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Background

It is unknown whether preeclampsia is a risk marker for subsequent end-stage renal 
disease (ESRD).

Methods

We linked data from the Medical Birth Registry of Norway, which contains data on 
all births in Norway since 1967, with data from the Norwegian Renal Registry, which 
contains data on all patients receiving a diagnosis of end-stage renal disease (ESRD) 
since 1980, to assess the association between preeclampsia in one or more pregnan-
cies and the subsequent development of ESRD. The study population consisted of 
women who had had a first singleton birth between 1967 and 1991; we included data 
from up to three pregnancies. 

Results

ESRD developed in 477 of 570,433 women a mean (±SD) of 17±9 years after the first 
pregnancy (overall rate, 3.7 per 100,000 women per year). Among women who had 
been pregnant one or more times, preeclampsia during the first pregnancy was as-
sociated with a relative risk of ESRD of 4.7 (95% confidence interval [CI], 3.6 to 6.1). 
Among women who had been pregnant two or more times, preeclampsia during the 
first pregnancy was associated with a relative risk of ESRD of 3.2 (95% CI, 2.2 to 4.9), 
preeclampsia during the second pregnancy with a relative risk of 6.7 (95% CI, 4.3 to 
10.6), and preeclampsia during both pregnancies with a relative risk of 6.4 (95% CI, 
3.0 to 13.5). Among women who had been pregnant three or more times, preeclamp-
sia during one pregnancy was associated with a relative risk of ESRD of 6.3 (95% CI, 
4.1 to 9.9), and preeclampsia during two or three pregnancies was associated with 
a relative risk of 15.5 (95% CI, 7.8 to 30.8). Having a low-birth-weight or preterm 
infant increased the relative risk of ESRD. The results were similar after adjustment 
for possible confounders and after exclusion of women who had kidney disease, 
rheumatic disease, essential hypertension, or diabetes mellitus before pregnancy.

Conclusions

Although the absolute risk of ESRD in women who have had preeclampsia is low, pre
eclampsia is a marker for an increased risk of subsequent ESRD.
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Several investigations have suggest-
ed that preeclampsia may be associated with 
the development of cardiovascular disease,1-4 

renal disease,5 and cardiovascular risk factors6-11 
for several years after pregnancy.  Other studies have 
shown increased rates of microalbuminuria up to 
5 years after pregnancy in women with previous 
preeclampsia,12,13 a finding that is compatible with 
the presence of underlying unrecognized renal dis-
ease or a damaging effect of preeclampsia on the 
kidney. It is uncertain whether these associations 
are explained by adverse effects of preeclampsia it-
self or by underlying risk factors that predispose 
women to both preeclampsia and later cardiovas-
cular and renal disease.

We previously reported that preeclampsia in a 
woman’s first pregnancy is a risk marker for un-
dergoing a kidney biopsy later in life.5 However, it 
is not known whether preeclampsia is associated 
with end-stage renal disease (ESRD) and, if so, 
whether a history of preeclampsia in more than 
one pregnancy increases this risk.

We linked data from two large registries, the 
Medical Birth Registry of Norway and the Norwe-
gian Renal Registry, to assess the association be-
tween preeclampsia in one or more pregnancies 
and the subsequent risk of ESRD. We also assessed 
the relationships between having a low-birth-
weight infant or a preterm birth and the risk of 
later ESRD.

Me thods

Study Subjects

Since 1967, medical data on all births in Norway 
(total population, 4.5 million) with a gestational 
age of at least 16 weeks have been forwarded to 
the Medical Birth Registry of Norway.14 Notifica-
tion is compulsory and is carried out with the use 
of a form that is completed by the attending mid-
wife or doctor. The form includes extensive data 
on maternal disease and conditions of the new-
born, which are coded at the registry according 
to the definitions in the International Classification 
of Diseases (the 8th revision was used from 1967 to 
1998 and the 10th revision from 1999 to the pres-
ent). Since 1980, data from all patients in Norway 
who have end-stage renal disease (which is defined 
as the need for long-term dialysis treatment or re-
nal transplantation), including the date of onset 
and the cause of the disease, have been entered in 
the Norwegian Renal Registry; these data are avail-

able through December 2005. The national Cause 
of Death Registry contains data on all deaths; these 
data are available through December 2004.

