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(Suivi	moyen	12	ans) Accident	coronarien	fatal	:	OR	2.17	[1.92-2.45]



Discussion
In this large register-based study, an association was found
between preeclampsia and subsequent risk of MACE and
cardiovascular mortality. The risk of MACE and cardiovascular
mortality was further markedly increased when preeclampsia
was combined with a child born SGA and/or preterm delivery,
and the highest risk was found for preeclamptic women with
preterm delivery. In parity analyses, the highest risk of MACE
was found for women with recurrent preeclampsia combined
with an SGA offspring and/or preterm delivery.

Preeclampsia and Subsequent Risk of MACE
Our findings are in line with previous studies linking
preeclampsia with subsequent ischemic heart disease.14–16

It is unclear what leads to this increased risk of MACEs, and
several hypotheses have been suggested.1,8 Women may
have a shared unfavorable cardiovascular and preeclampsia
risk profile before pregnancy involving risk factors such as
obesity, hypertension, high blood lipids, diabetes, and
physical inactivity.2 Women may have pleiotropic genetic
risk factors that predispose them to develop preeclampsia in
pregnancy and CVD later in life.3,25 The relationship may at
least partly be due to conditions in pregnancy since vascular
load of pregnancy complications, such as preeclampsia, may
create a maternal permanent metabolic or vascular imbal-
ance ultimately resulting in cardiovascular complications.
Women undergo major changes in cardiovascular function

during pregnancy.26 CVD is a result of a complex interplay of
multiple factors that span the life course,27 and pathways
leading to preeclampsia may share common physiologic
processes with the development of CVD and MACEs, such as
dyslipidemia.

Preeclampsia in Combination With a Child Born
SGA and/or Preterm Delivery
Pregnancy with an SGA offspring and/or preterm delivery
further increased the risk of MACEs in women with
preeclampsia. Severity of preeclampsia has been shown to
be associated with an increased risk of coronary heart
disease, although with lower magnitude than for preeclampsia
combined with an SGA offspring and/or preterm delivery.14

Early development of preeclampsia may lead to preterm
delivery, and this form of preeclampsia may have different
causes, severity, and outcome compared with preeclampsia
manifesting at gestation. The heterogeneous nature of
preeclampsia includes individual components of the initial
placental disease and of later maternal response to insuffi-
cient placentation or even to pregnancy itself, and presence
of an SGA offspring may reflect a more severe placental
disease of the syndrome.28 Such differences between
preeclampsia phenotypes were also apparent from the
findings that preeclampsia with a child born SGA was more
strongly associated with cardiovascular mortality, while
preeclampsia with preterm delivery was more strongly
associated with MACEs in our study.

Figure 2. Kaplan–Meier curves of subsequent risk of major coronary events (MACEs) according to
preeclampsia (PE) status (P<0.001). A total of 506 350 women aged 16 to 49 years were included and
1275 MACEs (0.3%) were registered. Preterm delivery indicates <37 weeks of gestation; SGA, small for
gestational age (<10th percentile).
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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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Figure 1. Cumulative Risk of End-Stage Renal Disease (ESRD) after a First, Second, or Third Pregnancy, According to the Number  
of Preeclamptic Pregnancies. 

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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Le	risque	de	subir	une	biopsie	rénale	est	multiplié	par	6	après	une	PE

pected. That most risk factors were stronger during the first 5 yr
after childbirth was striking, although the increased risk per-
sisted for the rest of the observation period. Of great impor-
tance is the observation that the associations were virtually
identical after exclusion of women with diabetes, CKD, and
rheumatic disease before pregnancy, thus keeping the focus on
otherwise healthy women. To our knowledge, this is the first
cohort study of perinatal factors and their association with later
clinical maternal kidney disease.

LBW offspring and short gestation were also associated with
an increased risk for later kidney biopsy in the absence of
preeclampsia, suggesting that placental dysfunction without
the development of preeclampsia may be an important risk
factor. Placental dysfunction is an important part of the pre-
eclampsia syndrome, which also involves systemic vasocon-
striction, endothelial dysfunction, oxidative stress, activation of
coagulation, and glomerular leakage of proteins (12,13). Studies
have shown that microalbuminuria persists for at least 5 yr
after birth in approximately 20 to 40% of women with pre-
eclampsia (3,4), as compared with 2% in those without pre-
eclampsia (4). These findings suggest that preeclampsia and
possibly placental dysfunction are associated with irreversible
kidney damage that also may explain the findings in our study.
In addition, microalbuminuria is a recognized initial stage in
the development of diabetic and nondiabetic clinical kidney
disease (14,15), and proteinuria is a possible mediator of further
renal damage (15,16).

That preeclampsia, LBW offspring, and short gestation were
stronger risk factors during the first 5 yr after childbirth suggest
that preeclampsia or placental dysfunction may accelerate de-
velopment or progression of kidney disease but may also be
explained by the presence of subclinical or undetected kidney
disease before pregnancy. Studies have shown that risk factors
for atherosclerosis and microalbuminuria from 20 yr of age are

similar to risk factors for preeclampsia (17–21). It therefore is
likely that women with pregestational microalbuminuria or
atherosclerosis will have an increased risk for preeclampsia as
well as clinical renal disease. It is also possible that a subclinical
GN could be present before pregnancy and accelerated by
preeclampsia as GN often have a long asymptomatic period,
glomerular immunodeposits may be present without clinical
signs of GN (22,23), and hypertension is an important risk
factor for progression of kidney disease (24). Pregestational
kidney disease would also increase the risk for developing
preeclampsia during pregnancy (25). This could not be inves-
tigated further in our study because data on microalbuminuria,
BP, or GFR before pregnancy were not available.

Our study also investigated whether adverse perinatal fac-
tors were risk factors for 20 different diagnoses at kidney
biopsy. Whereas the total population at risk was very large, the
number of women with specific diagnoses was low for most
diagnoses; thus, it was necessary to group the diagnoses into
categories. The intentions were to focus on glomerular diseases,
to obtain categories of a minimum size, and to group only
pathophysiologically similar diagnoses into the same category.
Such categorizations will always be an object for discussion, but
it is our opinion that the chosen categories were suitable and
the best compromise available. This study could not identify
important differences between risk factors for different catego-
ries of kidney disease or for specific diagnoses, which was
unexpected. Most likely, it does not reflect etiologic homoge-
neity of glomerular diseases but rather an aggravating effect of
adverse pregnancy-related factors on any kidney disease that
could be subclinical or undetected before pregnancy.

