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G R A P H I C A L A B S T R A C T

Retrospective
Cohort Study

Women with CKD 3-5 have a high live birth rate in pregnancies
progressing beyond 20 weeks’ gestation, but pregnancies are
complicated by preterm delivery and birthweight < 10th centile
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Methods Results

6 specialist obstetric-
nephrology centres in
the UK

Non-dialysis CKD 3–5
eGFR < 60ml/min/
1.73m2 by CKD–EPI

Included in cohort
after 20 weeks’
gestation

Conception between 
January 2003 –
June 2017

178
pregnancies
in 159 women

CKD 3a 47%
CKD 3b 38%
CKD 4–5 15%

79% had
chronic
hypertension

98% live birth rate

26% delivering prior
to 34 weeks’ gestation

Hypertension: OR 16.5

36% low birthweight 
(< 10th centile)

Proteinuria: OR 2.6

46% had lost 25% of eGFR
or required RRT

Post-partum eGFR decline
equivalent to 2.5 years of
pre-pregnancy CKD

Transplant: Post-partum eGFR
decline equivalent to 4.5 years
of pre-pregnancy CKD
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A B S T R A C T

Background. Contemporaneous data are required for women
with chronic kidney disease (CKD) Stages 3–5 to inform pre-
pregnancy counselling and institute appropriate antenatal
surveillance.
Methods. A retrospective cohort study in women with CKD
Stages 3–5 after 20 weeks’ gestation was undertaken in six UK
tertiary renal centres in the UK between 2003 and 2017. Factors
predicting adverse outcomes and the impact of pregnancy in ac-
celerating the need for renal replacement therapy (RRT) were
assessed.
Results. There were 178 pregnancies in 159 women, including
43 women with renal transplants. The live birth rate was 98%,
but 56% of babies were born preterm (before 37 weeks’ gesta-
tion). Chronic hypertension was the strongest predictor of
delivery before 34 weeks’ gestation. Of 121 women with known
pre-pregnancy hypertension status, the incidence of delivery
before 34 weeks was 32% (31/96) in women with confirmed
chronic hypertension compared with 0% (0/25) in normoten-
sive women. The risk of delivery before 34 weeks doubled in
women with chronic hypertension from 20% [95% confidence
interval (CI) 9–36%] to 40% (95% CI 26–56%) if the gestational
fall in serum creatinine was <10% of pre-pregnancy concentra-
tions. Women with a urinary protein:creatinine ratio >100 mg/
mmol prior to pregnancy or before 20 weeks’ gestation had an

increased risk for birthweight below the 10th centile (odds ratio
2.57, 95% CI 1.20–5.53). There was a measurable drop in esti-
mated glomerular filtration rate (eGFR) between pre-pregnancy
and post-partum values (4.5 mL/min/1.73 m2), which was
greater than the annual decline in eGFR prior to pregnancy
(1.8 mL/min/1.73 m2/year). The effect of pregnancy was,
therefore, equivalent to 1.7, 2.1 and 4.9 years of pre-pregnancy
renal disease in CKD Stages 3a, 3b and 4–5, respectively. The
pregnancy-associated decline in renal function was greater
in women with chronic hypertension and in those with a
gestational fall in serum creatinine of <10% of pre-pregnancy
concentrations. At 1 year post-partum, 46% (58/126) of women
had lost �25% of their pre-pregnancy eGFR or required RRT.
Most women with renal transplants had CKD Stage 3 and more
stable renal function prior to pregnancy. Renal transplantation
was not independently associated with adverse obstetric or renal
outcomes.
Conclusions. Contemporary pregnancies in women with CKD
Stages 3–5 are complicated by preterm delivery, low birthweight
and loss of maternal renal function. Chronic hypertension, pre-
or early pregnancy proteinuria and a gestational fall in serum
creatinine of <10% of pre-pregnancy values are more impor-
tant predictors of adverse obstetric and renal outcome than
CKD Stages 3–5. Pregnancy in women with CKD Stages 3–5
advances the need for dialysis or transplantation by 2.5 years.

Keywords: chronic renal insufficiency, hypertension, preg-
nancy, proteinuria

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

Chronic kidney disease (CKD) is estimated to complicate 3% of
pregnancies, with 1 in 750 pregnancies in women with CKD
Stages 3–5 [1]. CKD is a risk factor for adverse outcomes in-
cluding preterm delivery, fetal growth restriction and a decline
in maternal renal function [2–5]. However, the interplay be-
tween hypothesized predictors of adverse pregnancy outcomes
including chronic hypertension [6, 7], proteinuria [3, 8] and ad-
vanced renal disease [3, 5] remains unclear, limiting the infor-
mation available for contemporary risk counselling prior to
pregnancy [1]. In view of the predicted rise in CKD prevalence
in women of reproductive age as a consequence of population
trends in obesity [9] and diabetes [10], the impact of CKD on
pregnancy is increasingly relevant to contemporary practice.

