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Table 1. Demographic and clinical characteristics at diagnostic
kidney biopsy among women with and without complications during
their first pregnancies

No Complications
during

first pregnancy

Any complication
during

first pregnancy P valuea

n 251 67
Renal Complications

in Pregnancy Preceding

Glomerulonephropathy

Diagnosis

Age, yr, mean (SD) 50.2 (13.4) 39.2 (12.9) <0.001

Hispanic 16.1% (40/248) 15.2% (10/66) 0.997

Race 0.207

Black 21.1% (51/242) 33.9% (21/62)

White 64.5% (156/242) 54.8% (34/62)

Asian 11.2% (27/242) 8.1% (5/62)

Other 3.3% (8/242) 3.2% (2/62)

Cohort 0.005

MCD (incl. IgM nephropathy) 13.1% (33/251) 11.9% (8/67)

FSGS (incl. C1Q) 29.1% (73/251) 35.8% (24/67)

MN 31.5% (79/251) 11.9% (8/67)

IgAN (incl. IgAV/HSP) 26.3% (66/251) 40.3% (27/67)

Family history of kidney disease 35.9% (88/245) 35.4% (23/65) 0.999

eGFR,b mean (SD) 68.5 (34.1) 69.9 (33.8) 0.786

UPCR,b median (IQR) 5.0 (1.9-8.4) 3.1 (1.5-5.3) 0.096

Immunosuppression use 13.1% (26/199) 15.3% (9/59) 0.830

Hematuria 0.420

Negative or trace 30.7% (47/153) 40.8% (20/49)

1þ 20.3% (31/153) 16.3% (8/49)

2þ or 3þ 49.0% (75/153) 42.9% (21/49)

C1Q, C1Q nephropathy; eGFR, estimated glomerular filtration rate; FSGS, focal
segmental glomerulosclerosis; HSP, Henoch-Schonlein purpura; IgAN, IgA nephropa-
thy; IgAV, IgA vasculitis; inc., including; IQR, interquartile range; MCD, minimal change
disease; MN, membranous nephropathy; UPCR, urine protein-to-creatinine ratio.
aP values from c2 test for categorical variables and t tests for continuous variables.
UPCR was log transformed before testing.
To the Editor: Primary glomerulonephropathies
(GNs) and preeclampsia share a common phenotype of
proteinuria, hypertension, and renal dysfunction.
Precise mechanisms for these disease manifestations in
each setting are not fully elucidated; however, both
preeclampsia and active glomerular disease are associ-
ated with podocyturia and altered expression of
podocyte-specific proteins.1–3 Preeclampsia may lead to
immediate adverse pregnancy outcomes and also in-
creases the odds of developing cardiovascular disease4

and end-stage renal disease.5 Given the epidemiologic
and hypothesized pathophysiologic parallels between
glomerular disease and hypertensive disorders of
pregnancy, we studied a cohort of patients with
biopsy-proven GN (Cure Glomerulonephropathy) to
assess whether preeclampsia, proteinuria, worsening
hypertension, or decreased kidney function (“renal-
relevant complications”) during a first pregnancy
altered the timing and nature of the subsequent GN
presentation.
bMissingness (no complications n, any complications n): eGFR (51,8); UPCR (78,16).
RESULTS

A total of 318 women reported their first pregnancy
before their GN diagnosis. Clinical and demographic
information at the time of their diagnostic kidney bi-
opsy is reported in Table 1. Estimated glomerular
filtration rate (P ¼ 0.786), severity of proteinuria (P ¼
0.096), and hematuria (P ¼ 0.420) at the time of biopsy
were similar between women with and without renal-
relevant complications during their first pregnancy.
Women with a renal-relevant pregnancy complication
were younger at biopsy than those without (P< 0.001).
Women with IgA nephropathy or focal segmental
glomerulosclerosis (FSGS) were more likely to report a
renal-relevant pregnancy complication during their
first pregnancy than those with minimal change disease
or membranous nephropathy (P ¼ 0.005). Among
pregnancies with renal-relevant complications, 76.9%
of infants (50/65) were delivered at full term, with a
mean birth weight of 3.0 kg, compared to 91.0% (202/
222) (P ¼ 0.009) and 3.4 kg (P < 0.001), respectively,
among pregnancies without these complications.

Although women with and without renal-relevant
pregnancy complications were phenotypically similar at
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the time of subsequent kidney biopsy, we found that the
latency time between a complicated first pregnancy and
subsequent GN diagnosis was significantly shorter than
after an uncomplicated first pregnancy (Figure 1). This
was most prominent in women with worsening kidney
function or increasing proteinuria during their first
pregnancy (all P < 0.001), after adjusting for differences
in age at pregnancy, race, and Hispanic ethnicity. The
adjusted differences in latency time between complicated
and uncomplicated pregnancies also varied by ultimate
GN diagnosis (Figure 2), with between-group differences
being greatest for FSGS and IgA (P ¼ 0.003). Similarly,
age at GN diagnosis was earlier after complicated first
pregnancies (all P < 0.001), especially among individuals
ultimately diagnosed with FSGS or IgA (P ¼ 0.022).
Models were adjusted for age at pregnancy, race, and
ethnicity, of which younger age at pregnancy and non-
Hispanic ethnicity were independently associated with
decreased latency time and white race was associated
with increased latency time (Supplementary Table S1).

