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OBJECTIVE: Women with a history of preeclampsia are at increased
lifetime risk for cardiovascular disease. Their offspring may carry
similar risks. The aim was to study cardiovascular and metabolic risk
factors 11 years after the delivery among women who were diagnosed
with mild, moderate, or severe preeclampsia, and their offspring,
compared with women without preeclampsia and their offspring.

STUDY DESIGN: In a follow-up 11 years after a nested case-control
study at birth, we studied 611 mother-offspring dyads, including
228 dyads with preeclampsia in the index pregnancy and 383 dyads
without preeclampsia. Cardiovascular and metabolic risk profiles
were assessed by serum lipids (total cholesterol, high-density lipo-
protein [HDL] cholesterol, non-HDL cholesterol), insulin-related factors
(glucose, insulin, and homeostasis assessment model for insulin
resistance) and blood pressure in mothers and children.

RESULTS: Among mothers with mild or moderate preeclampsia,
levels of glucose, insulin, and homeostasis assessment model

for insulin resistance were higher than in the nonpreeclampsia
group and also higher compared with mothers with severe pre-
eclampsia (all P < .05). HDL cholesterol was lower in mothers
with mild or moderate preeclampsia (all P < .05), but other lipids
did not substantially differ between the groups. Body mass index
and blood pressure (systolic and diastolic) were also higher in the
mild and moderate preeclampsia group compared with mothers
without preeclampsia (all P < .05). Among the offspring, we
found no clear differences in any blood analytes between the
groups.

CONCLUSION: Women with a previous diagnosis of mild or moderate,
but not severe, preeclampsia may have an adverse metabolic and
cardiovascular risk profile 11 years after the delivery.
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P reeclampsia is characterized by
hypertension and proteinuria in

pregnancy and is diagnosed in about
3-4% of all pregnancies. It is a leading
cause ofmaternal and perinatalmorbidity,

and the most severe form (eclampsia) is
associated with maternal morbidity
worldwide.1-3 There is a growing body of
evidence that preeclampsia may increase
the risk of cardiovascular disease later in
life, but the underlying mechanisms are
not known. A metaanalysis of 3.5 million
women showed that having a history
of preeclampsia is associated with an
increased lifetime risk of hypertension,
ischemic heart disease, stroke, and venous
thromboembolism and that total mortal-
ity may be higher in womenwith a history
of preeclampsia.4

Preeclampsia is a disease of unknown
etiology that may develop through
different pathways, as indicated by varying
phenotypes that are classified as early
or late at gestational age of onset and by
the clinical severity of preeclampsia.5,6

Indeed, the diverse phenotypic expressions
of preeclampsia may be differentially
associated with later cardiovascular risk,

both among mothers and offspring. For
example, increasing severity of hyperten-
sive disorders in pregnancy may be related
to increased risk of future cardiovascular
events.7,8 Therefore, it is conceivable
that mothers with a history of mild, mod-
erate, or severe preeclampsia may exhibit
different cardiovascular risk factor profiles9

and that similar corresponding patterns
may be present among their offspring.

In a follow-up study of mothers and
children 11 years after the delivery, we
examined cardiovascular and metabolic
factors in 2 groups: (1) the mothers who
developed preeclampsia were compared
with mothers without preeclampsia
in the index pregnancy, and (2) their
offspring were compared according to
maternal preeclampsia status. The main
aim was to examine whether the pre-
eclampsia dyads had an adverse cardio-
vascular risk profile compared with the
dyads without preeclampsia.

From the Departments of Obstetrics and
Gynecology (Drs Alsnes and Økland) and
Research (Dr Vatten), Stavanger University
Hospital, Stavanger, and Department of Public
Health, Faculty of Medicine, Norwegian
University of Science and Technology,
Trondheim (Drs Janszky and Vatten), Norway,
and Department of Nutritional Sciences,
University of Texas at Austin, Austin, TX
(Dr Forman).

Received Feb. 6, 2014; revised April 23, 2014;
accepted June 11, 2014.

The authors report no conflict of interest.

Corresponding author: Ingvild V. Alsnes, MD.
ingvild.vatten.alsnes@sus.no

0002-9378/$36.00
ª 2014 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ajog.2014.06.026

DECEMBER 2014 American Journal of Obstetrics & Gynecology 657.e1

Research ajog.org

mailto:ingvild.vatten.alsnes@sus.no
http://dx.doi.org/10.1016/j.ajog.2014.06.026
http://ajog.org
http://ajog.org


A second aim was to assess whether
the risk profile may differ between
mothers with mild, moderate, or severe
preeclampsia and between the corre-
sponding offspring. From the same
cohort, Ogland et al10-12 have previously
studied body mass index (BMI), waist
and hip circumference, blood pressure,
and clinical signs of puberty in the
offspring.