Although all stages of CKD have been shown to increase the
risk of adverse pregnancy outcomes compared with women
without CKD [5], the incidence of adverse outcomes in women
with moderate to severe CKD is derived from small [5, 11] and
historical [2, 3, 12] cohorts and by non-systematic review of
published data [4]. The largest published cohort, which in-
cluded 82 pregnancies from 1971 to 1993, predates the use of
estimated glomerular filtration rate (eGFR) and does not reflect
contemporary standards of obstetric and renal care [2]. The im-
pact of pregnancy upon maternal CKD remains unclear, with
published data both suggesting [2, 12] and refuting [5, 11] an
association between CKD stage and loss of maternal renal

KEY LEARNING POINTS

What is already known about this subject?
• pre-pregnancy chronic kidney disease (CKD) Stages

3–5 are associated with an increased risk of adverse
pregnancy outcomes in small and historical cohorts;
and

• the interplay between chronic hypertension, protein-
uria and excretory renal function is unknown.

What this study adds?
• chronic hypertension is the strongest predictor of

delivery before 34 weeks’ gestation and pre- or early
pregnancy proteinuria increases the risk of birth-
weight below the 10th centile;

• the pregnancy-associated decline in renal function is
greater in women with chronic hypertension and in
those with a gestational fall in serum creatinine that
is <10% of pre-pregnancy concentrations; and

• the effect of pregnancy is equivalent to 1.7, 2.1 and
4.9 years of pre-pregnancy renal disease in CKD
Stages 3a, 3b and 4–5, respectively.

What impact this may have on practice or policy?
• this novel information can be used to inform pre-

pregnancy counselling, antenatal surveillance and the
postnatal management of women with CKD Stages
3–5, including appropriate preparation for transplan-
tation and dialysis in the post-partum period.
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function. These studies are limited by small numbers and do
not examine the trajectory of renal function decline prior to
pregnancy. Thus, there is a need for larger, contemporaneous
datasets in women with clinically significant CKD using pre-
pregnancy staging of CKD for risk stratification and an analysis
of renal function prior to as well as following pregnancy, to in-
form pre-pregnancy counselling and appropriate surveillance
during pregnancy and in the post-partum period.

We report on neonatal and maternal outcomes of pregnan-
cies in women with CKD Stages 3–5 (eGFR <60 mL/min/
1.73 m2) who were not receiving dialysis at conception. The
aims of this study were to investigate the impact of CKD Stages
3–5 on pregnancy, to delineate risk factors for adverse maternal
and neonatal outcomes and to define the impact of pregnancy
on maternal renal function by examination of renal disease tra-
jectory before and after pregnancy in women with and without
renal transplants.

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

Study design

This retrospective cohort study included women from six
specialist obstetric–nephrology centres in the UK to which
women with CKD Stages 3–5 in those regions are referred in
pregnancy (Supplementary data, Table S1). Women were in-
cluded if they conceived a pregnancy between January 2003 and
June 2017 and had an eGFR <60 mL/min/1.73 m2, calculated
by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [13] or a creatinine >125mmol/L prior to
20 weeks’ gestation in the absence of a precipitant for kidney in-
jury. Women on dialysis at the time of conception were ex-
cluded, as were those with spontaneous fetal loss prior to
20 weeks’ gestation. Conception date was calculated as 280 days
before the estimated date of delivery by dating scan or from the
last menstrual period if scan details were not available.

Demographic and clinical variables were documented in-
cluding age, ethnicity, disease aetiology, proteinuria, renal re-
placement requirements (transplant and/or dialysis), and
maternal and neonatal pregnancy outcomes. As obstetrics and
renal medicine were not co-located at every site, reporting of
the following data was incomplete and could not be included:
immunosuppression dosing and concentrations, disease flare/
recurrence, rejection episodes and donor characteristics.

Serum creatinine concentrations were recorded at up to nine
time points: 12–24 months prior to conception, 6–12 months
prior to conception, closest value prior to conception, early
pregnancy, pre-delivery, first post-partum value, 3–6 months
post-partum, 1 year post-partum and latest value post-partum.
For women who had more than one baby during the study pe-
riod, post-partum creatinine values were recorded up until the
next calculated date of conception. All recorded creatinine con-
centrations were representative values selected by consultant
nephrologists, with consideration of previous values where
available and avoidance of extreme values. Creatinine concen-
trations were not recorded once renal replacement therapy
(RRT) was commenced.

A diagnosis of chronic hypertension was assigned if there
was a requirement for antihypertensive treatment prior to preg-
nancy, a diastolic blood pressure >85 mmHg before 16 weeks’
gestation [14] or a documented diagnosis in the hospital record.
A diagnosis of chronic hypertension was not made if there was
isolated use of renin–angiotensin blockade, unless confirmed by
clinical information.

Birthweight was converted to a gestation-related optimal
weight centile (Centile calculator, Version 8.0.3) [15]. For twin
pregnancies, the larger birthweight was used in the summary
outcome data.

A diagnosis of pre-eclampsia could not be reliably made due
to inter-clinician variation in diagnosis and documentation in
patients with renal disease and changing definitions over the
study period.

Statistical analysis

Kruskal–Wallis and Chi-squared tests were used to compare
demographic and outcome data across CKD stages as appropri-
ate. Age, Black ethnicity (Black African or Black Carribbean)
[16], chronic hypertension, pre-pregnancy CKD stage, protein-
uria, renal transplantation, glomerulonephritis and a fall in ges-
tational creatinine compared with pre-pregnancy values [17]
were tested as predictors of adverse outcomes. A proteinuria
threshold of protein:creatinine ratio (PCR) >100 mg/mmol
pre-pregnancy, or in early pregnancy if no pre-pregnancy value
was available, was used [3]. Adverse renal outcomes were de-
fined at 1 year post-partum as either a 25% loss in eGFR com-
pared with pre-pregnancy or progression to renal replacement.

