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Abstract
Purpose of Review Preeclampsia and chronic kidney disease have a complex, bidirectional relationship. Women with kidney
disease, with evenmild reductions in glomerular filtrate rate, have an increased risk of developing preeclampsia. Preeclampsia, in
turn, has been implicated in the subsequent development of albuminuria, chronic kidney disease, and end-stage kidney disease.
We will discuss observational evidence and mechanisms linking the two disease processes.
Recent Findings Preeclampsia is characterized by an imbalance in angiogenic factors that causes systemic endothelial dysfunc-
tion. Chronic kidney disease may predispose to the development of preeclampsia due to comorbid conditions, such as hyper-
tension, but is also associated with impaired glycocalyx integrity and alterations in the complement and renin-angiotensin-
aldosterone systems. Preeclampsia may lead to kidney disease by causing acute kidney injury, endothelial damage, and podocyte
loss.
Summary Preeclampsia may be an important sex-specific risk factor for chronic kidney disease. Understanding how chronic
kidney disease increases the risk of preeclampsia from a mechanistic standpoint may open the door to future biomarkers and
therapeutics for all women.
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Introduction

There have been significant advances in our understanding of
the pathogenesis of preeclampsia over the last two decades.
Preeclampsia is a systemic disorder characterized by endothe-
lial dysfunction that impacts multiple organ systems, includ-
ing the kidney, where the most common presentation is new-
onset proteinuria. The impact of preeclampsia on kidney his-
tology has been well documented, with postpartum biopsies
demonstrating classic pathologic features, including glomeru-
lar endotheliosis and vascular injury [1, 2]. While proteinuria
typically resolves within months of delivery, there is an
expanding body of evidence suggesting that there is a future
risk of kidney disease after preeclampsia. Preeclampsia has
been associated with an increased risk of albuminuria [3, 4],

chronic kidney disease (CKD) [5], and end-stage kidney dis-
ease (ESKD) [5–8]. As women tend to be older and havemore
comorbidities at the time conception in the more recent era [9],
the incidence of preeclampsia has been increasing [10], which
makes preeclampsia a potentially important sex-specific risk
factor for CKD.

Confounding the “cause and effect” relationship of pre-
eclampsia and kidney disease is the fact that kidney disease
itself is a significant risk factor for preeclampsia. Kidney do-
nation [11•], stage 1 CKD [12], and a previous episode of
resolved acute kidney injury [13] have all been associated
with an increased risk of preeclampsia, suggesting that even
mild kidney dysfunction can be significant. Women with kid-
ney disease often have concomitant hypertension, which is
also a risk factor for superimposed preeclampsia [14].
Whether undiagnosed kidney disease is present at the time
of conception, leading to both an increased risk of preeclamp-
sia and an increased risk of significant kidney disease in the
future, is still unclear [7, 15].

In this review, we will review the current definitions of
preeclampsia and discuss the pathogenesis of preeclampsia,
focusing on specific connections to the kidney. We will also
review the observational evidence supporting the bidirectional
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relationship between kidney disease and preeclampsia, dis-
cuss mechanisms linking the two disease processes, and con-
sider future directions.

Definitions of Preeclampsia

Preeclampsia is characterized by widespread endothelial dys-
function that can affect multiple organ systems. Preeclampsia
is one of 4 major hypertensive disorders of pregnancy, which
include preeclampsia/eclampsia, chronic hypertension, chron-
ic hypertension with superimposed preeclampsia and gesta-
tional hypertension. The American College of Obstetrics and
Gynecology (ACOG) released a report in 2013, updating the
definitions of these 4 conditions [16]. Preeclampsia is defined
as the presence of blood pressure elevation > 140 mmHg and/
or 90 mmHg after 20 weeks’ gestation with either proteinuria
(defined as 300 mg of protein in 24 h or a protein/creatinine
ratio of 0.3 g/g creatinine (Cr)) or, in the absence of protein-
uria, other severe features (Table 1). Severe features can in-
clude thrombocytopenia, acute kidney injury (defined as se-
rum Cr of 1.1 mg/dl or greater or a doubling of serum Cr),
abnormal liver function tests, pulmonary edema, or neurologic
abnormalities, such as seizures or visual symptoms. The
International Society for Hypertension in Pregnancy
(ISSHP), another major society, also updated their diagnostic
criteria in 2018 (Table 1) [17]. Similar to the ACOG guide-
lines, proteinuria is no longer required for the diagnosis of
preeclampsia if other severe features are present. The ISSHP
also includes evidence of ureteroplacental insufficiency as a
severe feature.

