represent the effect of PE, were likewise strikingly similar
(Table 2).

This finding is remarkably higher than the expected preva-
lence of CKD in women of childbearing age [15–18]. In fact, the
global prevalence of CKD worldwide considering all the five
stages and all ages, has been estimated at 13.4% [17] or, more
recently, 9.1% [19]. CKD prevalence increases with age [15, 17].
According to the National Health and Nutrition Examination
Survey data, the global prevalence of CKD Stages 1–4 in the
USA, in the period 1999–2004, was 13.07%. In the same sample,
in the age group 20–39 years, the prevalence of CKD Stages 1
and 2 was 3% and the prevalence of CKD Stages 3 or 4 was
<1% [15]. In Australia, the prevalence of CKD Stages 1–5 in
the age group 25–44 years has been estimated around 5% in the
period 2011–12 [20].

Data on the prevalence of CKD Stages 1 and 2 in the overall
population in France are lacking. In Italy, a study recently pub-
lished in Sardinia, the region of one of the participating centres,
found the prevalence of CKD Stages 1–5 at 15.1% [21]. In an-
other study performed in central Italy, the prevalence of CKD
Stages 3–5 among subjects aged 18–44 years was 0.6% in men
and 1.3% in women [22].

Interestingly, while the overall prevalence is similar, kidney
diseases are different: Sardinia has a well-known high incidence
of diabetes and immunologic diseases, and those were found in
about one-third of CKD diagnoses, while in Central France, in-
terstitial nephropathies, kidney malformations and pyelone-
phritis scars were more common, possibly in line with a higher
prevalence of obesity (Supplementary data, Table S1) [23, 24].T
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Of note, only about two-thirds of patients diagnosed with CKD
were in Stage 1, while 13/54 were in Stage 2 (24.1%) and 6/54
(11.1%) in Stage 3 (Supplementary data, Table S1).

While in most of the cases the diagnostic clues were based
on imaging and/or clinical history (imaging data were funda-
mental for diagnosis in 32/54 cases), we cannot exclude that in
some cases diagnosed upon persistence of proteinuria or reduc-
tion of the kidney function this might be the result of the PE ep-
isode in itself; only eight cases were diagnosed solely upon
biochemical data. Of note, one patient was later diagnosed with
membranous nephropathy and two had persistent haematuria
and proteinuria, while CKD was in Stage 3 in two further cases
(Supplementary data, Table S1). To try to limit the bias of con-
sidering as CKD those cases whose renal derangements result
from PE, patients with persistent microalbuminuria were con-
sidered as a separate category.

The second main result is that, when PE is associated with a
previously undiagnosed CKD, it is characterized by a gestation
time �1 week shorter. The duration of pregnancy is the only
difference in the features of PE in patients with or without signs
of CKD found in our study, while the risk of having a child

small for gestational age was not different. The difference in the
duration of pregnancy is significant in the univariate and multi-
variate logistic regressions, results also from the analysis of the
delivery curve (Kaplan–Maier) and is confirmed in the Cox
analysis, after adjustment for age, BMI and parity (Tables 5 and
6; Figure 2). No centre effect was likewise detected.

The differences in timing of delivery are not fully explained
by the presence of other clinical features of PE: patients with
and without CKD have similar BMI, and weight gain, while
patients with diagnosis of CKD are significantly older and with
higher prevalence of previous hypertension than patients with-
out sign of CKD. The differences are, however, of limited value
for allowing a clear clinical discrimination (hypertension: 23.3%
versus 14.4%; age 37 versus 31 years; Table 3). This lack of
highly specific features supports a policy of nephrology evalua-
tion for all patients having experienced a PE episode.