Simple and multivariable logistic regression were used to de-
termine demographic and clinical predictors of clinically im-
portant adverse obstetric outcomes, defined as gestational age
<34 weeks [18] and birthweight <10th centile [19]. Risk esti-
mates were generated using probabilities and exact binomial
confidence intervals (CIs).

The trajectory of change in maternal renal function in rela-
tion to pregnancy was examined using regression modelling of
pre- and post-partum CKD-EPI eGFR values, using a maxi-
mum likelihood model. Models included the overall trend in
eGFR, the step loss in eGFR in relation to pregnancy and the
trajectory of eGFR decline both pre- and post-partum. The op-
timum model was selected using information criterion compar-
ison and linear regression. eGFR modelling was used to
generate a measure of eGFR decline between pre- and post-
pregnancy values according to pre-pregnancy CKD stage, con-
verted to years of background disease based on the calculated
pre-pregnancy trajectory of eGFR. To assess that this trajectory
modelling was not distorted by single unconfirmed creatinine
concentrations or by outlying data, the trajectory of renal de-
cline was additionally examined in women with at least two cre-
atinine measures both prior to, and following, pregnancy.
Linear regression with case-wise deletion was used to examine
the impact of clinical variables on the step change in eGFR de-
cline between pre- and post-pregnancy values, adjusted for pre-
pregnancy CKD stage.

Multifetal pregnancies were excluded from logistic and lin-
ear regression analyses and the regression modelling of
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maternal renal function. Statistical analyses were performed us-
ing GraphPad Prism 8 and Stata 15.1.

Ethics

The direct-care clinical team collated anonymized, retro-
spective data collected as part of usual patient care (Guy’s and
St Thomas’ National Health Service (NHS) Foundation Trust,
Imperial Healthcare NHS Trust, King’s College Hospital NHS
Foundation Trust and Nottingham University Hospitals NHS
Trust). Imperial Healthcare NHS Trust and University
Hospitals of Leicester NHS Trust collected data as part of regis-
tered clinical audits. Women who conceived after February
2014 at Guy’s and St Thomas’ NHS Foundation Trust, Imperial
Healthcare NHS Trust and King’s College Hospital NHS
Foundation Trust gave consent for access to their medical
records, approved by the Research Ethics Service and the
Health Research Authority (15/WA/0009).

R E S U L T S

There were 178 pregnancies in 159 women, including two twin
pregnancies and 19 sibling infant pairs (Table 1). Median pre-
pregnancy creatinine was 140mmol/L [interquartile range
(IQR) 123–167 mmol/L, range 104–457 mmol/L]. Pre-
pregnancy CKD stage was 3a in 79 (47%) women, 3b in 63
(38%) women and 4–5 in 25 (15%) women. Pre-pregnancy
CKD stage was unclassified for 11 women. In 10 women there
was no pre-pregnancy value available but creatinine concentra-
tions in pregnancy were >125 mmol/L (median 163mmol/L,
IQR 145–190). One pregnancy was included in a woman diag-
nosed with Stage 3a CKD prior to her first pregnancy, but with-
out a serum creatinine measurement being done in the period
between her pregnancies. The most common renal diagnoses
were glomerulonephritis in 49 (28%) and reflux nephropathy in
47 (26%) pregnancies.

There were no measurable differences in age, ethnicity, body
mass index, nulliparity, renal disease aetiology or renal
transplantation between women of different CKD stages. The
presence or absence of chronic hypertension was confirmed in
121 (68%) of pregnancies. In the remainder of women, there
was insufficient documentation, including whether angiotensin
receptor blockade was for blood pressure control or nephro-
protection in the context of proteinuria. The prevalence of
chronic hypertension was lower in women with CKD Stage 3a
compared with women with Stages 3b and 4–5.

Pre-pregnancy quantification of proteinuria was available in
102 (57%) women, with early pregnancy values available for an
additional 38 women (median gestation 13.4 weeks, IQR 9.0–
17.6 weeks). Pre-pregnancy proteinuria was significantly higher
in women with Stages 4 and 5 CKD compared with Stage 3
CKD. Both pre-pregnancy and early (<20 weeks’ gestation)
pregnancy quantification of proteinuria were available for 75
women. The median increase in proteinuria in pregnancy was
23% (IQR 26–97%). Documentation of pre-pregnancy use and
the discontinuation of angiotensin blockade in relation to preg-
nancy were insufficient for analysis.

Obstetric outcomes

Live birth rate was 98% (174/178), with 56% (99/178) of
babies born preterm (<37 weeks’ gestation) and 26% (47/178)
delivering prior to 34 weeks’ gestation. Gestational age and
birthweight were lower, and the incidence of small-for-
gestational-age babies (<10th and <3rd centile) higher, with
increasing stage of CKD. Overall, 35% (58/167) of babies re-
quired neonatal unit admission, with higher admission rates in
the infants of women with CKD Stage 3b or more. More than
half of women (57%, 98/172) had a caesarean delivery with no
marked differences across CKD stages (Table 2).