The removal of proteinuria as an absolute requirement for
the diagnosis of preeclampsia is in part an acknowledgment of
the heterogeneity of the condition [18]. Hemolysis elevated
liver enzymes and low platelets (HELLP) syndrome, as an
example, can present without significant proteinuria, though
is a severe manifestation of the disease [19]. Furthermore, the
degree of proteinuria has not been shown to consistently cor-
relate with maternal or fetal outcomes, and thus heavy protein-
uria (> 5 g in 24 h), is no longer a severe feature in the ACOG
guidelines [20, 21]. The lack of correlation could simply be a
timing issue. If a woman presents early in the course of pre-
eclampsia, she may have minimal proteinuria, as com-
pared to a woman who presents later in the course with
heavy proteinuria; the underlying pathophysiology has
not changed in the two women. For this reason, both
ACOG and ISSHP discourage the term “mild” to de-
scribe preeclampsia, as what may be mild at presenta-
tion may become severe with time. Spot urine protein-
to-creatinine measurements have been shown to have
good correlation with 24-h urine protein measurements
in preeclampsia [22], and allow for the rapid diagnosis
and management of pregnant women.

Pathogenesis of Preeclampsia: the Role of the
Placenta

The placenta is a central actor in the pathogenesis of pre-
eclampsia. While preeclampsia is a condition unique to preg-
nancy, it can also occur in the setting of a molar pregnancy,
suggesting that it is the trophoblastic tissue, and not the fetal
tissue, that is necessary for the disease to develop [23]. In
preeclamptic placentas, the cytotrophoblast fails to invade
and remodel the spiral arteries, creating high resistance vessels
and, ultimately, placental hypoxia [24]. Pathologic examina-
tion of the placentas from women with preeclampsia reveals
multiple characteristic changes, including infarctions,
narrowing of the arterioles, fibrin deposition, and thrombosis
[25, 26]. Preeclampsia tends to resolve after the delivery of the
placenta, which also points to its essential role, with the nota-
ble exception of postpartum preeclampsia, a rare but highly
morbid condition [18, 27].

While the placenta is essential for the development of pre-
eclampsia, there are several maternal risk factors that can in-
crease the risk of preeclampsia. Older age at pregnancy,
chronic hypertension, diabetes, autoimmune disease, obesity,
and CKD are all risk factors for the development of pre-
eclampsia [14, 28, 29]. Each individual woman who develops
preeclampsia may have more or less contribution from pla-
cental and maternal risk factors, giving rise to the con-
cept of a maternal and a placental phenotype of pre-
eclampsia. For example, early, preterm preeclampsia (<
34 weeks’ gestat ion) is characterized by more
ureteroplacental dysfunction and intrauterine growth re-
striction than term preeclampsia (> 37 weeks) and, thus,
could be considered placental preeclampsia [30]. This is
a particularly useful paradigm for research purposes, in-
cluding the study of biomarkers discussed further below.
In practice, there is a significant amount of overlap in
many clinical scenarios [31].