The major strength of this study is the large national cohort
of subjects with complete registration of exposures and out-
comes. A weakness is that subjects were included from 1967 to
1998, whereas outcomes were not registered until April 1988.
This weakness was compensated for by two approaches and is
unlikely to have affected the results significantly. First, those
with childbirth after April 1988 were analyzed separately. Sec-
ond, the statistical method that was used does not include
patients in the analyses until an outcome can actually be reg-
istered. Statistical adjustments could not be performed in this
study without thorough considerations, mainly because vari-
ables that were recorded before or during pregnancy were
likely to affect variables that were recorded after birth. One
example of this is preeclampsia that is an important indication
for induction of labor and thus a direct cause of LBW offspring.
RR associated with LBW offspring therefore should not be
adjusted for preeclampsia, and the major results therefore were
stratified for offspring birth weight and preeclampsia. Further
stratifications were made for women with and without preges-
tational diseases. It was essential, however, to ensure that the
results presented could not be explained by missing adjustment
for possible confounders. In a series of models of adjustment, it
seemed that the main findings were independent of maternal
age, year of childbirth, marital status, small for gestational age,
and stillbirth. Further adjustment for potential confounders
such as maternal smoking, socioeconomic status, and maternal
body weight was impossible because of lack of data. Thus, the

Figure 2. Cumulative risk for having a kidney biopsy according
to preeclampsia and offspring birth weight. Norway, child-
births 1967 to 1998 and kidney biopsies 1988 to 2002.
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La	pré-eclampsie	aboutissant	à	une	délivrance	prématurée	est	

un	facteur	de	risque	cardio-vasculaire.	
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Cohorte	626 272	femmes	primipares	– 1967	à	1992
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difference between these 2 groups and future admission for 
IHD (OR, 0.95; 95% CI, 0.54–1.67), stroke (OR, 0.65; 95% 
CI, 0.22–1.94), or renal disease (OR, 0.98; 95% CI, 0.41–
2.35). The women with preeclampsia were more likely to 
have severe blood pressure compared with the women with 
gestational hypertension with an OR of 4.34 (95% CI, 3.25–
5.78). However, the women with severe blood pressure with 
gestational hypertension were more likely to have an admis-
sion for future hypertension compared with the women with 
severe blood pressure and preeclampsia (OR, 1.92; 95% CI, 
1.02–3.64).

When examining the whole cohort, the CVD composite 
outcome was significantly different between the women who 
had HDP than in those who remained normotensive in their 
pregnancy (Figure 2). The median time from the index preg-
nancy to onset of CVD (comprised IHD, stroke, and heart 
disease) was 20 years with a range of 3 to 29 years. When 
examining the validated cohort, there was no significant dif-
ference between the women who developed severe hyperten-
sion and those who without severe hypertension in regards to 
years to onset of CVD. However, there was a significant dif-
ference between the women who delivered at ≤34 weeks ges-
tation versus those women who delivered >34 weeks gestation 
and years to onset of CVD (Figure 3).

Of the women whose medical records were exam-
ined, antihypertensive medications were given to 696 
(51%) women with HDP. Of all women developing severe 

hypertension (n=394), 311 (79%) were given antihyperten-
sive medication. There was no significant difference between 
the women who received antihypertensive medication in 
their pregnancy and those who did not receive antihyper-
tensive medication and future admission for hypertension, 
IHD, stroke, or renal disease. Future risk of admission was 
not affected by the type of antihypertensive agent used dur-
ing the pregnancy.

Figure 1. Flowchart of future hospital 
admission per diagnostic group. Please 
note: Of the women with hypertensive 
disorders of pregnancy (HDP; n=4387) 
and the women who remained 
normotensive (n=27 262), 7 were not 
able to be linked (total =31 656). Of 
the individual notes examined, n=583 
(admitted) and n=572 (not admitted), 
3 records were missing, and the HDP 
diagnosis was unable to be determined 
(n=1158).

Table 1.  The Adjusted OR of Admissions for Future Disease 
for Women With Preeclampsia, Gestational Hypertension, and 
All Women With HDP Compared With Women Who Remained 
Normotensive

Future Disease
Preeclampsia, OR 

(95% CI)*

Gestational 
Hypertension, OR 

(95% CI)*
All HDP, OR  
(95% CI)†

Future 
hypertension

3.06(2.18–4.29) 4.08 (3.23–5.10) 2.78 (2.47–3.13)

Ischemic heart 
disease

2.67 (1.49–4.81) 3.19 (2.11–4.83) 2.16 (1.98–3.84)

Stroke 2.03 (0.75–5.49) 0.57 (0.14–2.31) 1.94 (1.39–2.69)

Renal disease 4.74 (2.19–10.20) 3.45 (1.74–6.85) 2.76 (1.98–3.84)

CI indicates confidence interval; HDP, hypertensive disorders of pregnancy; 
and OR, odds ratio.

*Adjusted for age, gestation, and parity.
†Adjusted for current age.
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The women who had been diagnosed with HDP and deliv-
ered >1 week after diagnosis were at an increased risk of 
severe blood pressure (OR, 1.37; 95% CI, 1.07–1.75), being 
prescribed antihypertensive medication (OR, 3.44; 95% CI, 
2.70–4.35) and developing neurological symptoms (OR, 1.77; 
95% CI, 1.08–2.91) compared with the women who had been 
diagnosed with HDP and delivered in <1 week of diagnosis. 
However, there was no difference in future hospital admis-
sions for CVD between the women who delivered in <2 days 
of diagnosis compared with those women who delivered at >1 
week after diagnosis (P=0.141, after adjustment for smoking, 
primiparity, age, diagnosis, and disease severity).

Overall, there was a difference of future admissions 
between the women who had HDP (n=4387) and those who 
remained normotensive (n=27 262) in their pregnancy (OR, 
1.07; 95% CI, 1.01–1.14). The women who had HDP were 
at greater risk of an admission for future CVD (IHD, angina, 
myocardial infarction, and stroke combined) compared with 
the women who remained normotensive in their pregnancy 
(OR, 2.06; 95% CI, 1.65–2.58). The women with HDP were 
also at greater risk of future hypertension (OR, 2.78; 95% CI, 
2.47–3.13) compared with the women who remained normo-
tensive in their pregnancy.

Discussion
This study has shown that women with gestational hyperten-
sion have a greater risk for future hypertension compared to 
women with preeclampsia, results similar to Kestenbaum et al5 
(2003) who found that women with gestational hypertension 

had RR of 2.8 compared with RR of 2.2 for preeclampsia and 
future CVD. Most of the literature refers to the risk following 
preeclampsia alone, and women with gestational hypertension 
are not informed of their increased risk of CVD.6 A study by 
Wikström et al6 (2005) showed that gestational hypertension 
was associated with future CVD risk of 1.6 (95% CI, 1.30–
2.00) but suggested that notwithstanding this result, informing 
women of this would cause undue anxiety. However, recent 
studies have identified gestational hypertension as having a 
higher CVD risk profile compared with women who had pre-
eclampsia in their pregnancy.7,8

Veerbeek et al7 (2015) demonstrated that women with ges-
tational hypertension presented with higher modifiable risk 
factors and had significantly higher blood pressure compared 

Table 2. The Birth Outcomes Between Hypertensive Disorders 
of Pregnancy Women With Severe Blood Pressure and the 
Women Without Severe Blood Pressure

Outcome
Severe  

Blood Pressure
Nonsevere  

Blood Pressure P Value

Age at delivery, y* 28 (6.3)† 27 (5.8)† 0.025

Gestational age, wk* 35 (3.9)† 38 (2.3)† <0.001

Neonatal weight, g* 2473 (956.1)† 3245 (682.3)† <0.001

Weight centile* 26 (9–55)† 47 (20–77)† <0.001

*Mean.
†SD.