Table 1. Maternal characteristics of pregnant women with CKD prior to conception

CKD stage pre-pregnancy (CKD-EPI eGFR mL/min/1.73 m2)

Alla (<60) CKD 3a (45–59) CKD 3b (30–44) CKD 4–5 (<30) P-value across
CKD stages

n (%) 178 79 (47) 63 (38) 25 (15)
Age at conception, years 32.8 (30.1–35.9) 33.2 (30.7–36.4) 33.1 (30.5–37.5) 32.5 (27.4–35.3) 0.2526
Black ethnicity, n/N (%) 31/176 (18) 17/78 (22) 5/62 (8) 8/25 (32) 0.8713
Body mass index, kg/m2 26.2 (22.3–30.9) 26.4 (22.4–32.0) 24.9 (21.6–31.5) 25.5 (22.6–27.9) 0.2706
Nulliparity, n/N (%) 61/155 (39) 31/75 (41) 18/50 (36) 8/21 (38) 0.6913
Chronic hypertension, n/N (%) 96/121 (79) 39/55 (71) 33/38 (87) 16/17 (94) 0.0159
Pre-pregnancy uPCRb, mg/mmol 63 (18–215) 29 (13–100) 54 (19–172) 188 (87–341) 0.0006
Functioning renal transplant, % 43 (24) 23 (29) 16 (25) 3 (12) 0.1117
Aetiology of CKD, %

Glomerulonephritis 49 (28) 25 (32) 16 (25) 8 (32) 0.0744
Reflux nephropathy 47 (26) 19 (24) 19 (30) 8 (32) 0.3512
Diabetic nephropathy 16 (9) 5 (6) 7 (11) 2 (8) 0.5537
Congenital/rare cause 14 (8) 7 (9) 3 (5) 1 (4) 0.2897
Polycystic kidney disease 8 (4) 5 (6) 2 (3) 0 (0) 0.1421
Other 18 (10) 8 (10) 4 (6) 4 (16) 0.6682
Unknown 26 (31) 10 (13) 12 (19) 2 (8) 0.9415

Values are median 6 IQR unless specified. If information was not available, then a different denominator is shown.
aIncludes 11 pregnancies unclassified by pre-pregnancy eGFR: serum creatinine in pregnancy >125 mmol/L (n¼ 10) and known CKD Stage 3a prior to a previous pregnancy with no
inter-partum measure (n¼ 1).
bPre-pregnancy (n¼ 102) or early pregnancy (n¼ 38).
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Chronic hypertension was the strongest predictor of delivery
before 34 weeks, with 32% (31/96) of women with chronic hy-
pertension delivering before 34 weeks’ gestation (Table 3). In
contrast, there were no deliveries prior to 34 weeks in normo-
tensive women (0/25). In women with chronic hypertension,
the risk of delivery before 34 weeks doubled from 20% to 40% if

the gestational fall in serum creatinine concentration was
<10% of pre-pregnancy concentrations (Table 4). A urinary
PCR (uPCR) >100 mg/mmol prior to pregnancy or before
20 weeks’ gestation increased the risk of a birthweight below
10th centile (odds ratio ¼ 2.57; 95% CI 1.20–5.53, P¼ 0.016;
Table 5). Chronic hypertension and pre-existing proteinuria

Table 2. Obstetric and renal outcomes of women with CKD

CKD stage pre-pregnancy (CKD-EPI eGFR mL/min/1.73 m2)

Alla (<60) CKD 3a (45–59) CKD 3b (30–44) CKD 4–
5 (<30)

P-value across
CKD stages

n 178 79 63 25
Gestation at delivery, weeks 36.3 (33.3–37.7) 37.4 (34.7–38.1) 35.9 (33.4–37.1) 34.7 (32.4–36.2) 0.0003
Delivery <37 weeks (%) 99 (56) 32 (41) 39 (62) 22 (88) <0.0001
Delivery <34 weeks (%) 47 (26) 16 (20) 16 (25) 10 (40) 0.0628
Caesarean delivery (%) 98/172 (57) 40/78 (51) 39/60 (65) 14/24 (58) 0.2566
Birthweight, g 2495 (1856–2952) 2750 (2200–3120) 2490 (1860–2912) 1872 (1290–2474) <0.0001
Birthweight <10th centile (%) 57/158 (36) 17/72 (24) 17/53 (32) 14/22 (64) 0.0013
Birthweight <3rd centile (%) 34/158 (22) 9/72 (13) 11/53 (21) 9/22 (41) 0.0049
Neonatal unit admission (%) 58/167 (35) 18/75 (24) 24/59 (41) 11/23 (48) 0.0139
Fall in serum creatinine in pregnancy
<10% of pre-pregnancy creatinine (%)

86/162 (53) 36/76 (47) 33/62 (53) 14/24 (58) 0.0454

25% fall in eGFR or RRT
at 1 year post-partum (%)

58/126 (46) 17/49 (34) 17/48 (35) 19/22 (86) 0.0003

Values are median 6 IQR unless specified. If information was not available, then a different denominator is shown.
aIncludes 11 pregnancies unclassified by pre-pregnancy eGFR: serum creatinine in pregnancy >125 mmol/L (n¼ 10) and known CKD Stage 3a prior to a previous pregnancy with no
inter-partum measure (n¼ 1).