Abnormal placentation, due to a combination of maternal
and placental factors, ultimately leads to placental ischemia,
setting off a cascade of downstream events. The placenta will
increase the production of soluble fms-like tyrosine kinase-1
(sFlt-1), a splice-variant of the vascular endothelial growth
factor (VEGF) receptor Flt-1, that lacks the transmembrane
and cytoplasmic domains. The soluble receptor, sFlt-1, will
then bind pro-angiogenic factors, such as VEGF and placental
growth factor (PlGF), tipping the balance toward an anti-
angiogenic state. Women with preeclampsia, particularly pre-
term preeclampsia, have elevated sFlt-1/PlGF ratios, and this
can be a useful test to rule out preeclampsia in the short term
[32–34]. This angiogenic imbalance is associated with lower
levels of nitric oxide and other vasodilatory factors, higher
levels of cytokines such as TNF-α and interleukin (IL)-6,
and systemic vasoconstriction [24, 32, 35]. IL-10, an immu-
nomodulatory molecule that regulates the maternal-fetal
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interface and the vasculature, is also dysregulated in the set-
ting of preeclampsia [36].

While the placenta is a critical factor in the pathogenesis of
preeclampsia, there are several pathways, both up and down-
stream, that are important to consider when evaluating the
bidirectional relationship between kidney disease and pre-
eclampsia. We will next review the observational evidence
linking kidney disease and preeclampsia, and discuss potential
pathogenic mechanisms.

Observational Evidence: Kidney Disease as a Risk
Factor for Preeclampsia

CKD is a well-established risk factor for the development of
preeclampsia [12, 37]. The risk of preeclampsia appears to be
related to both the degree of glomerular filtration rate (GFR)
reduction, as well as to the presence or absence of hyperten-
sion. Hypertension is a significant risk factor for preeclampsia,
in women with and without kidney dysfunction. In pregnan-
cies complicated by chronic hypertension, approximately 15–
25% will develop superimposed preeclampsia [17, 38].
However, preeclampsia risk also appears to be related directly
to GFR, which is particularly well-demonstrated in pregnan-
cies of living kidney donors without significant hypertension
[11, 39, 40]. A Norwegian birth registry study found that
women were more likely to have preeclampsia after kidney
donation (5.7%) as compared to before donation (2.6%, p =
0.026), though there was not an increased risk of adverse fetal
outcomes [40]. None of the kidney donors with preeclampsia
after delivery had a diagnosis of chronic hypertension. A
study evaluating pregnancy outcomes after donation in
Ontario, Canada, also demonstrated an increased risk of pre-
eclampsia after kidney donation as compared to matched con-
trols (11% vs. 5%, odds ratio (OR) 2.7, 95% confidence in-
terval (CI) 1.2–5.0) [11•]. Similar to the Norwegian study,
there was no increase in the risk of preterm birth, low birth
weight, stillbirth or neonatal death in pregnancies after kidney
donation. These findings suggest that most of the preeclamp-
sia occurred at term and was without severe features, i.e., a
“maternal” phenotype of preeclampsia. Women with single
kidneys due to unilateral renal agenesis have also been shown
to have an increased risk of preeclampsia or eclampsia (OR,
2.41; 95% CI, 1.23–4.72) [41]. A recent study found that a
prior episode of resolved acute kidney injury may increase the
risk of preeclampsia in future pregnancies [13]. Taken togeth-
er, these observational studies suggest that a reduction in
GFR, even if mild and/or transient, can increase the risk of
preeclampsia. In women with a diagnosis of CKD, either due
to systemic or kidney-limited disease, the risk of preeclampsia
and adverse pregnancy outcomes can be even more striking,
with the presence of preexisting hypertension and baseline
proteinuria further modifying the risk. Preeclampsia can be a
difficult diagnosis to make in women with established CKDTa
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due to presence of preexisting hypertension and proteinuria,
which will tend to progressively worsen over the course of
pregnancy [42–44]. Therefore, a sudden and sustained in-
crease in blood pressure and proteinuria are often used to
diagnose preeclampsia superimposed on CKD. In a classic
study of pregnancy outcomes in women with advanced kid-
ney disease (defined as a Cr of at least 1.4 mg/dl or higher),
nearly half of women developed hypertension and high-grade
proteinuria by the third trimester and 59% had preterm deliv-
ery [45]. In the Torino-Cagliari Observational Study
(TOCOS) of 504 pregnancies in women with CKD, the risk
for new onset hypertension and doubling of proteinuria, indic-
ative of superimposed preeclampsia, increased across CKD
stages, from 8% in stage 1 CKD to approximately 50% in
stage 3–5 CKD [37]. Among women with stage 1 CKD, the
risk of adverse outcomes (preterm delivery, need for neonatal
intensive care unit, small-for gestational age infant) increased
in the presence of baseline hypertension and proteinuria > 1 g/
24 h. A meta-analysis published in 2015 evaluated the mater-
nal complications of pregnancy in women with CKD [46].
The authors reviewed 23 observational studies, with data on
506,340 pregnancies in women with CKD, excluding women
with systemic lupus erythematosus, hereditary renal diseases,
kidney transplants, ESKD, acute kidney injury, or a solitary
kidney. They found that women with CKD had increased
odds of developing preeclampsia (OR 10.36, 95% CI 6.28–
17.09), premature delivery (OR 5.72, 95% CI 3.26–10.03),
small for gestational age infants (OR 4.85, 95% CI 3.03–
7.76) and stillbirth, fetal and neonatal death (OR 1.80, 95%
CI 1.03–3.13). In a subgroup analysis, they found that women
with macroproteinuria had an increased odds of developing
preeclampsia compared to those without (p = 0.01).