Table 3. Comparison of Severity of Blood Pressure and 
Women Who Remained Normotensive in Their Pregnancy and 
Future Cardiovascular Admissions

Future Disease
Odds 
Ratio

Adjusted 
Odds Ratio*

95% 
Confidence 

Interval P Value

Risk factor

    Future hypertension 5.78 5.82 4.47–7.58 <0.001

CVD

    Ischemic heart disease 4.05 3.91 2.46–6.23 <0.001

    Stroke 2.73 2.65 1.16–6.04 0.020

    Renal disease 4.83 4.66 2.25–9.62 <0.001

CVD indicates cardiovascular disease.
*Adjusted for current age.

Figure 2. Comparison of time from index pregnancy to time of 
onset of cardiovascular disease (CVD) comparing the women 
with hypertensive disorders of pregnancy (HDP) and those who 
remained normotensive in their pregnancy.

Figure 3. Comparison of years from index pregnancy to time of 
onset of cardiovascular disease (CVD) between the women who 
delivered ≤34 wk gestation and those who delivered >34 wk 
gestation.
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The women who had been diagnosed with HDP and deliv-
ered >1 week after diagnosis were at an increased risk of 
severe blood pressure (OR, 1.37; 95% CI, 1.07–1.75), being 
prescribed antihypertensive medication (OR, 3.44; 95% CI, 
2.70–4.35) and developing neurological symptoms (OR, 1.77; 
95% CI, 1.08–2.91) compared with the women who had been 
diagnosed with HDP and delivered in <1 week of diagnosis. 
However, there was no difference in future hospital admis-
sions for CVD between the women who delivered in <2 days 
of diagnosis compared with those women who delivered at >1 
week after diagnosis (P=0.141, after adjustment for smoking, 
primiparity, age, diagnosis, and disease severity).

Overall, there was a difference of future admissions 
between the women who had HDP (n=4387) and those who 
remained normotensive (n=27 262) in their pregnancy (OR, 
1.07; 95% CI, 1.01–1.14). The women who had HDP were 
at greater risk of an admission for future CVD (IHD, angina, 
myocardial infarction, and stroke combined) compared with 
the women who remained normotensive in their pregnancy 
(OR, 2.06; 95% CI, 1.65–2.58). The women with HDP were 
also at greater risk of future hypertension (OR, 2.78; 95% CI, 
2.47–3.13) compared with the women who remained normo-
tensive in their pregnancy.

Discussion
This study has shown that women with gestational hyperten-
sion have a greater risk for future hypertension compared to 
women with preeclampsia, results similar to Kestenbaum et al5 
(2003) who found that women with gestational hypertension 

had RR of 2.8 compared with RR of 2.2 for preeclampsia and 
future CVD. Most of the literature refers to the risk following 
preeclampsia alone, and women with gestational hypertension 
are not informed of their increased risk of CVD.6 A study by 
Wikström et al6 (2005) showed that gestational hypertension 
was associated with future CVD risk of 1.6 (95% CI, 1.30–
2.00) but suggested that notwithstanding this result, informing 
women of this would cause undue anxiety. However, recent 
studies have identified gestational hypertension as having a 
higher CVD risk profile compared with women who had pre-
eclampsia in their pregnancy.7,8

Veerbeek et al7 (2015) demonstrated that women with ges-
tational hypertension presented with higher modifiable risk 
factors and had significantly higher blood pressure compared 

Table 2. The Birth Outcomes Between Hypertensive Disorders 
of Pregnancy Women With Severe Blood Pressure and the 
Women Without Severe Blood Pressure

Outcome
Severe  

Blood Pressure
Nonsevere  

Blood Pressure P Value

Age at delivery, y* 28 (6.3)† 27 (5.8)† 0.025

Gestational age, wk* 35 (3.9)† 38 (2.3)† <0.001

Neonatal weight, g* 2473 (956.1)† 3245 (682.3)† <0.001

Weight centile* 26 (9–55)† 47 (20–77)† <0.001

*Mean.
†SD.

Table 3. Comparison of Severity of Blood Pressure and 
Women Who Remained Normotensive in Their Pregnancy and 
Future Cardiovascular Admissions

Future Disease
Odds 
Ratio

Adjusted 
Odds Ratio*

95% 
Confidence 

Interval P Value

Risk factor

    Future hypertension 5.78 5.82 4.47–7.58 <0.001

CVD

    Ischemic heart disease 4.05 3.91 2.46–6.23 <0.001

    Stroke 2.73 2.65 1.16–6.04 0.020

    Renal disease 4.83 4.66 2.25–9.62 <0.001

CVD indicates cardiovascular disease.
*Adjusted for current age.

Figure 2. Comparison of time from index pregnancy to time of 
onset of cardiovascular disease (CVD) comparing the women 
with hypertensive disorders of pregnancy (HDP) and those who 
remained normotensive in their pregnancy.

Figure 3. Comparison of years from index pregnancy to time of 
onset of cardiovascular disease (CVD) between the women who 
delivered ≤34 wk gestation and those who delivered >34 wk 
gestation.
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1 075 763	femmes	=2 067 633	grossesses,	
12974	PE	sévères,	44711	modérées,	

18423	HTAG

Danemark

Behrens	I,	JAMA	2016

Seulement	50%	des	cas	surviennent	au	décours	d’une	HTA	chronique	



Olmsted County,	Minnesota

40	PE	vs	40	NP	(1976-1982)

BMI	supérieur,	traitement	anti-HTA	plus	fréquent

Altération	des	fonctions	cognitives:	

• Fonctions	exécutives
• Mémorisation	verbale
• Attention

Fields	JA,	Am	J	Obstet Gynecol 2017
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Faut-il	inquiéter	les	femmes	préeclamptiques ?

on the setting where answers are available most cost
efficiently. It is time for surveys of prisoners to address
wider issues (on drugs, morbidity, and acquisitive
crime) than risk factors for bloodborne viruses. Time
indeed for a wider epidemiological research pro-
gramme on prisoners’ health—a prudent investment
with likely dividends for prisoners’ and public health
(provided, of course, that coercion is avoided,
confidentiality is secured, methods are acceptable to
prisoners, and they are informed of outcomes11).
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Long term mortality of mothers and fathers after
pre-eclampsia: population based cohort study
Henrik U Irgens, Lars Reisæter, Lorentz M Irgens, Rolv T Lie

Abstract
Objective To assess whether mothers and fathers
have a higher long term risk of death, particularly
from cardiovascular disease and cancer, after the
mother has had pre-eclampsia.
Design Population based cohort study of registry
data.
Subjects Mothers and fathers of all 626 272 births
that were the mothers’ first deliveries, recorded in the
Norwegian medical birth registry from 1967 to 1992.
Parents were divided into two cohorts based on
whether the mother had pre-eclampsia during the
pregnancy. Subjects were also stratified by whether the
birth was term or preterm, given that pre-eclampsia
might be more severe in preterm pregnancies.
Main outcome measures Total mortality and
mortality from cardiovascular causes, cancer, and
stroke from 1967 to 1992, from data from the
Norwegian registry of causes of death.
Results Women who had pre-eclampsia had a
1.2-fold higher long term risk of death (95%
confidence interval 1.02 to 1.37) than women who did
not have pre-eclampsia. The risk in women with
pre-eclampsia and a preterm delivery was 2.71-fold
higher (1.99 to 3.68) than in women who did not have
pre-eclampsia and whose pregnancies went to term.
In particular, the risk of death from cardiovascular
causes among women with pre-eclampsia and a
preterm delivery was 8.12-fold higher (4.31 to 15.33).
However, these women had a 0.36-fold (not
significant) decreased risk of cancer. The long term
risk of death was no higher among the fathers of the

pre-eclamptic pregnancies than the fathers of
pregnancies in which pre-eclampsia did not occur.
Conclusions Genetic factors that increase the risk of
cardiovascular disease may also be linked to
pre-eclampsia. A possible genetic contribution from
fathers to the risk of pre-eclampsia was not reflected
in increased risks of death from cardiovascular causes
or cancer among fathers.