Table 3. Odds ratios of delivery prior to 34 weeks in women with CKD

Variable Unadjusted odds ratio
in all women

(n¼ 121)a (95% CI)

P-value Unadjusted odds
ratio in women with chronic

hypertension (n¼ 96)a (95% CI)

P-value

Chronic hypertension 16.45 (2.74–1)b <0.001
Gestational fall in serum creatinine <10%c 2.67 (1.00–7.09) 0.049
uPCRþ >100 mg/mmold 2.22 (0.86–5.74) 0.101
CKD Stages 4 and 5e 1.89 (0.62–5.78) 0.267
Maternal age 0.97 (0.89–1.05) 0.430
Renal transplantation 1.36 (0.52–3.59) 0.529
Black ethnicity 0.80 (0.28–2.31) 0.680
CKD Stage 3be 0.96 (0.36–2.61) 0.943
Glomerulonephritis 1.00 (0.40–2.49) 0.996

aThe presence (n¼ 96) or absence (n¼ 25) of chronic hypertension was confirmed in 121 women. The absence of chronic hypertension predicted delivery after 34 weeks (i.e. all women
without chronic hypertension delivered after 34 weeks). In women with confirmed chronic hypertension, only one variable was significant; therefore, adjusted analysis was not
undertaken.
bMedian unbiased estimate of odds ratio by exact logistic regression.
cCompared with pre-pregnancy values.
dPre-pregnancy (n¼ 102) or early pregnancy (n¼ 38).
ePre-pregnancy CKD stage by CKD-EPI, compared with Stage 3a.

Table 4. Probability of delivery prior to 34 weeks in women with CKD, according to presence or absence of chronic hypertension and a gestational fall in
serum creatinine concentrations

Chronic hypertension Gestational fall in
serum creatinine, %

Number of pregnancies
(n¼ 110)a

Delivery <34 weeks’
gestation (%) (95% CI)

No Any 25 0 (0–14)b

Yes >10 40 20 (9–36)
<10 45 40 (26–56)

aAll pregnancies confirmed to be normotensive prior to pregnancy (n¼ 25) and pregnancies with confirmed chronic hypertension plus pre-pregnancy and gestational serum creatinine
concentrations (n¼ 85).
bOne sided 97.5% CI.
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were stronger determinants of the risk of adverse pregnancy
outcomes than CKD Stages 3–5. Maternal age, Black ethnicity
and glomerulonephritis were not independently associated with
adverse obstetric outcomes (Tables 3 and 5).

Renal outcomes

In over half of women (86/162, 53%), the gestational fall in
serum creatinine was <10% of pre-pregnancy serum creatinine
concentration. RRT was initiated during pregnancy in five (3%)
women, including one woman with CKD Stage 5 prior to con-
ception (eGFR 13 mL/min/1.73 m2), three women with CKD
Stage 4 (eGFR 21–27 mL/min/1.73 m2) and one woman with
CKD Stage 3a (eGFR 48 mL/min/1.73 m2) complicated by
heavy pre-pregnancy proteinuria (uPCR 519 mg/mmol) and re-
fractory antenatal hypertension.

Post-partum serum creatinine concentrations beyond 4-
week post-partum were available for 90% (160/178) of women.
Median (IQR) follow-up was 23.5 months (13.5–26.0 months,
range 43 days to 6 years). At 1 year post-partum, 46% (58/126)
of women had lost 25% of their eGFR compared with pre-
pregnancy values or required RRT. This composite outcome
was more common in women with pre-pregnancy CKD Stages
4 and 5 compared with other stages.

RRT was initiated in 7% (9/134) of women within the first
post-partum year. These women had a median pre-pregnancy
eGFR of 24 mL/min/1.73 m2 (range 19–50 mL/min/1.73 m2).
Median time to renal replacement was 39 weeks post-partum
(range 3–51 weeks). Haemodialysis was commenced in three
women, peritoneal dialysis in five women and one woman re-
ceived a pre-emptive renal transplant in the first post-partum
year. A further 19 women with a median pre-pregnancy eGFR
of 41 mL/min/1.73 m2 (range 24–50 mL/min/1.73 m2) required
renal replacement beyond the first year after delivery.
Haemodialysis was commenced in 10 women, peritoneal dialy-
sis was initiated in 4 women and 5 women received pre-
emptive renal transplants at a median (IQR) of 3.0 (2.0–4.8)
years post-partum.

A total of 761 eGFR values were available from the 165 sin-
gleton pregnancies with pre-pregnancy eGFR data (mean
4.6 values per woman, range 1–7; Figure 1). The optimum

statistical model of eGFR included the pre-pregnancy trend in
eGFR and the step-decline between pre-pregnant and post-
partum values, with adjustment for pre-pregnancy CKD stage
(Supplementary data, Table S2). The inclusion of the post-
partum eGFR did not improve the model, with no measurable
difference between pre-pregnancy and post-partum eGFR
trajectory (Supplementary data, Table S3).