Given the difficulty in diagnosing preeclampsia in CKD,
there has been interest in the use of the biomarkers in women
with CKD to differentiate true, “superimposed” preeclampsia
from worsening hypertension or proteinuria in pregnancy
from other causes (Table 2). In a longitudinal study of women
with chronic hypertension and chronic kidney disease, a PlGF
concentration below the 5th percentile, assessed between 20
and 36 weeks, had high diagnostic accuracy for superimposed
preeclampsia requiring delivery in the following 2 weeks
[49••]. sFlt-1 levels, though increased in women with
superimposed preeclampsia, did not add diagnostic accuracy
in this cohort. A recent biomarker analysis of 15 women with
CKD and superimposed preeclampsia, as compared to several
other control groups (gestational age- and CKD stage-
matched pregnant controls, women with preeclampsia and
no CKD, women with normotensive pregnancies and non-
pregnant women with CKD), found that plasma hyaluronan
and vascular cell adhesion molecule (VCAM) were elevated
in the setting of superimposed preeclampsia in women with
CKD and correlated with PlGF concentrations [51•]. Other
markers, such as markers of complement activation and

tubular injury (kidney injury molecular-1 and urinary
lipocalin-2) were not discriminatory, though complement fac-
tor H was lower in women preeclampsia compared to women
with normal pregnancy. These biomarkers may be useful in
the clinical setting, and may also provide insight into the path-
ogenesis of preeclampsia in women with CKD, discussed fur-
ther below.

Pathogenesis: Linking Kidney Disease
to Preeclampsia

Despite the large body of evidence that kidney disease in-
creases the risk of preeclampsia, the exact mechanism linking
the two diseases is unclear (Fig. 1). CKD itself results in sys-
temic endothelial dysfunction that could create an environ-
ment that both impairs placental and fetal development, as
well as predispose to the development of preeclampsia [53].
One emerging area of interest in CKD is the glycocalyx, a
polysaccharide layer that lines the endothelium and is a mark-
er of endothelial integrity [54]. The glycocalyx is thought to
protect the vessel wall and may prevent cardiovascular injury.
In a study of patients with CKD, two components of the gly-
cocalyx, syndecan-1 and hyaluronan, were found to increase
across CKD stages and strongly correlated with markers of
endothelial dysfunction, such as soluble VCAM-1 and sFlt-1
[54]. The authors also demonstrated a decreased glycocalyx
thickness in 5/6 nephrectomized rats. A study by Dane et al.
measured the glycocalyx by a noninvasive sidestream-
darkfield imaging methodology in subjects with ESKD before
and after transplant [55•]. They found that there was signifi-
cant thinning of the glycocalyx in ESKD, but transplant was
able to restore the integrity of the endothelium. There is also
evidence that the glycocalyx is impaired in the setting of pre-
eclampsia. A study byWeissgerber et al., using the same non-
invasive sidestream-darkfield imaging, found that early onset
preeclampsia is associated with impaired glycocalyx integrity
[56•]. The finding of elevated levels of hyaluronan, a glyco-
calyx component, in women with superimposed preeclampsia
in the setting of CKD cited previously [51•], support the the-
ory that systemic endothelial dysfunction, and perhaps im-
paired glycocalyx integrity, contribute to preeclampsia risk
in CKD.