Introduction
Pre-eclampsia, which is characterised by hypertension
and proteinuria, occurs in 3-5% of pregnancies.1 The
condition may be life threatening to the mother and
the fetus if it is not properly managed, but it usually
ends when the baby and placenta are delivered.2

The causes of pre-eclampsia are not well under-
stood. A paradoxical preventive effect when the
mother smokes has been established, even though the
mechanism is unknown.3 4 Maternal and fetal genes,
including paternal genes expressed in the fetus,
probably also play a part.1 5 A high risk of recurrence of
pre-eclampsia in subsequent pregnancies supports the
role of an inherited susceptibility in the maternal
genes. In a previous study in Norwegian women we
reported a 12-fold increase in the risk of pre-eclampsia
in a second pregnancy when the woman had had pre-
eclampsia in the first pregnancy.6 A strong association
of risks between sisters (odds ratio 2.2) and an
increased occurrence of pre-eclampsia in daughters of
mothers who had pre-eclampsia are further evidence
of maternal genes for susceptibility.6 7

Paternal genes transmitted to the fetus also seem to
be involved in pre-eclampsia. Our earlier study found
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1. Les	données

2. Réflexions	pour	le	suivi

3. La	poule	ou	l’œuf	?



Comment	prévenir	des	

évènements	qui	en	moyenne	sont	

détectés	15	à	20	ans	après	?



• Information lors	de	la	consultation	PP

• Mesure	(/5	ans	?)	des	facteurs	de	risque	

traditionnels

• Conseil	sur	le	mode	de	vie:	activité	physique,	

IMC	<	25,	ne	pas	fumer

• Prévention	de	l’hypertension	artérielle:

• Manger	fruits	et	légumes

• Se	méfier	du	sel



Martillotti et al  Salt Sensitivity of BP in Preeclampsia  805

In controls, no significant salt-induced change in daytime 
systolic and diastolic ABP was observed (111 [104–119]/77 
[72–82] mm Hg on LS, 111 [106–116]/75 [72–79] mm Hg 
on HS diet; NS), whereas a significant increase was found 
in women with a history of preeclampsia (from 115 [109–
118]/79 [76–82] mm Hg on LS to 123 [116–130]/80 [76–84] 
mm Hg on HS diet; P<0.05 versus LS versus controls), sug-
gesting that preeclampsia women are salt sensitive. Office BP 
measurements changed in a similar direction as ABP monitor-
ing. The same pattern was observed with nighttime BPs, with 
a stable nocturnal ABP in controls (92 [87–97]/63 [59–67] 
mm Hg on LS and 94 [87–102]/63 [60–66] mm Hg on HS diet; 
NS). In contrast, the nocturnal ABP increased significantly 
from a low- to a high-salt diet in women with preeclampsia 
from 98 (93–102)/60 (53–67) mm Hg on LS to 108 (102–116) 
/67 (64–71) mm Hg on HS diet (P<0.01 versus LS versus 
controls). When women of African descent were excluded of 
the analysis, the results remained significant both during day-
time (from 114 [108–120]/79 [76–83] to 122 [115–128]/79 
[76–83]; P<0.05) and nighttime (99 [93–102]/60 [61–67] to 
108 [101–115]/67 [64–71]; P<0.05). The sodium sensitivity 
index was 51.2 (19.1–66.2) in women with preeclampsia and 
6.6 (5.8–18.1) mm Hg/mol per day in controls (P=0.015).

The Figure shows the pressure–natriuresis relationship that 
is steep in controls and shifted to the right in women with a 
history of preeclampsia confirming the salt-sensitive pattern.24

The nocturnal fall of mean ABP (MAPNF) in the control 
group was not affected by the sodium intake (21 [14–28]% 
on LS and 20 [12–28]% on HS; NS). In women with a history 
of preeclampsia, the fall in mean ABP at night was reduced 
and modulated by the level of sodium intake, respectively, 16 
(13–19)% on LS and 12 (7–17)% on HS (P<0.05 HS versus 
LS and P<0.01 between the 2 groups). Similarly, the nocturnal 
fall in systolic BP was lower in cases than in controls and was 
affected by salt intake, whereas the nighttime changes in dia-
stolic BP were similar in cases and controls (Table 3).

Discussion
The main finding of this study is that women with a history of 
severe preeclampsia are salt sensitive before the development 
of the menopause, when compared with women normotensive 
during pregnancy. The nocturnal fall in BP in women with pre-
eclampsia is blunted and significantly modified by salt intake, 
a high-salt diet almost abolishing the fall in BP at night. These 
findings shed light on possible mechanisms whereby a history 
of preeclampsia increases the risk of renal and cardiovascular 
complications later in women’s life.

The health risks associated with high-salt diet are well rec-
ognized.25 Indeed, a high salt intake causes a gradual increase 
in BP thereby increasing the risk of cardiovascular and renal 
diseases.26,27 For these reasons, the World Health Organization 
recommends to lower salt intake to <5 g/d in the population, and 
most international hypertension guidelines propose a reduction 
of sodium intake as an effective mean to lower BP in hyper-
tensive patients.28 These recommendations have been done, 
despite the observation that the BP response to salt is highly 
variable among individuals and that some subjects or patients 
will benefit from a reduction in salt intake, whereas others 
will not.29,30 Thus, according to the salt-sensitivity concept, 
each individual might have a personal index of salt sensitivity. 
However, the individual salt sensitivity of BP may change over 
time as renal function decreases or as the hormonal profile is 
changing.13,31 For example, in women, BP has been shown to 
become salt sensitive after the menopause, even though these 
women remain normotensive.16,19 Nevertheless, the change in 
salt sensitivity that occurs in these apparently healthy women 
may increase their risk of developing hypertension with time 
and hence cardiovascular and renal target organ damages. 
Animal and human studies have indeed demonstrated that a 
sustained high salt intake can favor the development of cardiac 
hypertrophy independently of the presence of hypertension.32,33

In the present study, we show that patients with a history 
of severe preeclampsia are salt sensitive when investigated 10 
years after their pregnancy, an observation that is not made in 
age-matched controls. This finding suggests that preeclampsia 
has modified the pattern of response to salt in these women. 
In contrast to many previous studies investigating the salt 
sensitivity of BP, we have used repeated 24-hour ambulatory 
monitoring to assess BP. This allows to rule out any white coat 
or placebo effect and to obtain more information on daytime 
and nighttime responses to salt. It also enabled us to verify 
the hypothesis of Castiglioni et al23 who proposed to perform 
a single 24-hour ABP monitoring on a usual diet to predict 
an individual’s salt sensitivity based on the nocturnal dipping 
and heart rate. Our findings are actually in concordance with 
this model of prediction and could be validated by the gold 
standard protocol that we applied, alternating in a randomized 
fashion both type of sodium diets.