We included data on the first three pregnancies 
that resulted in a live birth or a stillbirth after at 
least 16 weeks of gestation for all women for 
whom a first delivery was recorded between 1967 
and 1991. Data on second and third pregnancies 
were available through 2004. Data from women 
with multiple deliveries were excluded. We used 
national identification numbers to link data from 
the included women with the Norwegian Renal 
Registry and the national Cause of Death Registry. 
The study was approved by the Regional Com-
mittee for Medical Research Ethics in Western 
Norway.

Explanatory Variables

The criteria for preeclampsia that are used by the 
reporting midwives and obstetricians are in ac-
cordance with the 1972 recommendations of the 
American College of Obstetricians and Gynecolo-
gists.15 These criteria include increased blood pres-
sure after 20 weeks of gestation (≥140/90 mm Hg 
or an increase in systolic pressure of ≥30 mm Hg or 
in diastolic pressure of ≥15 mm Hg from measure-
ments made before 20 weeks of gestation) and 
proteinuria (≥0.3 g of protein in a 24-hour urine 
specimen or a urine dipstick result of ≥1+). The di-
agnoses of preeclampsia in the Medical Birth Reg-
istry have not been directly validated, but consis-
tency of reported rates has been demonstrated 
among counties and over time.16-18 Birth weight 
was measured shortly after birth; a weight below 
2.5 kg was categorized as low birth weight. From 
1967 through 1998, the estimated gestational age 
was based on the last menstrual period, and from 
1999 onward, it was based on routine ultrasono-
graphic examination between gestational weeks 
17 and 20. Birth at a gestational age of less than 
37 weeks was defined as preterm. Infants whose 
birth weight for gestational age was below the 10th 
percentile (on the basis of sex-specific reference val-
ues reported previously19) were considered small 
for gestational age.

The registration of diabetes mellitus, kidney 
disease (including kidney or urinary tract disease), 
rheumatic disease (autoimmune connective-tissue 
disease or inflammatory arthritides), and essen-
tial hypertension before pregnancy relies on the 
ascertainment of these conditions by the woman’s 
general practitioner or obstetrician. Validation 
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studies have shown that 97% of patients with a 
previous diagnosis of diabetes mellitus and 88% 
of those with a previous diagnosis of rheumatic 
disease are registered with these conditions in the 
Medical Birth Registry.20,21 A birth was recorded 
as a stillbirth if the infant died before or during 
labor. Marital status was dichotomized as either 
single (divorced or not living with a partner) or not 
single (married or living with a partner). Congeni-
tal malformation of the infant was recorded as 
present if any congenital malformation was re-
ported shortly after birth. The year of delivery and 
maternal age at delivery were included in the 
analyses as continuous variables.

Outcome Variables

The outcome of the study was ESRD. The date of 
onset of ESRD was defined as the date of initiation 
of dialysis treatment or the date of renal trans-
plantation. The causes of ESRD were categorized 
as glomerulonephritis, interstitial nephritis, con-
genital disease, diabetic nephropathy, and other 
causes. Women in whom ESRD did not develop 
were followed until December 31, 2005, or death.

Statistical Analysis

Data were analyzed in a cohort design, with pre
eclampsia, birth weight, and gestational age at 
birth as explanatory variables and ESRD as the out-
come variable. We performed separate analyses of 
data from women with one or more, two or more, 
and three or more pregnancies. Explanatory vari-
ables that were related to one, two, or three preg-
nancies were included in the respective analyses, 
and baselines were set at the dates of the first, 
second, or third births. Pregnancies occurring af-
ter the development of ESRD were excluded. Ab-
solute risk estimates were calculated as rates per 
100,000 person-years of observation. Estimates of 
the relative risk of ESRD according to selected risk 
factors were obtained by Cox regression analyses. 
Analyses were adjusted by including the described 
variables as covariates in the Cox models. Using 
Cox regression models, we tested for effects of in-
teractions between preeclampsia and low birth 
weight or preterm birth in each of the analyses. 
Data from women who died without having ESRD 
were censored at the time of death. Because cases 
of ESRD were not registered between 1967 and 
1979, data from mothers who gave birth during 
this period were left truncated in the survival analy
ses before January 1980. Consequently, the count-