The complement system has also been implicated in the
pathogenesis of preeclampsia and in multiple kidney diseases,
creating a potential pathogenic link [57]. Women with severe
features of preeclampsia have been shown to have elevated
levels of terminal complement pathway activation (C5b-9) in
the urine [58•]. C5a levels have been associated with in-
creased blood pressure, arterial stiffness, and trophoblast dys-
function [59]. Eculizumab, a complement C5a inhibitor, has
been used in a few women with HELLP syndrome and may
have prolonged gestation, though data is limited [60]. While a
small study suggested that women with HELLP syndrome
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may have an increased frequency of mutations in alternative
complement pathway genes [61], clear pathologic germline
mutations in complement genes have not been identified in
all women with preeclampsia [62]. Given the significant phe-
notypic overlap, providers need to have a high index of sus-
picion for atypical hemolytic uremic syndrome (aHUS) in
patients presenting with severe preeclampsia, particularly in
the postpartum period when aHUS is most likely to present
[63]. As our understanding of the complement pathway and
the clinical relevance of gene variants of unknown signifi-
cance increase, the role of complement in preeclampsia may
become clearer, and also open the door to new therapeutic
interventions for both conditions.

RAAS is also dysregulated in the setting of preeclampsia.
In normal pregnancy, there are elevated levels of renin, angio-
tensin II, and aldosterone; however, pregnant women have a

relative resistance to these vasoconstrictive factors. Pregnant
women have a natural aldosterone inhibitor in the form of
progesterone, which attenuates sodium reabsorption by com-
petitively inhibiting the mineralocorticoid receptor in the kid-
ney [64]. In preeclampsia, women paradoxically have lower
renin, angiotensin II, and aldosterone levels than in normal
pregnancy, but have an exaggerated response to angiotensin
II [24, 65]. In a small cross-sectional study, women with CKD
and a diagnosis of superimposed preeclampsia (n = 11), wom-
en with preeclampsia (n = 9), and women with CKD and no
preeclampsia (n = 8) had various biomarkers, including
RAAS components, assessed in the third trimester [50•].
They found that women with preeclampsia, either with no
CKD or superimposed on CKD, had lower urinary levels of
tetrahydroaldosterone, lower plasma renin, and lower PlGF
than women with CKD, suggesting that RAAS disruption is

Table 2 Biomarkers for superimposed preeclampsia in chronic kidney disease

Biomarker subgroup Biomarkers evaluated for
preeclampsia

Abnormal or discriminatory markers in superimposed
preeclampsia in women with CKD

Angiogenic sFlt-1
PlGF

Rolfo et al. [47]: sFlt-1 significantly elevated and PlGF
significantly decreased in women with superimposed
preeclampsia as compared to women with CKD and
normal pregnancy.

Masuyama et al. [48]: sFlt-1 significantly elevated and PlGF
significantly decreased in women with superimposed
preeclampsia as compared to pregnant women with CKD
and normal blood pressure and matched controls.

Bramham et al. [49]: low PlGF (< 5 percentile) predicted delivery
due to preeclampsia within 2 weeks. sFlt-1 elevated but not
discriminatory in women with superimposed preeclampsia as
compared to women with CKD without preeclampsia,
preeclampsia, and healthy controls.