The reasons why a pregnancy in which PE is superimposed
on CKD should be shorter than a pregnancy not in the context
of CKD are not clear. While in many of the cases the diagnostic
hints suggest that CKD was already present [small kidneys, kid-
ney scars and autosomal dominant polycystic kidney disease

Table 3. Maternal and delivery characteristics at delivery according to the diagnosis of CKD after a PE episode

Overall P-value

No evidence
of CKD

Evidence
of CKD

Unclear Micro
albuminuria

Overall Evidence versus
no evidence of CKD

N 187 54 17 24
Anthropometric and clinical information
Age, median (IQR), years 31 (9) 37 (9) 31 (7) 32 (11) 0.002 <0.001

Age <20 years, n (%) 3 (1.6) 2 (3.7) 0 0 0.588 0.312
Age �40 years, n (%) 23 (12.3) 15 (27.8) 1 (5.9) 4 (16.7) 0.029 0.006

Parity (first), n (%) 104 (55.9) 22 (40.7) 8 (47.1) 11 (45.8) 0.222 0.003
Known HTA, n (%) 27 (14.4) 18 (23.3) 4 (23.5) 3 (12.5) 0.013 0.002
Known diabetes, n (%) 5 (2.7) 6 (11.1) 2 (11.8) 0 0.019 0.009
History of PE, n (%) 35 (18.7) 8 (14.8) 2 (11.8) 7 (29.2) 0.765 0.688
At least one risk factor, n (%) 116 (62.0) 45 (83.3) 10 (58.8) 17 (70.8) 0.027 0.003
BMI (kg/m2), median (IQR) 27.0 (10.0) 25.0 (12.0) 28.0 (10.0) 27.5 (13.0) 0.884 0.700

BMI�30 kg/m2, n (%) 54 (28.9) 18 (33.3) 5 (49.4) 8 (33.3) 0.111 0.274
Maternal and pregnancy information
Weight gain, median (IQR), kg 11.0 (8.0) 9.5 (7.0) 10.5 (7.3) 10.5 (8.8) 0.354 0.073
Week of delivery, median (IQR) 38 (4) 37 (4) 36 (3) 37 (6) 0.062 0.014

Week of delivery <28, n (%) 6 (3.2) 3 (5.6) 1 (5.9) 2 (8.3) 0.617 0.423
Week of delivery �28 to <34, n (%) 24 (12.9) 10 (18.5) 2 (11.8) 4 (16.7) 0.733 0.298
Week of delivery �34 to <37, n (%) 35 (18.8) 12 (22.2) 7 (41.2) 5 (20.8) 0.191 0.579
Week of delivery �37, n (%) 121 (65.1) 29 (53.7) 7 (41.2) 13 (54.2) 0.126 0.129

Proteinuria at delivery median (IQR), g/24 h 0.70 (2.00) 1.10 (3.64) 1.85 (4.03) 1.20 (3.72) 0.030 0.022
Caesarian, n (%) 132 (70.6) 41 (75.9) 12 (70.6) 18 (75.0) 0.952 0.621
HELLP, n (%) 26 (13.9) 5 (9.3) 3 (17.6) 6 (25.0) 0.567 0.442
ICU maternal, n (%) 7 (3.7) 2 (3.7) 2 (11.8) 3 (12.5) 0.422 0.999
Offspring information
Weight (g), median (IQR) 2750 (1080) 2560 (1360) 2530 (1010) 2380 (935) 0.250 0.331

Weight <2500 g, n (%) 70 (37.4) 24 (44.4) 8 (47.1) 13 (54.2) 0.591 0.389
Weight <1500 g, n (%) 22 (11.8) 8 (14.8) 3 (17.6) 5 (20.8) 0.722 0.527

Centiles, median (IQR) 23 (52) 19 (64) 23 (22) 8 (21) 0.274 0.805
Centiles <10, n (%) 61 (32.6) 17 (31.5) 6 (35.3) 15 (62.5) 0.159 0.894
Centiles <5, n (%) 41 (21.9) 13 (24.1) 5 (29.4) 8 (33.3) 0.864 0.844