Interestingly, both cases and controls had systolic and dia-
stolic BP within the normotensive range. Yet, compared with 
women with a history of a normal pregnancy, women with 
a history of severe preeclampsia demonstrated a significant 
rise in 24-hour ABP on a HS diet and a rightward shift of 
the pressure/natriuresis relationship indicating salt sensitiv-
ity. This clearly indicates that women with a history of severe 

Figure. Pressure–natriuresis relationship in non-menopausal women 
with a history of severe preeclampsia, and in age, race, parity-
matched normal controls with no history of pregnancy-related 
hypertensive complications. All women received randomly a low-
sodium diet (40 mmol Na/d) and a high-sodium diet (250 mmol Na/d) 
for 1 week. Blood pressure was measured during 24 hours using 
ambulatory blood pressure monitoring. PE indicates preeclampsia.
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consistent in our sensitivity analyses. In contrast, our findings 
that preconception past-year binge drinking was associated 
with increased risk of preterm preeclampsia were consistently 
observed in all subsequent sensitivity analyses. We did not, 
however, observe a dose–response effect related to past-year 
binge drinking frequency. We speculate that there may have 
been reluctance to report the frequency of binge drinking in 
the current study or that binge drinking is a marker for other 
risk factors not measured.

The protective association of physical activity with pre-
term preeclampsia may reflect several protective underlying 
mechanisms beyond weight management, such as reduced 
inflammation and oxidative stress and improved endothelial 
function and placental growth and vascular development.36 
The preponderance of evidence suggests physical activity is 
protective of preeclampsia with a few notable exceptions.37

Our lipid results indicate that nonfasting lipid levels are 
useful in predicting preeclampsia and gestational hypertension 
and note that nonfasting lipid levels have been successfully 
used in cardiovascular research.38,39 In the previous prospec-
tive study in Norway, which forms a subset of our current 
study, cholesterol, low-density lipoprotein cholesterol and 
nonHDL cholesterol were positively related to preeclampsia 
but trends associated with serum triglyceride quintiles were 
nonsignificant.21 In Finland, triglycerides were associated with 
increased risk of preeclampsia but not cholesterol, low-density 
lipoprotein cholesterol, or HDL cholesterol.20 Our lipid results 
corroborate the preponderance of existing evidence that ele-
vated triglyceride levels is a risk factor for preeclampsia40 and 
identified that a high total cholesterol/HDL cholesterol ratio 

was a shared risk factor for gestational hypertension and pre-
eclampsia. Nonfasting triglyceride levels reflect exposures to 
atherogenic remnant lipoproteins39 and elevated triglyceride 
levels associate with small, dense low-density lipoprotein 
cholesterol,41,42 which is readily oxidized. Of relevance to pre-
eclampsia is that oxidized low-density lipoprotein inhibits the 
fetal trophoblast invasion of the uterus.43 Thus, further inves-
tigation of the role of derangements in lipid metabolism in 
preeclampsia is warranted.

Obesity was an important risk factor for gestational hyper-
tension and preeclampsia as expected. However, our postesti-
mation test for equality in coefficients identified that obesity 
was a significantly stronger predictor of gestational hyperten-
sion than preeclampsia, highlighting that for preeclampsia, 
there are other factors that increase risk.

Strengths and Weaknesses
Strengths of the current study include the large population-
based cohort with uniformly assessed preconception risk 
factors and complete linkage to the Medical Birth Registry: 
strengths which contribute to the generalizability of the study. 
Further, the national healthcare system in Norway and our 
multivariate adjustment for educational and marital status 
and region are strengths of the study in that they minimize 
the possibility for disparities in the adequacy of prenatal care 
to influence results. Also, self-reported alcohol consump-
tion data were obtained before pregnancy and would, there-
fore, not be influenced by under-reporting associated with 
the stigma of drinking during pregnancy. However, we rec-
ognize that under-reporting of alcohol consumption is also 

Table 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Gestational Hypertension and Preeclampsia 
by Family History of Disease and Prepregnancy Diabetes Mellitus: Cohort Norway and Medical Birth Registry of 
Norway (N=13  217)*

N

G. Hypertension† (n=237) Preeclampsia‡ (n=429)

Cases OR (95% CI)§ Cases OR(95% CI)§

Family history in first-degree relatives

  Diabetes mellitus

   No 12 386 209 1.0 389 1.0

   Yes 831 28 2.1 (1.39–3.09) 40 1.6 (1.12–2.25)

  Cerebrovascular stroke

   No 12 666 223 1.0 404 1.0

   Yes 551 14 1.5 (0.85–2.55) 25 1.5 (0.95–2.24)

  Myocardial infarction before 60 y

   No 12 099 216 1.0 370 1.0

   Yes 1118 21 1.1 (0.69–1.70) 59 1.8 (1.31–2.39)║

  Women’s prepregnancy diabetes mellitus¶

   No 13 138 233 1.0 422 1.0

   Yes 79 4 3.2 (1.14–8.68) 7 3.1 (1.43–6.49)

*A total of 8321 women with an average of 1.59 births per woman.
†Gestational hypertension without proteinuria.
‡Gestational hypertension with proteinuria.
§Multinomial logistic regression model in which mother was entered as a cluster variable.
║P<0.10, postestimation test for differences in coefficients between gestational hypertension and preeclampsia.
¶Identified in the Norwegian Medical Birth Registry (type 1, type 2, or unspecified) and identified in the Cohort Norway baseline assessment.
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Table 3. Preconception Risk Factors for Gestational Hypertension and Preeclampsia: Cohort Norway and Medical Birth Registry of 
Norway (N=13 217)*

N

G. Hypertension† (n=237) Preeclampsia‡ (n=429) Preterm Preeclampsia§ (n=114) Term Preeclampsia║ (n=315)

Cases OR (95% CI)¶ Cases OR (95% CI)¶ Cases OR (95% CI)¶ Cases OR (95% CI)¶

Physical activity (past year)

  Not active 5425 92 1.0 190 1.0 62 1.0 128 1.0

  Active (≥3 h/wk) 6869 131 1.1 (0.8–1.40) 209 0.8 (0.61–0.97) 45 0.5 (0.32–0.76)# 164 0.9 (0.70–1.19)

BMI classifications, kg/m2

  <25 9266 120 1.0 248 1.0 71 1.0 177 1.0

  25–29.9 3037 69 1.8 (1.31–2.56) 127 1.7 (1.32–2.18) 25 1.2 (0.69–1.92) 102 1.9 (1.46–2.52)