Kurlak et al. [50]: lower PlGF levels in women with
superimposed preeclampsia as compared to women with
preeclampsia, CKD, and normotensive pregnancy.

Renin-angiotensin-aldosterone system Plasma renin
Plasma angiotensinogen
Urine angiotensinogen
Urine tetrahydroaldosterone

Wiles et al. [51]: urinary angiotensinogen-creatinine ratio
higher and plasma renin lower in superimposed preeclampsia
than CKD alone. No difference in plasma angiotensinogen.

Kurlak et al. [50]: lower plasma renin and lower urine
tetrahydroaldosterone in superimposed preeclampsia than in
women with CKD, but similar levels to women with
preeclampsia alone. Lower urinary angiotensinogen in
women with superimposed preeclampsia than women
with preeclampsia.

Complement pathway C3a, C5a, C5b-9
Complement Factor H

Wiles et al. [51]: no significant differences in complement
markers in superimposed preeclampsia.

Immunologic Urinary IgM Leanos-Miranda et al. [52]: higher urinary IgM in women
with CKD who develop adverse pregnancy outcomes,
including preeclampsia, as compared to women with CKD
and no adverse pregnancy outcomes.

Endothelial Serum hyaluronan
VCAM

Wiles et al. [51]: serum hyaluronan and VCAM elevated in
superimposed preeclampsia and correlated with PlGF, but not GFR.

CKD chronic kidney disease, sFlt-1 soluble fms-like tyrosine kinase 1, PlGF placental growth factor, C complement, IgM immunoglobulin M, VCAM
vascular cell adhesion protein, GFR glomerular filtration rate
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similar in superimposed preeclampsia and preeclampsia
alone. However, there were lower levels of urinary
angiotensinogen in women with CKD and superimposed pre-
eclampsia than in women preeclampsia alone. In the previous-
ly cited study of biomarkers in superimposed preeclampsia,
the authors found that women with preeeclampsia
superimposed on CKD had higher levels of urinary
angiotensinogen than women with CKD alone; however, the
levels of urinary angiotensinogen did not correlate with PlGF
[51•]. These studies suggest that intrarenal production of
angiotensinogen may be relevant in preeclampsia pathogene-
sis. Women with preeclampsia may also have agonistic auto-
antibodies against the angiotensin AT1 receptor [66]. These
antibodies have been implicated in the initial failure of tropho-
blast invasion of preeclamptic placentas and can also stimulate
sFlt-1 secretion, suggesting a possible pathogenic role in pre-
eclampsia [67, 68], though they have not been studied specif-
ically in the CKD population. The role of RAAS in pre-
eclampsia pathogenesis in women with and without CKD is
an active area of interest and the use of RAAS biomarkers
requires future study.

Observational Evidence: Preeclampsia as a Risk Factor
for Kidney Disease

There are now many observational studies linking preeclamp-
sia to the future risk of kidney disease, from “milder” kidney
dysfunction characterized by albuminuria [69–71] to more
severe and rare disease, such as ESKD [6, 7]. A meta-
analysis of 7 cohort studies, including 273 women with pre-
eclampsia and 333 women with uncomplicated pregnancies,
found that 31% of women with preeclampsia had
microalbuminuria, as compared to 7% of women with uncom-
plicated pregnancies, an average of 7.1 years postpartum [3].
Women with severe preeclampsia had an ever higher risk of
developing microalbuminuria, with an 8-fold increase over
women with uncomplicated pregnancies. A history of hyper-
tension in pregnancy was associated with an increased risk of
microalbuminuria (OR 1.37, 95% CI 1.02–1.85) decades
after an affected pregnancy in a secondary analysis of
the Family Blood Pressure Program [4]. There are some
studies that have not found an increased risk for
microalbuminuria after preeclampsia, which could be re-
lated to issues of power and/or length of follow-up [72,
73]. Albuminuria is not just a marker of kidney dys-
function but is also associated with increased cardiovas-
cular disease risk [74]. As preeclampsia is also associ-
ated with cardiovascular disease [75–77], albuminuria
may be a useful marker to follow after delivery.