NICU, n (%) 51 (27.3) 17 (31.5) 4 (23.5) 8 (33.3) 0.949 0.735
NICU, median (IQR), days 8 (11) 9 (13) 24 (13) 7 (26) 0.609 0.626

n, cohort size; HTA, arterial hypertension; ICU, intensive care unit; NICU, neonatal intensive care unit. Italic P-values in the case of one cell equal 0. In bold: statistically significant
differences.
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(ADPKD)], we cannot exclude that PE has played a sole or ad-
ditive role in cases with residual proteinuria or mild reduction
of kidney function. Notwithstanding this limitation, this finding
is here reported for the first time in the context of PE associated
with not previously known or acknowledged CKD, and is in
line with the unexplained higher incidence of pre-term delivery
in patients with known CKD, previously described, even in
Stage 1 patients. Likewise, data are in keeping with some

suggestions of a higher incidence of ‘late maternal’ PE in CKD
patients [25–27]. A different signature of placental biomarkers
has been described in known CKD, PE without known CKD
and superimposed PE on CKD [28–30]. Prospective studies
should be addressed at combining these suggestions, by propos-
ing a diagnostic work-up for diagnosing CKD in cohorts of PE
patients, systematically studied with placental biomarkers. The
observation that CKD was unacknowledged in eight cases, in-
cluding nephrectomy, other surgical interventions or kidney
transplantation, and that a family history of ADPKD does not
lead to further investigation underlines the need for higher
awareness of the link between CKD and PE.

Collaterally, our study also found that, in addition to CKD,
other risk factors for PE were present in the majority of
cases (Tables 1 and 3; Supplementary data, Table S3) [31, 32].
Of note, previous PE was recorded in �20% of our cases, and
its prevalence rose to >35% when only multiparous women
were considered (Table 1). Overweight and obesity, risk factors
shared by CKD and PE, were extremely frequent, as the median
preconception BMI in our population was 26 kg/m2 (Table 1)
[3, 33]. In keeping with previous studies, proteinuria levels dur-
ing pregnancy were not associated with an increased prevalence
of CKD, although patients with no evidence of CKD displayed
lower peak proteinuria (Table 4) [34].

Our study, which has the advantage of being the first mul-
ticentre one aimed at assessing the prevalence of CKD in a
large cohort of patients with a history of PE, is not devoid of
limitations. It is retrospective, and not all the patients were
evaluated in nephrology. The prevalence of attendance to
the post-partum obstetric visits is reported as between 50%
and 80% [35, 36]. The attendance to a nephrology visit, the
importance of which is less immediately evident, is expected

Table 4. Prevalence of CKD in the study population according to week of delivery, newborn centile and proteinuria

All cases

Week of delivery

<34 34–37 �37 P-value

N 52 59 170
Evidence of CKD, n (%) 13 (25.0) 12 (20.3) 29 (17.1) 0.432
No evidence of CKD, n (%) 30 (57.7) 35 (59.3) 121 (71.2) 0.090
Unclear, work-up ongoing, n (%) 3 (5.8) 7 (11.9) 7 (4.1) 0.117
Microalbuminuria after pregnancy, n (%) 6 (11.5) 5 (8.5) 13 (7.6) 0.680

Centile
<10 �10 P-value

n 99 180
Evidence of CKD, n (%) 17 (17.2) 36 (20.0) 0.564
No evidence of CKD, n (%) 61 (61.6) 124 (68.9) 0.219
Unclear, work-up ongoing, n (%) 6 (6.1) 11 (6.1) 0.987
Microalbuminuria after pregnancy, n (%) 15 (15.2) 9 (5.0) 0.004

Proteinuria
<3 �3 P-value

n 198 73
Evidence of CKD, n (%) 37 (18.7) 17 (23.3) 0.400
No evidence of CKD, n (%) 138 (69.7) 40 (54.8) 0.022
Unclear, work-up ongoing, n (%) 9 (4.5) 7 (9.6) 0.118
Microalbuminuria after pregnancy, n (%) 14 (7.1) 9 (12.3) 0.168

Data about delivery week were not available for one patient; data about centile was not available for three patients; data about proteinuria were not available for 11 patients. In bold: sta-
tistically significant differences.