The step-decline between eGFR values taken before conception
and post-partum was significant. Across the whole cohort,
the mean decline in eGFR prior to pregnancy was 1.8 mL/min/
1.73 m2/year. The step-decline in eGFR between pre-pregnancy
and post-partum values was 4.5 mL/min/1.73 m2, therefore equiv-
alent to 2.5 years of renal disease prior to pregnancy. This effect
differed according to pre-pregnancy CKD stage with pregnancy
calculated to be the equivalent of 1.7, 2.1 and 4.9 years of
pre-pregnancy renal disease in CKD Stages 3a, 3b and 4–5, respec-
tively (Table 6). An overall decline in renal function in relation
to pregnancy was confirmed in women with at least two pre-
pregnancy and two post-partum eGFR values, with 80% (86/108)

Table 5. Odds ratios of birthweight <10th centile in women with CKD

Variable Unadjusted odds
ratio (95% CI)

P-value Adjusted
odds ratioa (95% CI)

P-value Final modelb

(95% CI)
P-value

uPCRþ >100 mg/mmolc 3.00 (1.45–6.21) 0.003 1.71 (0.70–4.17) 0.238 2.57 (1.20–5.53) 0.016
CKD Stages 4 and 5d 3.39 (1.35–8.52) 0.009 4.03 (1.24–13.09) 0.020 1.81 (0.63–5.24) 0.271
Gestational fall in serum creatinine <10%e 2.18 (1.08–4.41) 0.029 1.26 (0.54–2.94) 0.599
Black race 1.88 (0.87–4.07) 0.111
Chronic hypertension 1.65 (0.63–4.35) 0.309
Glomerulonephritis 1.40 (0.71–2.79) 0.335
Maternal age 0.98 (0.91–1.04) 0.450
Renal transplantation 0.82 (0.39–1.72) 0.604
CKD Stage 3 bd 0.85 (0.42–1.74) 0.662

aAdjusted for all factors found to be significant in the unadjusted analysis.
bBased on significance in the adjusted model.
cPre-pregnancy (n¼ 102) or early pregnancy (n¼ 38).
dPre-pregnancy CKD stage by CKD-EPI, compared with Stage 3a.
eCompared with pre-pregnancy values.
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FIGURE 1: eGFR prior to and following pregnancy according to
CKD stage: post-partum decline was not measurably different from
pre-pregnancy decline and measurement of post-partum renal func-
tion did not improve a statistical model including pre-pregnancy
data and the step in renal function between pre-pregnancy and post-
partum values.
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of women demonstrating a step-decline in eGFR (Figure 2).
Where women had more than one pregnancy, median step-
decline in eGFR in the first pregnancy was 6 mL/min/1.73 m2.

Examination of pre-pregnancy variables showed that
chronic hypertension and uPCR of >100 mg/mmol were
significant determinants of the step-decline between pre-
pregnant and post-partum eGFR. Adjusted analysis including
pre-pregnancy and post-pregnancy variables showed that
chronic hypertension remained significant, though the measur-
able effect of proteinuria was lost when pregnancy outcomes
were known. A gestational fall in serum creatinine <10% was a
more significant predictor of renal function decline in preg-
nancy than delivery <34 weeks and birthweight less than the
10th centile. Maternal age, black ethnicity and a diagnosis of
glomerulonephritis had no measurable effect on the step-
decline in eGFR in relation to pregnancy (Table 7).

Transplant outcomes

There were 43 (24%) women with a functioning renal trans-
plant including 2 women with combined kidney–pancreas
transplants. The median (IQR) time between transplantation
and pregnancy was 6.0 years (4.3–8.5). Pre-pregnancy CKD
stage was available for 42/43 women. Most women with renal
transplants had CKD Stages 3a (23/42, 55%) and 3b (16/42,
38%), with few women with CKD Stages 4 and 5 (3/42, 7%).
Median (IQR) pre-pregnancy uPCR was 19 mg/mmol (12–
41 mg/mmol). The majority (24/30, 80%) had chronic hyper-
tension. The fall in serum creatinine concentrations in preg-
nancy was <10% compared with pre-pregnancy values in just
under half of women (20/42, 47%). Women with renal trans-
plants had a smaller decline in eGFR (3.7 mL/min/1.73 m2) be-
tween pre- and post-pregnancy concentrations, compared with
women without transplants (5.3 mL/min/1.73 m2). However,
this loss was converted into a higher number of equivalent years
of pre-pregnancy disease (4.3 versus 2.5 years), as women with
renal transplants also had more stable renal function prior to
pregnancy (decline of 0.9 mL/min/1.73 m2/year) compared
with women with native CKD (decline of 2.1 mL/min/1.73 m2/
year; Table 6). Of the women with a minimum of two eGFR val-
ues before and after pregnancy, 35% (12/34) showed stable kid-
ney function between pre- and post-partum eGFR values, and
65% (22/34) showed a step-decline in renal function in relation
to pregnancy. At 1 year post-partum, 22% (8/36) had lost

�25% of their pre-pregnancy eGFR, including one woman with
pre-pregnancy CKD Stage 4 who commenced haemodialysis
within the first post-partum year. Renal transplantation was not
independently associated with delivery prior to 34 weeks’ gesta-
tion (Table 3), birthweight <10th centile (Table 5) or a decline
in kidney function in association with pregnancy (Table 7).

D I S C U S S I O N

Women with CKD Stages 3–5 have a high live birth rate (98%)
in pregnancies progressing beyond 20 weeks’ gestation, but
pregnancies are complicated by preterm delivery (56%) and
birthweight<10th centile (36%). Chronic hypertension was the
strongest predictor of the risk of delivery before 34 weeks, with
one-third of women with chronic hypertension delivering be-
fore 34 weeks in this cohort. The absence of a gestational fall in
serum creatinine that was <10% of pre-pregnancy values was
associated with a doubling of the risk of delivery before
34 weeks from 20% to 40% in women with chronic hyperten-
sion. Pre- or early pregnancy proteinuria approximating to
>1 g/24 h was the strongest predictor of birthweight <10th
centile. Chronic hypertension, pre- or early pregnancy protein-
uria and the absence of gestational fall in serum creatinine were
stronger predictors of adverse pregnancy outcome than CKD
Stages 3–5. The trajectory of eGFR was not measurably different
pre- and post-partum, but there was a step-decline in renal
function in relation to pregnancy in 80% of women. This was
equivalent to between 1.7 and 4.9 years of background renal dis-
ease depending on renal function prior to pregnancy and CKD
stage. Overall, pregnancy was estimated to bring forward the
need for RRT by 2.5 years. Predictors of the risk of a decline in
eGFR in relation to pregnancy were chronic hypertension and a
gestational fall in serum creatinine<10%.