Preeclampsia has been associated with the development of
CKD and ESKD in several studies, though with some excep-
tions. Vikse and colleagues, using the Norwegian birth regis-
try, found that women with preeclampsia in their first

pregnancy are at an increased risk of developing ESKD (rel-
ative risk 4.7, 95% CI 3.6–6.1), though the absolute risk was
still quite low (14.5 per 100,000 person-years) [6]. A
Taiwanese study found that hypertensive pregnancy disor-
ders, in general, were associated with an increased risk of both
CKD (hazard ratio (HR) 9.38, 95% CI 7.09–12.4) and ESKD
(HR 12.4, 95%CI 8.5418.0), and that womenwith preeclamp-
sia were at an even higher risk than those with gestational
hypertension [5]. A study using the Prevention of Renal and
Vascular End Stage Disease (PREVEND) cohort data, did not
find a significantly increased risk of CKD or ESKD in women
who reported a hypertensive disorder of pregnancy (HR 1.04,
95% CI 0.79–1.37). They did find a slightly steeper decline in
eGFR over the course of follow-up in women with a hyper-
tensive pregnancy as compared to those without (98 to 88 ml/
min/1.73 m2 as compared to 99 to 91 ml/min/1.73 m2, p =
0.05), but this was likely not a clinically meaningful change.
The authors were not able to separate preeclampsia from other
hypertensive disorders of pregnancy, which is an important
limitation of this study. A recent meta-analysis by Piccoli
et al. found that preeclampsia is significantly associated with
a risk of ESKD, but they found insufficient data for albumin-
uria and CKD [8]. They also reported that the number of
women needed to follow after a preeclamptic pregnancy to
detect one adverse event was 310 for ESKD, but only 4 for
albuminuria.

We conducted a population-based study using the Olmsted
County,MN, population and identified womenwith ESKD by
using the US Renal Database System and also found an in-
creased risk odds of developing ESKD after preeclampsia
(OR 4.0, 95% CI 1.21–13.28), similar to the Norwegian and
Taiwanese data [7]. Unique to our study was our ability to
review pre-pregnancy medical records. We found that among
44 ESRD cases, 21% had evidence of kidney dysfunction
prior to pregnancy that was often undiagnosed and only evi-
dent by serum Cr and protein measurements. This finding
highlights the difficulty in proving the pathogenic link be-
tween preeclampsia and kidney disease.

Pathogenesis: Linking Preeclampsia to Kidney
Disease

One of the most challenging factors in unraveling the relation-
ship between preeclampsia and CKD is the role that undiag-
nosed, preexisting kidney disease plays in this observed rela-
tionship. Even mild, stage 1 CKD has been associated with an
increased risk of preeclampsia [12]. As women may not rou-
tinely seek medical care prior to pregnancy, it is difficult to
know whether conditions such as kidney disease or hyperten-
sion may have been present for some time prior to a first
prenatal visit. Serum creatinine is not a routine screening test
in the general population, nor in an otherwise uncomplicated
pregnancy.
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Fig. 2 Preeclampsia increases the risk of chronic kidney disease by multiple mechanisms. Mechanisms discussed include endothelial dysfunction,
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It is likely that at least some of the observed risk of future
kidney disease is due to prepregnancy kidney disease. Our
study noted that 21% of women who went on to devel-
op ESKD had some kidney dysfunction prior to preg-
nancy, which is remarkably similar to the percentage of
women found to have underlying glomerular disease in
biopsy series. In a study by Murakami et al., the au-
thors performed postpartum renal biopsies in women
with severe hypertension or proteinuria in pregnancy
and found that 19 women (22.1%) had underlying kid-
ney disease, most often IgA nephropathy [78]. In the
study by Fisher et al., with 176 kidney biopsies of
women with preeclampsia in the postpartum period, 31
out of 176 (17.6%) of women had glomerular disease
identified on kidney biopsy [1]. Given that most of the
studies linking preeclampsia to ESKD are registry-
based, few women have prepregnancy testing of kidney
function, even fewer have postpartum biopsies and pro-
teinuria is not always followed to resolution, there is no
good way to quantify the degree of confounding in the
general population.