  ≥30 869 46 4.2 (2.86–6.21) 50 2.0 (1.35–3.02)** 16 2.2 (1.13–4.09) 34 2.0 (1.21–3.14)

Education

  ≤12 y 6019 105 1.0 189 1.0 51 1.0 138 1.0

  13–16 y 3882 56 0.7 (0.47–0.99) 128 0.9 (0.66–1.14) 30 0.7 (0.43–1.24) 98 0.9 (0.68–1.24)

  ≥17 y 3149 72 0.9 (0.66–1.42) 102 0.8 (0.56–1.09) 29 0.8 (0.45–1.39) 73 0.8 (0.53–1.14)

Smoking daily

  No 9194 173 1.0 305 1.0 80 1.0 225 1.0

  Yes 3415 50 0.8 (0.56–1.08) 95 0.8 (0.56–1.08) 29 0.8 (0.46–1.27) 66 0.8 (0.58–1.02)

Marital status

  Single, divorced 10 348 181 1.0 352 1.0 88 1.0 264 1.0

  Married 2799 56 1.3 (0.90–1.95) 74 1.0 (0.70–1.32) 24 1.0 (0.59–1.68) 50 1.0 (0.67–1.38)

Region

  Other 10 023 148 1.0 311 1.0 78 1.0 233 1.0

  Oslo 3194 89 1.9 (1.38–2.67) 118 1.1 (0.80–1.38) 36 1.3 (0.81 – 2.13) 82 1.0 (0.70 – 1.33)

Blood pressure status††

  Normotensive 10 977 140 1.0 287 1.0 78 1.0 209 1.0

  Elevated 1577 50 2.7 (1.90–3.90) 87 2.1 (1.57–2.87) 19 1.6 (0.91–2.93) 68 2.3 (1.66–3.23)

  Hypertensive 615 46 7.1 (4.84–10.44) 54 3.5 (2.48–4.97)# 17 3.8 (2.04–7.08) 37 3.4 (2.32–5.01)#

Triglyceride**

  <1.7 mmol/L 9014 172 1.0 263 1.0 72 1.0 191 1.0

  ≥1.7 mmol/L 1388 33 1.3 (0.84–2.03) 86 2.4 (1.71–3.30) 22 2.3 (1.29–4.07) 64 2.4 (1.65–3.52)

Chol/HDL ratio**

  <5.0 12 417 214 1.0 382 1.0 97 1.0 285 1.0

  ≥5.0 769 23 1.9 (1.11–3.10) 44 1.8 (1.17–2.84) 15 2.4 (1.24–4.65) 29 1.6 (0.94–2.85)

Oral contraceptive use

  No 7610 137 1.0 250 1.0 63 1.0 187 1.0

  Yes 4061 73 1.1 (0.77–1.45) 136 1.0 (0.75–1.26) 35 1.1 (0.71–1.81) 101 0.9 (0.69 – 1.25)

Alcohol frequency

  Less than monthly 3306 59 1.0 110 1.0 27 1.0 83 1.0

  Occasional 6800 120 1.0 (0.68–1.36) 230 0.9 (0.70–1.17) 67 1.2 (0.73–1.90) 163 0.8 (0.61–1.10)

  Weekly 2880 55 0.9 (0.48–1.39) 85 0.7 (0.48–0.95) 18 0.7 (0.32–1.36) 67 0.7 (0.47–0.99)

BMI indicates body mass index; CI, confidence interval; Chol, cholesterol; and HDL, high-density-lipoprotein.
*A total of 8321 women with an average of 1.59 births per woman.
†Gestational hypertension without proteinuria.
‡Gestational hypertension with proteinuria.
§Delivery <37-wk gestation or when missing gestational age (n=287), with a birth weight <2500 g.
║Delivery 37-wk gestation or later or when missing gestational age (n=287), with birth weight ≥2500 g.
¶Multinomial logistic regression model included covariates: baseline age (years), daily smoking (yes vs no), parity (0, 1, ≥2), pregravid diabetes mellitus, pre-CONOR history of gestational 

hypertension or preeclampsia, marital status (married/common law partner vs other), region of survey (Oslo vs other), education (≤12, 13–16, ≥17 y), and time between CONOR and delivery 
(months); mother was entered as a cluster variable.

#P<0.05, postestimation test for differences in coefficients between the designated category and gestational hypertension.
**Also adjusted for oral contraceptive use.
††Baseline blood pressure status was categorized as normal (systolic BP <130 mm Hg and diastolic BP <85 mm Hg), elevated (systolic BP 130–139 mm Hg or diastolic BP 85–89 mm Hg), 

or hypertensive (systolic BP ≥140 or diastolic BP ≥90 mm Hg).
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possible in nonpregnant study populations. Limitations of 
the study include the lack of information of fasting glucose 
or HbA1C, apolipoproteins, urine samples, and family history 
of hypertension. Other limitations include the largely ethnic 
Norwegian study population and inability to generalize to 
more ethnically diverse populations. Further, changes in risk 
factors over time could not be assessed. In our study, smok-
ing had a nonsignificant association with a lower risk of pre-
eclampsia in multivariable analyses, with the observed OR of 
0.8 being greater than the anticipated OR of 0.5.44 However, 
because of the sharp decline in smoking in women in Norway 
over the past decade, the attenuated smoking association may 
result from misclassification, where smokers identified in 
CONOR would be less likely to be smokers at the time of 
their subsequent pregnancy.

Perspectives
The study suggests similarities and some potentially important 
differences between risk factors for gestational hypertension 
and preeclampsia and between preterm and term preeclamp-
sia. The results are intriguing given the lifetime increased risk 
of cardiovascular morbidity and mortality observed in women 
with a history of preeclampsia.4–8 Further, although the major-
ity of prospective studies of long-term consequences have 
focused on preeclampsia, an 18-year follow-up of mothers 
found that women with a history of gestational hypertension 

had similar predicted 10-year cardiovascular disease risk 
based on the Framingham score as women with a history of 
preeclampsia.45 Our findings support the hypotheses that preg-
nancy unmasks predisposing familial and modifiable cardio-
metabolic risk. However, in the current study, a greater number 
of risk factors predicted preeclampsia than gestational hyper-
tension. The presence of risk factors in women of reproductive 
age could help clinicians identify women needing greater clin-
ical monitoring and lifestyle changes. Promoting better life-
styles in women of reproductive age would be advantageous 
for preventing the short- and long-term outcomes associated 
with hypertension disorders of pregnancy.
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Table 4. Subcohort Preconception Past-Year Alcohol Consumption Frequency and Binge Drinking in Gestational Hypertension and 
Preeclampsia: CONOR and Medical Birth Registry of Norway (N=6488)*

N

G. Hypertension† (n=133) Preeclampsia‡ (n=211) Preterm Preeclampsia§ (n=56) Term Preeclampsia║ (n=155)

Cases OR (95% CI)¶ Cases OR (95% CI)¶ Cases OR (95% CI)¶ Cases OR (95% CI)¶

Alcohol Frequency

  Less than monthly 1748 36 1.0 53 1.0 15 1.0 38 1.0

  Occasional 2871 60 0.9 (0.51–1.57) 106 0.8 (0.55–1.28) 31 0.9 (0.32–2.27) 75 0.8 (0.53–1.30)