ing-process formulation of proportional hazards 
(Cox regression) was applied.22 According to this 
method, mothers were not included in the analy-
sis until the occurrence of ESRD could be regis-
tered, beginning in 1980; for example, a mother 
with her last delivery in 1973 would be included in 
the analyses 7 years after the delivery, and her data 
would be censored 32 years after the delivery if she 
did not have ESRD or if she died. The analyses were 
performed with the use of the statistical software 
packages SPSS, version 15, and S-Plus, version 7.0.

R esult s

Study Population

The study population consisted of 570,433 women 
who had given birth to at least one child with a 
gestational age of 16 weeks or more; 480,006 of 
these women gave birth to a second child and 
210,660 to a third child. The mean (±SD) durations 
of follow-up after the first, second, and third preg-
nancy were 26.5±7.5, 22.8±8.0, and 18.7±8.2 years, 
respectively. The mean ages of the mother at the 
first, second, and third delivery were 23.5±4.3, 
26.9±4.3, and 30.2±4.3 years, respectively. As com-
pared with women with only one pregnancy, wom-
en with two or more pregnancies were younger, 
less likely to be single, and less likely to have had 
preeclampsia in their first pregnancy (Table 1). 
As compared with women who did not have still-
birth, a history of stillbirth in the first pregnancy 
was associated with a greater likelihood of having 
a second pregnancy (87% vs. 84%) and a third 
pregnancy (67% vs. 37%). As compared with wom-
en who did not have preeclampsia, women who 
had preeclampsia in a first pregnancy resulting in 
a live birth were less likely to have a second preg-
nancy (81% vs. 84%) or a third pregnancy (34% vs. 
37%). As compared with women who had no pre
eclamptic pregnancies, women who had pre
eclampsia in a second pregnancy were less likely 
to have a third pregnancy (35% vs. 44%). Among 
women who had preeclampsia during pregnancy, 
those who had a low-birth-weight infant were less 
likely to have a subsequent pregnancy than those 
who had an infant of normal weight.

Between 1980 and 2005, ESRD developed in 
477 women at a mean age of 41±10 years (range, 
19 to 77) and at a mean of 17±9 years after the 
first pregnancy. ESRD developed in 0.007%, 
0.015%, 0.051%, 0.10%, and 0.18% of the wom-
en within 5, 10, 20, 30, and 38 years after the 
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first birth, respectively. The overall rate of ESRD 
after the first birth was 3.7 per 100,000 women 
per year.

Preeclampsia as a Risk Marker

Among women who had been pregnant one or 
more times, preeclampsia during the first preg-
nancy was associated with a relative risk of ESRD 
of 4.7 (95% confidence interval [CI], 3.6 to 6.1) 
(Table 2). Among women who had been pregnant 
two or more times, preeclampsia during the first 
pregnancy was associated with a relative risk of 
ESRD of 3.2 (95% CI, 2.2 to 4.9), preeclampsia dur-
ing the second pregnancy with a relative risk of 6.7 
(95% CI, 4.3 to 10.6), and preeclampsia during both 

pregnancies with a relative risk of 6.4 (95% CI, 
3.0 to 13.5). Among women who had been preg-
nant three or more times, preeclampsia during one 
pregnancy was associated with a relative risk of 
ESRD of 6.3 (95% CI, 4.1 to 9.9), and preeclamp-
sia during two or three pregnancies was associat-
ed with a relative risk of 15.5 (95% CI, 7.8 to 30.8).