MATERIALS AND METHODS

Study population
Mothers and offspring who participated
in a population-based, nested, case-
control study of births over a 3-year
period (1993-1995) at Stavanger Uni-
versity Hospital (Stavanger, Norway)
were followed up when the offspring
were 10-11 years old. At baseline (birth),
mothers and offspring of this study
were identified using 3 separate pro-
cedures. First, all women who delivered
at Stavanger University Hospital who
were registered with preeclampsia in
the Medical Birth Registry of Norway
were identified as potential cases. Sec-
ond, these potential cases were identified
from the midwives records at the de-
livery station. Third, all pregnancies with
proteinuria and hypertension registered
in the computerized hospital database
were identified.

Through these 3 procedures, approx-
imately 1300 women were identified as
having potential cases of preeclampsia.
The hospital record for each case was
subsequently reviewed, and mothers
(and offspring) who fulfilled the strict
diagnostic criteria of preeclampsia as
described in the Collaborative Low-dose
Aspirin Study in Pregnancy (CLASP)13

were selected as cases. Among a total
of 12,804 consecutive singleton deliv-
eries, 307 women who were diagnosed
with preeclampsia and another 619
women without preeclampsia who were
matched by maternal age or by delivery
date participated as cases and controls
in the birth study.10,14-18

The preeclampsia cases were catego-
rized as clinically mild, moderate, or se-
vere according to the criteria in the
CLASP.13 Thus, after 20 weeks of gesta-
tion, persistent diastolic blood pressure of
at least 90 mm Hg had to develop
in addition to an increase in diastolic
blood pressure of at least 25mmHg.Cases
with a baseline diastolic blood pressure of
90 mm Hg or higher were included if
diastolic blood pressure had increased by
at least 15 mm Hg. Proteinuria was
defined as 0.3 mg/L (semiquantitative
dipstick þ1) in at least 1 urine sample
after 20 weeks of gestation without
simultaneous urinary infection.
Mild preeclampsia (n¼ 73)was defined

as an increase in diastolic blood pressure of
at least 25 mm Hg and proteinuria 1þ on
semiquantitive dipstick after gestational
week 20. Moderate preeclampsia (n¼ 91)
was defined as a diastolic blood pressure
increase of at least 25 mm Hg and pro-
teinuria 2þ on semiquantitive dipstick.
Severe preeclampsia (n¼ 54) was defined
as diastolic blood pressure of at least
110 mm Hg and proteinuria 3þ on sem-
iquantitive dipstick or at least 500 mg per
24 hours. HELLP (hemolysis, elevated
liver enzymes, and low platelet count)
syndrome and eclampsia were included in
the severe preeclampsia category.16

At 10.8 years for mothers who deliv-
ered girls and 11.8 years formothers who
delivered boys, the mother-offspring
dyads were invited to a follow-up, ess-
entially coinciding with the time when
the children were expected to enter pu-
berty. From the original study, 601 dyads

participated in the follow-up study,
amongwhom218mother-offspring pairs
were part of the preeclampsia group
and 383 pairs were part of the group
without preeclampsia. The Figure shows
a flow chart of the original study partici-
pants and those (65%) who attended
the follow-up study and were included in
the analyses of the present study. There
was no differential loss to follow-up be-
tween the participating groups. More-
over, there were no differences between
the participants in this study and the
nonparticipants at follow-upwith respect
to the baseline values, such as maternal
age, weight and height, frequency and
severity of preeclampsia, or gestational
age and birthweight of the children.11

The majority of the participants were
European whites (n ¼ 585), whereas
16 were of non-European ethnicity.

Data collection
The follow-up study included ques-
tionnaires, a clinical examination, and
collection of fasting blood samples from
mothers and their offspring. The clinical
examination was conducted by 3 trained
nurses at the pediatric outpatient clinic
at Stavanger University Hospital.

Body weight was measured to the
nearest 0.1 kg using an electronic scale
(Seca 770; Seca, Hamburg, Germany)
and height was measured to the nearest
0.1 cm, using the Harpenden stadi-
ometer (Holtain; Crosswell, Crymych,
Wales, UK), and recorded as the mean of
2 successive measurements. BMI was
calculated as weight divided by height
squared, and the waist to hip ratio was
calculated as the mean value of 2 mea-
surements of waist and hip circumfer-
ence, recorded to the nearest 0.1 cm.

After sitting for 5-10 minutes, systolic
and diastolic blood pressures were
measured electronically with Criticare
506N (Criticare Systems Inc., Waukesha,
WI); the measurements were conducted
3 times, and the average of the second
and third measurement was recorded
to the nearest millimeter of mercury.11

Fasting blood samples (ranging in
time since dinner from 8 hours or
more) were collected by trained bio-
medical technicians.10-12 Total serum
cholesterol, high-density lipoprotein

FIGURE
Flow chart of original and
follow-up participants

Flow chart of the original participants and those

who attended the follow-up study and were

included in the analyses of the present study.
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