No CKD:
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% of deliveries
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FIGURE 2: Timing of delivery in CKD and non-CK pre-eclamptic
patients (P¼ 0.007).
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to be lower, as was observed in our study (39.4%); this draw-
back indicates the importance of strengthening the
cooperation between obstetrics and nephrology to improve
adherence to the post-partum work-up.

This bias does not reduce, and may on the contrary enhance
the weight of the key message, i.e. the high prevalence of
CKD in PE, since CKD prevalence may be underestimated in
our study, considering that several kidney diseases are only
detectable using imaging techniques, performed only for the
cases evaluated in nephrology (Supplementary data, Table S1).

The two study populations are heterogeneous; the baseline
differences regard age, and prevalence of diabetes and are
reflected by the different kidney diseases detected in the two set-
tings, possibly linked with different genetic backgrounds.
Differences are probably also related to clinical approaches
(higher rate of Caesarean section in Cagliari, with a greater
degree of expectant management) (Table 1; Supplementary
data, Figure S1). However, this heterogeneity may give value
to the finding of an identical prevalence in the two settings
(Table 2).

Several questions remain unanswered: the role of kidney
function reduction before pregnancy, the specific role of PE in

the functional impairment or in persistent proteinuria and the
type of kidney disease that cannot be analysed in this cohort. It
would be interesting to understand if there is a loss of chance if
the diagnosis of CKD is unknown until pregnancy; due to the
high heterogeneity of CKD, we think that an answer will be
found by following up these patients in subsequent pregnan-
cies, to evaluate if there are differences between pregnancies
followed up in nephrology or not. Moreover, we found no
differences in newborns’ centiles or birth weight between
mothers with or without evidence of CKD, but subtle
differences could have been missed due to the fact that we
were not able to assess all patients in the nephrology setting,
or to evaluate them at PE onset. These are goals for a future
prospective, multicentre study.

In conclusion, the prevalence of unknown, or unacknowl-
edged CKD is high in patients who experienced one episode
of PE, and was found to be around 19% in a large multicentre
cohort. This finding supports the need for including a nephrol-
ogy work-up for all patients who have experienced an episode
of PE.
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Table 6. Cox regression analysis for timing of delivery

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Univariate Adjusted model

dicotomized

Age (�33 years) 1.056 0.834–1.336 0.651 0.936 0.726–1.205 0.606
BMI (>25 kg/m2) 0.835 0.656–1.064 0.146 0.814 0.636–1.041 0.100
Primiparity 1.075 0.947–1.220 0.264 0.794 0.616–1.024 0.076
CKD signs 1.375 1.071–1.764 0.012 1.426 1.099–1.850 0.008

CI: confidence interval ; CKD signs: sign of kidney involvement (evidence of CKD, ongoing follow-up and microalbuminuria). In bold: statistically significant differences.

Table 5. Backward logistical regression analysis: no evidence of CKD ver-
sus any sign of present or possible kidney involvement (evidence of CKD,
ongoing follow-up and microalbuminuria)

Odds ratio 95% CI P-value

Step 1
Age �34 years 1.483 0.860–2.556 0.156
Week of delivery <37 1.761 1.039–2.983 0.035
BMI >25 kg/m2 0.905 0.535–1.533 0.712
Primiparity 0.664 0.390–1.131 0.132
Centile <10 1.415 0.810–2.471 0.222
Step 2
Age �34 years 1.499 0.872–2.577 0.143
Week of delivery <37 1.769 1.045–2.995 0.034
Primiparity 0.673 0.397–1.141 0.141
Centile <10 1.414 0.810–2.469 0.223
Step 3
Age �34 years 1.397 0.825–2.364 0.213
Week of delivery <37 1.834 1.087–3.092 0.023
Primiparity 0.680 0.402–1.150 0.150
Step 4
Week of delivery <37 1.797 1.069–3.022 0.027
Primiparity 0.640 0.382–1.072 0.090

CI, confidence interval.
In bold: statistically significant differences.
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