The finding of a higher incidence of preterm delivery and
low birthweight with increasing CKD stage confirms previous
data [3–5]. However, CKD stage is confounded by an increased
prevalence of both chronic hypertension and proteinuria, and
this study is the first to demonstrate that chronic hypertension
and pre- or early pregnancy proteinuria are stronger predictors
of adverse obstetric outcome than CKD stage in women with
CKD Stages 3–5. Overall rates of RRT in this cohort were low,
with 3% of women commencing dialysis during pregnancy and
7% within the first post-partum year. However, renal replace-
ment was not limited to women with CKD Stages 4 and 5.

Table 6. Loss of eGFR between pre-pregnancy and post-pregnancy values according to CKD stage

Pre-pregnancy
CKD stage

Number of
pregnancies

Number of
eGFR values

Pre-pregnancy
decline in eGFR mL/min/

1.73 m2/year (95% CI)

eGFR loss in
pregnancy mL/min/

1.73 m2 (95% CI)

Years of pre-pregnancy
disease equivalent to eGFR
loss in pregnancy (95% CI)

All (3–5) 165a 761 1.8 (0.9–2.6) 4.5 (2.0–7.1) 2.5 (0.0–5.1)
Transplants (3–5)b 42 229 0.9 (0.7–2.4) 3.7 (0.7–8.1) 4.3 (0.0–7.9)
Native CKD (3–5) 123 532 2.1 (1.0–3.1) 5.3 (2.2–8.3) 2.5 (0.0–5.2)
3a 79 360 1.7 (0.3–3.0) 2.9 (0.0–7.0) 1.7 (0.0–5.5)
3b 61c 283 2.2 (0.9–3.5) 4.6 (0.7–8.5) 2.1 (0.0–4.9)
4–5 25 118 1.6 (0.0–3.3) 7.9 (3.2–12.6) 4.9d

aMultifetal pregnancies (n¼ 2) excluded.
bCKD stage in women with transplants: 23 women with Stage 3a, 16 women with Stage 3b and 3 women with Stages 4–5.
cTwo twin pregnancies excluded.
dNo CI possible as the estimate for pre-pregnancy decline in women with CKD Stages 4 and 5 includes zero.
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Although documentation of the clinical indicators for dialysis
was insufficient to allow detailed analysis, hypertension and
proteinuria were considered to be clinically important in those
with pre-pregnancy CKD Stage 3 who progressed to dialysis
during pregnancy or within the first year post-partum.

The novel conversion of renal function decline during preg-
nancy to 2.5 equivalent years of background renal disease is

useful for both patients and clinicians in providing a tangible
measure of the effect of pregnancy on renal function. The effect
of pregnancy can be estimated to bring forward to need for
renal replacement by 1.7, 2.1 and 4.9 years in Stages 3a, 3b and
4–5, respectively. Women with CKD Stages 4–5 and renal dis-
ease progression, which in the absence of pregnancy would be
anticipated to lead to renal replacement within 5 years, should
be advised that a decline in GFR is likely to precipitate the need
for RRT either in pregnancy or within the immediate post-
partum period.

Although the loss of eGFR in relation to pregnancy was less
in women with renal transplants, this effect was confounded by
the majority having CKD Stage 3a prior to pregnancy, and an
apparent protective effect of renal transplantation on the de-
cline in eGFR in relation to pregnancy was lost when data were
corrected for chronic hypertension and proteinuria. Although
there is a potential treatment paradox in women with renal
transplants, with a lower threshold for iatrogenic preterm
delivery when there is a gestational increase in serum creatinine
concentration in transplants compared with native CKD, the
finding that renal transplantation does not increase the risk of
adverse obstetric outcomes is reassuring. The impact upon
pregnancy outcomes of other factors specific to renal transplan-
tation including episodes of rejection, presence of cytomegalo-
virus, immunosuppression dosing and concentrations, disease
recurrence, transplant rejection and donor characteristics re-
main unknown, and prospective studies are warranted.

In women with normal renal function, physiological adapta-
tion to pregnancy includes a 50% increase in creatinine clear-
ance and a gestational fall in serum creatinine concentration
[20, 21]. In the absence of published data, this has been used an-
ecdotally as a poor prognostic indictor [17]. Our study is the
first to confirm that a failure of serum creatinine concentration
to fall in pregnancy by �10% compared with pre-pregnancy
values is associated with both delivery prior to 34 weeks and a
greater pregnancy-related decline in eGFR. The absence of a
gestational fall in serum creatinine in pregnancy could repre-
sent impaired renal adaptation to pregnancy and/or disease
progression. However, our data suggest that the gestational ef-
fect on renal function in women with CKD is more complex
than a continuation of the disease course prior to pregnancy as
the optimum statistical model of eGFR required both the non-
pregnant trajectory in eGFR and the step-decline in eGFR be-
tween pre-pregnancy and post-partum values.