In our secondary analysis, 318 women had a total of
730 pregnancies before GN diagnosis. Accounting for
repeated pregnancies in individuals and adjusted for
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Figure 1. Distribution of latency time between start of first pregnancy and subsequent diagnosis of glomerulonephropathy (GN) by complication
status. Differences were tested using linear models with square root transformation for time. Models were adjusted for age at pregnancy, race,
and Hispanic ethnicity. IQR, interquartile range.
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the presence of prior renal-relevant pregnancy com-
plications, we found a persistent decrease in latency
time after any pregnancy complicated by worsening
kidney function, increasing proteinuria, worsening
blood pressure, or preeclampsia (all P # 0.001)
(Supplementary Table S2).

DISCUSSION

We found that among women with GN, those who
experienced worsening kidney function, increasing
proteinuria, worsening blood pressure control, and/or
preeclampsia during prior pregnancy were diagnosed
with GN sooner than their counterparts without these
pregnancy complications. Although we considered
recall bias as a potential explanation for this difference
(i.e., women newly diagnosed with GN recall recent
pregnancy complications more readily), literature sug-
gests that maternal recall of even distant pregnancy
events is generally accurate,6,7 and recent validation of
the question “Did you have a hypertensive disorder in
pregnancy?” in a Dutch population of women was
found to be 84% sensitive and 94% specific when
compared to medical chart review.8 In our study,
pregnancies with reported renal-relevant complications
were also objectively more likely to deliver prema-
turely with a lower mean birth weight, disputing recall
bias as the sole explanation for the findings. Our study
design is limited by an inability to adjust for potential
confounders beyond age, race, and ethnicity; however,
continued prospective observation within this cohort
160
study (Cure Glomerulonephropathy) should allow for
future in-depth analyses of pregnancies occurring after
study enrollment.

We have considered a number of hypotheses for our
finding of decreased latency time between pregnancy and
GN diagnosis after pregnancies with renal-relevant com-
plications. Given the phenotypic similarities between GN
and preeclampsia, GN occurring during pregnancy may
have been misdiagnosed as preeclampsia. We found a
more prominent difference in latency time among women
who ultimately were diagnosed with IgA nephropathy or
FSGS. IgA nephropathy and FSGS are more likely to affect
women of childbearing age than is membranous ne-
phropathy or minimal change disease, and therefore
would be the most likely of the GNs to confound a pre-
eclampsia diagnosis. In addition, IgA may have an indo-
lent presentation, making possible both amissed diagnosis
during pregnancy and an unrecognized increased risk for
preeclampsia when compared to other GNs.9

Alternatively, the podocyte depletion hypothesis
may also explain the phenomenon of decreased latency
of GN development.10 This theory suggests that podo-
cyte loss from an episode of preeclampsia results in
decreased podocyte density and accelerates the subse-
quent clinical presentation of GN. Although this study
is unable to determine a relative risk of GN after renal-
relevant pregnancy complications, prior work by
Vikse et al. found the relative risk of future kidney bi-
opsy in women with preeclampsia to be three to six
times that of childbearing women without
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Figure 2. Adjusted mean latency times between start of first
pregnancy and subsequent diagnosis of glomerulonephropathy (GN)
by complication status and diagnosis. Adjusted means were esti-
mated using a linear model with an interaction between complica-
tion status and diagnosis. The model was adjusted for age at
pregnancy, race, and Hispanic ethnicity, and included a square root
transformation for time.

12The first 2 authors and the third and last authors contributed
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preeclampsia.11 This effect was most prominent in the
first 5 years after childbirth, and a subset of these
women were diagnosed with GNs such as FSGS and
minimal change disease.11 This supports our findings
and suggests that preeclampsia may accelerate or un-
mask a GN diagnosis. Finally, GN and preeclampsia may
share common genetic, immunologic, or environmental
risk factors. The immunologic underpinnings of pri-
mary GNs and aberrant placentation in preeclampsia are
a continued focus of study. Future study is needed to
better elucidate common mechanisms.

Pregnancy is an opportunity to engage young women
in health care. A subset of these women will have preg-
nancy complications that may be harbingers of kidney
disease. Our study highlights the need for close post
partum follow-up for persistent signs of renal disease
after renal-relevant pregnancy complications, akin to
existing U.S. obstetric guidelines recommending follow-
up of cardiovascular disease risk factors after pre-
eclampsia.12 Notably, these guidelines recommend yearly
measurement of blood pressure, body mass index, lipids,
and fasting blood glucose. Based on our findings, we
suggest that assessment of serum creatinine, urinalysis,
and urine protein-to-creatinine ratio be performed for
women with acute kidney injury, preeclampsia, or pro-
teinuria in pregnancy at the routine 6-week obstetric post
Kidney International Reports (2019) 4, 159–162
partum follow-up and annually thereafter. Abnormal
results of these low-cost tests should trigger a nephrology
referral for further evaluation. By recognizing renal
complications in pregnancy and subsequent risk for GN,
we may be able to alter a trajectory otherwise headed
toward irreversible renal injury.
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