Figure 1 shows the association between pre
eclampsia and ESRD during the follow-up period. 
Separate analyses setting the baseline at 10 years 
after the pregnancy of interest confirmed a sig-
nificant association between preeclampsia and 
ESRD. These analyses showed that after one preg-
nancy, the relative risk of ESRD that was associ-
ated with preeclampsia was 4.1 (95% CI, 3.1 to 

Table 1. Characteristics of First and Second Pregnancies in Relation to the Subsequent Development of End-Stage Renal Disease (ESRD) 
and the Lifetime Number of Pregnancies.* 

Variable All Women
Women 

with ESRD Lifetime No. of Pregnancies

1 2 ≥3

First pregnancy

No. of women 570,433 477 90,427 269,346 210,660

Maternal age at delivery — yr 23.5±4.3 24.0±5.1 25.8±5.7 23.7±4.0 22.4±3.5

Single marital status — no. (%) 114,217 (20.0) 108 (22.6) 26,867 (29.7) 43,664 (16.2) 43,686 (20.7)

Preeclampsia — no. (%) 20,918 (3.7) 67 (14.0) 3,919 (4.3) 9,678 (3.6) 7,321 (3.5)

Low-birth-weight infant — no. (%) 27,764 (4.9) 92 (19.3) 5,898 (6.5) 11,092 (4.1) 10,776 (5.1)

Preterm birth — no. (%) 31,957 (5.6) 94 (19.7) 6,425 (7.1) 13,313 (4.9) 12,219 (5.8)

Congenital malformation — no. (%) 17,343 (3.0) 21 (4.4) 3,034 (3.4) 7,813 (2.9) 6,496 (3.1)

Stillbirth — no. (%) 4,923 (0.9) 25 (5.2) 638 (0.7) 987 (0.4) 3,298 (1.6)

Maternal diabetes mellitus — no. (%) 1,271 (0.2) 49 (10.3) 423 (0.5) 582 (0.2) 266 (0.1)

Maternal kidney or urinary tract disease — no. (%) 12,872 (2.3) 80 (16.8) 2,347 (2.6) 5,894 (2.2) 4,631 (2.2)

Maternal essential hypertension — no. (%) 909 (0.2) 10 (2.1) 259 (0.3) 427 (0.2) 223 (0.1)

Maternal rheumatic disease — no. (%) 1,389 (0.2) 12 (2.5) 375 (0.4) 654 (0.2) 360 (0.2)

Second pregnancy

No. of women 480,006 318 269,346 210,660

Maternal age at delivery — yr 26.9±4.3 26.8±4.7 28.0±4.4 25.6±3.8

Single marital status — no. (%) 26,076 (5.4) 23 (7.2) 13,085 (4.9) 12,991 (6.2)

Preeclampsia — no. (%) 8,531 (1.8) 27 (8.5) 5,448 (2.0) 3,083 (1.5)

Low-birth-weight infant — no. (%) 14,612 (3.0) 31 (9.7) 7,723 (2.9) 6,889 (3.3)

Preterm birth — no. (%) 20,029 (4.2) 33 (10.4) 10,841 (4.0) 9,188 (4.4)

Congenital malformation — no. (%) 12,684 (2.6) 16 (5.0) 7,083 (2.6) 5,601 (2.7)

Stillbirth — no. (%) 2,977 (0.6) 10 (3.1) 662 (0.2) 2,315 (1.1)

*	Plus–minus values are means ±SD. The number of pregnancies recorded between 1967 and 2004 is given. Maternal diabetes mellitus, kid-
ney or urinary tract disease, essential hypertension, and rheumatic disease are recorded if they were present before pregnancy. Data on 
pregnancies between 1967 and 2004 were available from the Medical Birth Registry of Norway; data on ESRD between 1980 and 2005 were 
available from the Norwegian Renal Registry. 
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5.5); after two pregnancies, the relative risk of 
ESRD was 3.1 (95% CI, 2.0 to 4.9) for preeclamp-
sia in the first pregnancy, 6.1 (95% CI, 3.6 to 10.3) 
for preeclampsia in the second pregnancy, and 5.7 
(95% CI, 2.3 to 13.7) for preeclampsia in both 
pregnancies; after three pregnancies, the relative 
risk was 5.8 (95% CI, 3.5 to 9.6) for preeclampsia 
in one pregnancy and 6.7 (95% CI, 2.1 to 21.3) for 
preeclampsia in two or more pregnancies. Further 