To our knowledge, this is the largest study of obstetric and
renal outcomes in women with CKD Stages 3–5, surpassing re-
cent cohorts that included 15 and 47 women [2, 5]. The largest
previous study to date precedes CKD staging and included 82
pregnancies with serum creatinine concentrations >124 mmol/
L, delivering between 23 and 47 years ago [2]. We therefore pro-
vide much needed contemporary data to inform pre-pregnancy
counselling and the intra- and post-partum surveillance of
women with moderate and severe pre-pregnancy CKD, strati-
fied by pre-pregnancy CKD stage (CKD-EPI [22]).

A limitation of the study is the absence of pre-eclampsia cod-
ing as a modifier of both obstetric and renal outcomes. In the
absence of defined diagnostic criteria (in any national or
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FIGURE 2: The trend in eGFR between pre-pregnancy and post-
partum values according to CKD stage in women with at least two
values prior to and two values after pregnancy. Stage 3a: fall in eGFR
in 36 women (red) and stable eGFR in 13 women (blue). Stage 3b:
fall in eGFR in 34 women (red) and stable eGFR in 7 women (blue).
Stages 4 and 5: fall in eGFR in 16 women (red) and stable eGFR in 2
women (blue).
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international guidance) for superimposed pre-eclampsia in
women with chronic hypertension and/or pre-existing protein-
uria, a reliable diagnosis of pre-eclampsia could not be deter-
mined by retrospective case-note review. Preterm delivery
<34 weeks and birthweight <10th centile were used as impor-
tant obstetric outcomes in this study. Although these outcomes
may suggest the possibility of underlying pre-eclampsia, these
surrogate markers are confounded by any pathology that
impacts growth and delivery as well as differences in clinician
threshold for iatrogenic preterm delivery. The potential rela-
tionship between acute kidney injury due to superimposed
pre-eclampsia and loss of kidney function in relation to preg-
nancy could not, therefore, be determined by this study.
Similarly, gestational diabetes and urinary tract infection
were inconsistently coded during the study period. This
study excluded spontaneous pregnancy loss prior to 20 weeks
due to the possibility of miscoding error and information
bias. The live birth rate of 98% therefore refers only to preg-
nancies that progress beyond 20 weeks’ gestation. Predictors
of early pregnancy loss in women with CKD Stages 3–5 have
not been identified and the effect of early pregnancy loss on
long-term maternal renal function is unknown. Evidence for
use of low-dose aspirin for pre-eclampsia prophylaxis coin-
cided with the time period of this study, although use and ad-
herence could not be confirmed in all women. There were
insufficient data on the use of renin–angiotensin blockade,
and whether there is benefit in the use of angiotensin-
converting enzyme inhibitors in the pre- and post-partum
period outside of standard indications in CKD remains
unknown.

Future work includes the generation of a prediction model
for women with CKD, comparable to those available to women
with hypertensive disorders of pregnancy [23], to provide
appropriate counselling and surveillance. Clinical indicators for
the commencement of dialysis in pregnancy for the optimiza-
tion of maternal and neonatal outcomes are also warranted.

Research into the contribution of superimposed pre-eclampsia
in mediating adverse pregnancy outcomes may be informative.
Prospective studies, including predefined diagnostic criteria, in
conjunction with emerging biomarkers of placental dysfunction
[7], may offer valuable insight into pathophysiology of adverse
outcomes to develop targeted interventions.
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Table 7. Predictors of the step-decline in eGFR in relation to pregnancy

Variable Single linear
regression coefficient

(95% CI)

P-value Multiple
linear regression of

pre-pregnancy variables
(95% CI)

P-value Multiple linear
regression of all

variables (95% CI)

P-value

Pre-pregnancy variables
Chronic hypertension �8.31 (�11.89 to �4.73) <0.001 �6.63 (�10.53 to �2.72) 0.001 �5.67 (�9.52 to �1.82) 0.004
uPCRþ >100 mg/mmola �8.72 (�11.27 to �6.19) <0.001 �6.78 (�10.16 to –3.40) <0.001 �2.43 (�5.64 to 0.77) 0.138
Renal transplantation 3.72 (1.26 to 6.18) 0.003 �1.03 (�4.38 to 2.32) 0.547
Ethnicity: Black versus non-Black �2.57 (�5.48 to 1.56) 0.084
Glomerulonephritis �1.26 (�3.78 to 1.26) 0.328
Maternal age 0.11 (�0.14 to 0.36) 0.387

Post-pregnancy variables
Gestational creatinine fall <10%b �8.04 (�10.52 to �5.56) <0.001 �5.57 (�8.61 to �2.53) <0.001
Preterm delivery <34 weeks �8.04 (�10.52 to �5.56) <0.001 �1.27 (�5.21 to 2.66) 0.527
Birthweight <10th centile �4.29 (�6.78 to �1.81) 0.001 �0.94 (�4.25 to 2.37) 0.576

Step-decline is between eGFR pre-pregnancy and eGFR post-partum. Post-pregnancy variables are only known once the pregnancy has delivered. The coefficient is a measure of the
difference in eGFR between pre-pregnancy and post-partum eGFR values that can be attributed to that variable.
aPre-pregnancy (n¼ 123) or early pregnancy (n¼ 50).
bCompared with pre-pregnancy values.
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