  Weekly 1869 37 0.8 (0.40–1.42) 52 0.5 (0.27–0.78) 10 0.3 (0.09–0.92) 42 0.5 (0.30–0.96)

Binge drinking#

  None 1297 27 1.0 28 1.0 5 1.0 23 1.0

  Yes 4125 87 1.0 (0.60–1.78) 152 1.8 (1.16–2.92) 41 3.7 (1.25–10.78)** 111 1.5 (0.89–2.45)

  Nonresponders 1066 19 0.7 (0.32–1.32) 31 1.5 (0.86–2.71) 10 2.8 (0.78–10.06) 21 1.2 (0.63–2.37)

Binge drinking frequency††

  None 1297 27 1.0 28 1.0 5 1.0 23 1.0

  1–5 times past year 1173 27 0.9 (0.45–1.64) 45 1.8 (1.06–3.12) 14 3.7 (1.09–12.36)** 31 1.5 (0.83–2.71)

  ≥6 times past year 2952 60 1.2 (0.65–2.12) 107 1.8 (1.09–2.94) 27 3.7 (1.22–11.02) 80 1.5 (0.85–2.53)

*A total of 4349 women with an average of 1.49 births per woman.
†Gestational hypertension without proteinuria.
‡Gestational hypertension with proteinuria.
§Occurring <37-wk gestation or when missing gestational age when birth weight was <2500.
║Occurring 37-wk gestation or later or when missing gestational age when birth weight was ≥2500 g.
¶Multinomial logistic regression model included covariates: baseline age, daily smoking, parity (0, 1, ≥2), pregravid diabetes mellitus, and a pre-CONOR history of 

gestational hypertension or preeclampsia, marital status (married/common law partner vs other), region of survey (Oslo vs other), education (≤12, 13–16, ≥17 y), and 
time between CONOR and delivery (months); mother’s ID was entered as a cluster variable. For the subcohort analyses, alcohol frequency was also adjusted for binge 
drinking, and binge drinking was adjusted for alcohol frequency.

#Reporting ≥5 drinks/d at least once in past year, those reporting past year alcohol consumption, but missing binge drinking response were coded as nonresponders. 
Participants of surveys which did not include binge drinking assessment were excluded from analyses.

**P<0.05, postestimation test for differences in coefficients between designated category and gestational hypertension.
††Model replaced binge drinking with frequency of binge drinking; otherwise, all covariates listed above were included in model.
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Fig. 1. Effects of chronic gestational exposure to ethanol on placental morphology. Image analysis was used to measure (A) placental and (B) mesometrial triangle
thickness in control and ethanol-exposed dams. Graphs depict the mean ! SEM of measurements and inter-group comparisons were made using Student T-tests.
Significant P-values are indicated over the graphs. (CeH) Paraffin-embedded histological sections of placenta (N ¼ 2 per litter) from 3 control (C, E, G) and 3
ethanol-exposed (D, F, H) dams were stained with H&E and examined by light microscopy. (C, D) Low magnification images show effects of ethanol on placental
thickness (arrows delineate the labyrinthine and junctional zones, original magnification #40). (EeH) Higher magnification images illustrate trophoblast giant
cells at the maternal-fetal interface (arrows in E and F; original magnification #200) and spiral maternal arteries in the mesometrial triangle (G, H; original mag-
nification #400).

152 F. Gundogan et al. / Placenta 29 (2008) 148e157
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Fig. 1. Effects of chronic gestational exposure to ethanol on placental morphology. Image analysis was used to measure (A) placental and (B) mesometrial triangle
thickness in control and ethanol-exposed dams. Graphs depict the mean ! SEM of measurements and inter-group comparisons were made using Student T-tests.
Significant P-values are indicated over the graphs. (CeH) Paraffin-embedded histological sections of placenta (N ¼ 2 per litter) from 3 control (C, E, G) and 3
ethanol-exposed (D, F, H) dams were stained with H&E and examined by light microscopy. (C, D) Low magnification images show effects of ethanol on placental
thickness (arrows delineate the labyrinthine and junctional zones, original magnification #40). (EeH) Higher magnification images illustrate trophoblast giant
cells at the maternal-fetal interface (arrows in E and F; original magnification #200) and spiral maternal arteries in the mesometrial triangle (G, H; original mag-
nification #400).
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antiangiogenic actions of sFlt1, as seen by a larger reduction in the
number of capillary-like structures in the presence of both proteins
(Fig. 3a). This suggests that sEng and sFlt1 block the proangio-
genic effects of TGF-b1 and VEGF, respectively, present in Matrigel.

Capillary permeability is increased in pre-
eclampsia23, and preeclamptic individuals are
more prone to develop peripheral and pul-
monary edema. Therefore, we tested the role
of sEng and sFlt1 in microvascular perme-
ability using the Evans blue assay in BALB/c
mice pretreated with adenovirus expressing
sFlt1, sEng, sFlt1+sEng or mouse Fc protein
as a negative control. Capillary permeability
was increased by sEng and sFlt1 in the lungs,
liver and kidneys (Fig. 3b). Notably, the
combination of sEng and sFlt1 showed an
additive effect in the liver, indicating that
these soluble receptors may act in concert to
disrupt endothelial integrity and induce con-
siderable vascular damage and leak.

In vivo effects of sEng and sFlt1
To induce the clinical features of preeclamp-
sia in pregnant rats, we used adenoviral
expression of sEng and sFlt1, alone or in
combination. At 17–18 d of pregnancy,
hemodynamic and biochemical data indi-
cated that sEng induced a significant change
in mean arterial pressure (MAP), albeit lower