analyses showed that among women with three 
pregnancies, one of which was complicated by 
preeclampsia, the relative risk of ESRD varied, de-
pending on whether preeclampsia occurred dur-
ing the first pregnancy (relative risk, 2.6; 95% CI, 
1.1 to 5.9), the second pregnancy (relative risk, 7.3; 
95% CI, 3.0 to 18.1), or the third pregnancy (rela-
tive risk, 14.3; 95% CI, 8.2 to 24.7). The associa-
tions between preeclampsia and ESRD remained 
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significant after adjustment for potential con-
founders and after the exclusion of women who 
had received a diagnosis of diabetes mellitus, kid-
ney disease, essential hypertension, or rheumatic 
disease before the included pregnancies.

Birth Weight and Preterm Birth as Risk 
Markers

Further analyses showed that having a low-birth-
weight infant and preeclampsia were additive risk 
markers for ESRD (Table 3). Because of the small 
number of subjects in individual categories, it was 
not possible to stratify analyses of women with 
more than one pregnancy according to the particu-
lar pregnancy or pregnancies complicated by pre
eclampsia and by having a low-birth-weight infant. 
When these analyses were repeated for preterm 
birth, the results were similar to those for having 
a low-birth-weight infant (see the Supplementary 
Appendix, available with the full text of this ar-
ticle at www.nejm.org). There were no significant 
interactions between the effects of preeclampsia 
and having a low-birth-weight infant on the risk 
of ESRD. We also looked at the effect of having a 
small-for-gestational-age infant on the risk of 
ESRD and found that the association was weaker 
than that with having a low-birth-weight or pre-
term infant (i.e., the association was significant 
only after one pregnancy; data not shown).

Risk factors for Specific Causes of Renal 
Failure

Of the 477 cases of ESRD among the women, 168 
were due to glomerulonephritis, 59 to interstitial 
nephritis, 100 to hereditary or congenital causes 
(84 of these patients had autosomal dominant poly-
cystic kidney disease), 68 to diabetic nephropathy, 
and 82 to other causes. Preeclampsia was associ-
ated with similar relative risks for the development 
of ESRD due to a specific cause and for the devel-
opment of ESRD in general. The interpretation of 
this analysis, however, is limited by the small num-
bers of women in each category of ESRD.

Discussion

Large cohort studies have shown that preeclamp-
sia in a first pregnancy predicts an increased 
risk of subsequent ischemic heart disease, hyper-
tension, stroke, and death from cardiovascular 
causes.1-4,23 Our previous study showed that pre
eclampsia is a risk marker for a later kidney biopsy.5 

In our current study, we found a strong association 
between preeclampsia and subsequent ESRD. The 
association was stronger if the preeclamptic preg-
nancy resulted in a low-birth-weight or preterm 
infant. These results were independent of poten-
tial birth-related confounders, including maternal 
age at delivery, year of delivery, maternal marital 
status, congenital malformation of the infant, and 
stillbirth, and were apparent more than 10 years 
after the end of the pregnancy.

We found that having a low-birth-weight or 
preterm infant was a risk marker for ESRD, even 
among women who did not have preeclampsia. 
This finding was also shown in our previous 
study,5 and similar observations have been made 
for death from cardiovascular causes4; these re-
sults suggest that placental dysfunction, even in 
the absence of preeclampsia, might be a marker 
of future disease risks. Our finding that the risk 
of ESRD was higher among women with a his-
tory of preeclampsia that resulted in a preterm 
delivery or a low-birth-weight infant suggests that 
the severity of the preeclampsia may also be a 
marker of later risk, although we do not have 
data available on the timing of the onset of pre
eclampsia or other information on severity to 
further assess this question.