However, there are several plausible mechanisms
linking preeclampsia to future CKD, irrespective of un-
derlying kidney disease (Fig. 2). Kidney biopsy samples
have clear evidence of endothelial damage, in the form
glomerular endotheliosis and vascular injury [1]. As not-
ed previously, early onset set preeclampsia is associated
with damage to the glycocalyx, which may predispose
to future kidney disease [56•]. Preeclampsia is one of
the most common causes of acute kidney injury in preg-
nancy, and acute kidney injury is a known risk factor
for the development of CKD [79, 80]. Preeclampsia
may also indirectly increase the future risk of kidney
disease by increasing the occurrence of hypertension,
diabetes, and hyperlipidemia and other metabolic distur-
bances that predispose to CKD [81, 82].

Another potential pathway to future kidney disease after
preeclampsia is through damage to the podocyte. In an autop-
sy study, Garovic et al. were able to identify a significant
reduction in nephrin and synaptopodin staining in the kidney
tissue of women who died from complications of preeclamp-
sia as compared to pregnant women that died from other
causes [83]. In a subsequent study of 15 women with pre-
eclampsia and 15 women with normotensive pregnancies,
podocin-positive podocytes were identified in all of the wom-
en with preeclampsia and none of the normotensive women
[84]. A larger prospective study found that women who went
on to develop preeclampsia all had podocyturia present in the
second trimester, as compared to women who had normoten-
sive pregnancies or gestational hypertension [85••]. While a
Danish study did not find the same reduction in podocyte
number in kidney tissue as the previous autopsy study, they
did identify a significant increase in the proliferation index of

podocytes, suggesting increased podocyte turnover [86]. Loss
of urinary podocytes can persist in the postpartum period, as
well, which could reflect ongoing, subclinical kidney injury
and a future link to kidney disease [87]. Podocyturia is seen in
patients with focal segmental glomerular sclerosis (FSGS)
[88], which has been identified as a the most common patho-
logic pattern in kidney biopsies from women with persistent
proteinuria after preeclamptic pregnancies [89]. In a review of
13 biopsies performed up to 10 months postpartum in women
with varying degrees of proteinuria and no known history of
kidney disease, FSGS was found in 8 of 13 kidney biopsies
[89].

Conclusion

Our understanding of the pathogenesis of preeclampsia
and the potential for long-term, systemic disease is con-
stantly evolving. Multiple lines of evidence point to a
future risk of kidney disease after a preeclamptic preg-
nancy. While underlying, subclinical kidney disease
likely confounds this association in part, there are mul-
tiple potential pathways from preeclampsia to future
CKD, such as the accelerated accumulation of comor-
bidities, direct endothelial injury, acute kidney injury,
and podocyte damage. Understanding how CKD in-
creases the risk of preeclampsia from a mechanistic
standpoint may open the door to future biomarkers
and therapeutics for all women, particularly in the com-
plement and RAAS pathways. Heightened awareness of the
association between preeclampsia and CKD among primary
providers and obstetricians will hopefully help identify wom-
en with undiagnosed CKD who have preeclampsia as their
first manifestation of disease. As albuminuria is a marker of
endothelial integrity and is associated with preeclampsia, kid-
ney disease risk, and cardiovascular disease, it may be an ideal
longitudinal, prognostic marker for women with a history of
preeclampsia, to identify a higher risk population. Given the
growing body of evidence that preeclampsia is a sex-specific
risk factor for CKD, there will hopefully be an emphasis on
including an obstetrical history in the routine work-up of
CKD.
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