than that observed with sFlt1 (Table 1). Proteinuria was modest in
sEng-treated rats, but severe in the sFlt1-treated group. The
sFlt1+sEng group showed nephrotic-range proteinuria, severe hyper-
tension and biochemical evidence of HELLP syndrome (elevated
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Figure 2 Increased sEng levels in sera from individuals with preeclampsia. (a) Representative western
blot and graph of Eng immunoprecipitates showing higher level of a soluble 65kDa fragment (sEng) in
sera of preeclamptic women (at 28, 33 and 32.2 weeks) compared to normal pregnant women (at 34.1,
28.2 and 39.4 weeks; **P o 0.01) and nonpregnant women (wwP o 0.01; n ¼ 3/group). sEng levels in
normal pregnant women were higher than in nonpregnant individuals (##P o 0.01). HUVEC (H) extracts
and recombinant human sEng served as positive controls (90 kDa and 75 kDa, respectively). Individuals
matched for gestational ages were randomly chosen from normal (term and pre-term) and preeclampsia
(severe and HELLP) groups described in Supplementary Table 1. (b) sEng was purified from the serum of
preeclamptic individuals. Fractions 4 and 5 eluted from the 44G4-IgG (Eng-specific) Sepharose, were
run on SDS-PAGE under reducing conditions and tested by western blot using a polyclonal antibody to Eng. The eluted fractions were subjected to mass
spectrometry analysis (three runs), and the peptides identified are in boldface and underlined in the sequence of human Eng. The underlined amino acids
562–586 represent the transmembrane domain of human cell-surface Eng. Sera from ten random individuals with preeclampsia (severe and HELLP) in
Supplementary Table 1 were pooled. (c) ELISA results for sEng and sFlt1 in sera of individuals with varying degrees of preeclampsia, control pregnancies
and four nonpregnant healthy volunteers. *P o 0.05 compared to preterm controls, #P o 0.05 compared to severe preeclampsia. All individuals described
in Supplementary Table 1 were analyzed. (d) ELISA results for sEng in a subset of pregnant individuals (normal, n ¼ 6; preeclampsia, n ¼ 11) described in
c with blood drawn before (0–12 h) or after (48 h) delivery. *P o 0.05 as compared to T ¼ 0 samples. All individuals described in Supplementary Table 1
from whom we were able to obtain a serum specimen 48 h after delivery were analyzed.
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Figure 3 sEng inhibits capillary formation and increases vascular permeability. (a) Angiogenesis assays
were done using human umbilical vein endothelial cells (HUVECs) in growth factor–reduced Matrigel
and performed in the presence of 1 mg of recombinant sEng, sFlt1 or both, and endothelial tube
lengths quantified. A representative experiment (n ¼ 4) is shown, with average tube lengths (in pixels)
indicated below the panels. Tube length results were quantified, showing a 62.2% ± 3.9, 62% ± 4.1
and 39.7% ± 4.2 reduction in sEng, sFlt1 and sFlt1+sEng, respectively (P o 0.01 versus controls).
(b) Microvascular permeability assessed by Evans blue leakage in mice injected with adenovirus
containing Fc (Control), sEng, sFlt1 or sFlt1+sEng. Leakage of Evans blue was quantified in the various
organs. Data represent a mean of four independent experiments. *P o 0.05 compared to controls,
#P o 0.05 compared to sFlt1 alone.
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population, which is generally considered to have ade-
quate iodine intake. A total of 92 936 adults were eligi-
ble for the study, and 66 140 (71.2%) participated. The
study has been described in detail elsewhere.22 23 A
non-fasting venous blood sample was requested from
each participant. Thyroid stimulating hormone con-
centrations were determined in samples of the study
population and included all women older than
40 years and a 5% random sample of women aged
20-40.

Linkage to medical birth registry of Norway
The unique 11 digit identification number of every
Norwegian citizen enabled linkage of parous women
to information in themedical birth registry of Norway.
This nationwide registry has recorded data on all births
in Norway since 1967.We therefore restricted the ana-
lysis to women who had had their first birth registered
during the period from 1967 until participation in the
Nord-Trondelag Health Study. Among women with a
measurement for thyroid stimulating hormone con-
centration, 7933 had had their first birth in 1967 or
later.We excludedwomenwith known thyroid disease
(n=695), twin or triplet first pregnancies (n=74), preg-
nancy at the time thyroid stimulatinghormone concen-
tration was determined (n=33), and women without
information on smoking habits (n=10), leaving 7121
women for analysis. Thyroid peroxidase antibodies
were also measured in women with a thyroid stimulat-
ing hormone concentration greater than 4 mIU/l.
Criteria for pre-eclampsia used by the reporting

midwives and obstetricians have been in accordance
with the 1972 recommendations of the American Col-
lege of Obstetrics and Gynecologists.24 These criteria
include increased blood pressure after 20weeks’ gesta-
tion (≥140/90 mmHg, or an increase in systolic blood
pressure of ≥30 mm Hg or in diastolic blood pressure
of ≥15 mm Hg), from measurements made before
20 weeks’ gestation, and proteinuria (≥0.3 g in a 24
hour urine specimen or a urine dipstick result of ≥+).

Procedures
Serum concentrations of thyroid stimulating hormone
weremeasured at theHormoneLaboratory,AkerUni-
versity Hospital, Oslo, using DELFIA hTSH Ultra
(Wallac Oy, Turku, Finland). The coefficient of varia-
tion was less than 5%. The clinical reference range for
thyroid stimulating hormone in this population was
defined as 0.50-3.50mIU/l.25 Thyroid peroxidase anti-
bodies were also measured in people with concentra-
tions of thyroid stimulating hormone greater than 4
mIU/l (BRAHMS Diagnostica, Berlin, Germany).
Those with levels greater than 200 IU/ml were consid-
ered to have tested positive for thyroidperoxidase anti-
bodies.

Statistical analysis
We used multiple logistic regression analysis to deter-
mine odds ratios and 95% confidence intervals. All
analyses were adjusted for age and smoking status (cur-
rent, former, or never).

Results
Analyses were carried out among 7121 women with
thyroid stimulating hormone measurements who had
delivered their first child duringor after 1967,when the
medical birth registry of Norway was established
(table 3). Among women who had experienced pre-
eclampsia in their first pregnancy the probability of
having serum thyroid stimulating hormone concentra-
tions greater than the clinical reference range (>3.5
mIU/l) was higher than for women who did not

Quarters

No of specimen pairs

Normotensive controls
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36 35 35 35

-2

-1

0

1

2

3

P for trend <0.001

No of specimen pairs

Cases with pre-eclampsia
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34 36 35 34
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-1
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3

P for trend=0.002

Comparisons of differences in thyroid stimulating hormone (TSH)
concentration between predelivery and baseline specimens
across quarters of predelivery soluble fms-like tyrosine kinase 1
concentrations in normotensive controls and cases with pre-
eclampsia. |Soluble fms-like tyrosine kinase 1 concentrations
in normotensive controls were 1710-5620 pg/ml in the first
quarter, 5620-7554 pg/ml in the second quarter, 7554-
10789 pg/ml in the third quarter, and 10789-34907 pg/ml in
the fourth quarter. Differences in the arithmetic mean thyroid
stimulating hormone concentrations (mIU/l) for the first to
fourth quarters were, respectively, 0.01, 0.66 (P=0.006), 0.52
(P=0.03), and 0.92 (P<0.001), with P values indicated for
comparisons with the first quarter. Soluble fms-like tyrosine
kinase 1 concentrations in the cases with pre-eclampsia were
6620-13772 pg/ml in the first quarter, 13772-21282 pg/ml
in the second quarter, 21282-30740 pg/ml in the third
quarter, and 30740-82739 pg/ml in the fourth quarter.
Differences in the arithmetic mean thyroid stimulating
hormone concentrations (mIU/l) for the first to fourth quarters
were, respectively, 0.51, 0.94, 1.41 (P=0.003), and 1.33
(P=0.006), with significant P values indicated for comparisons
with the first quarter
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Conclusions

Le risque cardiovasculaire des patientes pré-eclamptiques est augmenté

Il l’est parfois avant la grossesse

Il est peut-être augmenté durablement par la préeclampsie

Il faut en tenir compte en pratique: les premiers évènements surviennent

dès 15 ans après une PE

Prévention primaire ? Est-ce de la prévention secondaire..?