Among women who had preeclampsia in only 
one of their three pregnancies, the risk of ESRD 
was higher if preeclampsia occurred in the third 
pregnancy than if it occurred in the first preg-
nancy. The same trend was seen for women with 
two pregnancies: the risk was higher if preeclamp-
sia occurred in the second pregnancy. Women 
with severe preeclampsia in a first pregnancy are 
less likely to become pregnant again than are 
women with no preeclampsia; this finding may 
reflect that preeclampsia was likely to have been 
mild in a first pregnancy in women who went on 
to have subsequent pregnancies. The risk of ESRD 
also was greater in women with more than one 
preeclamptic pregnancy than in those with only 
one such pregnancy.

Several mechanisms might explain the ob-
served association between preeclampsia and sub-
sequent renal disease. One possibility is that kid-
ney disease and preeclampsia are caused by the 
same factors. Obesity, hypertension, insulin resis-
tance, and endothelial dysfunction, for example, 
have been linked to both disorders.24-27 Antiangio-
genic factors have been suggested to have an im-
portant role in the pathogenesis of preeclampsia28 
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and in the progression of chronic renal disor
ders.29‑31 Alternatively, preeclampsia may exacer-
bate subclinical kidney disease that is present be-
fore pregnancy. This hypothesis is consistent with 
our previous finding that preeclampsia was as-
sociated with similar relative risks for receiving 
a diagnosis of a specific type of renal disease on 
renal biopsy and for undergoing a renal biopsy.5 
The hypothesis is also consistent with our present 
finding that preeclampsia is associated with simi-
lar relative risks for the development of ESRD due 
to a specific cause and for the development of 
ESRD in general. However, our results were not 
substantially changed after the exclusion of data 
from women who had kidney or urinary tract dis-
ease before pregnancy. A third possibility is that 
preeclampsia may cause later renal disease. The 
observation in other studies that 20 to 40% of 
women with preeclampsia have microalbuminuria 
3 to 5 years after pregnancy, as compared with 
only 2% of women without preeclampsia,12,13 may 
be interpreted as supporting a causal association. 
However, it is also possible that the women with 
preeclampsia and subsequent microalbuminuria 
had unrecognized renal disease before pregnancy.

The strengths of our study are that it includes 
a large national cohort of women, with complete 
registration of exposures and outcomes and with 
censoring of data from women who died, and that 
the primary outcome, ESRD, is well documented. 
A weakness is that the study included data on sub-
jects from 1967 to 2004, but outcomes before 1980 
were not registered; we addressed this limitation 
by using a statistical method that does not include 
women in the analyses until an outcome can be 
registered. On the assumption that the association 
between preeclampsia and ESRD did not change 
from 1967 to 1980, the statistical method is ade-
quate. 

Another limitation is the possibility of uncon-
trolled confounding. Previous validation studies 

on diabetes mellitus and rheumatic disease have 
suggested that these diagnoses are well captured 
and are unlikely to be important confounders in 
our study.20,21 Urinary dipstick and blood-pressure 
measurements are routinely performed at all preg-
nancy visits, and essential hypertension and kid-
ney disease are recorded, although these reports 
have not been validated. We cannot rule out the 
possibility that mild kidney disease may have re-
mained undetected or unreported during preg-
nancy in some women. Nevertheless, even if this 
were the case, preeclampsia would still be an im-
portant clinical marker for an increased risk of 
renal disease in these women. 

We do not have data from these women on 
smoking or obesity, factors that have also been 
associated with both preeclampsia and chronic 
renal disease.32-34 It is possible that a higher body 
weight among women with preeclampsia ac-
counts in part for their observed increased risk 
of ESRD.32,34,35 Since smoking is associated with 
a decreased risk of preeclampsia26 but an increased 
risk of renal disease,33 it would not explain the 
increased relative risks we observed.

In summary, our findings indicate that pre
eclampsia is a clinical marker for an increased risk 
of subsequent ESRD, although the absolute risk 
is low, even among women with this history. The 
risk is greater if a preeclamptic pregnancy results 
in the birth of a low-birth-weight or preterm in-
fant or if preeclampsia occurs in more than one 
pregnancy. Future research is needed to better 
understand the mechanisms underlying the rela-
tionship between preeclampsia and subsequent 
ESRD and to guide the optimal clinical follow-up 
of women with this history.
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