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Normalized endothelial function but sustained
cardiovascular risk profile 11 years following
a pregnancy complicated by preeclampsia

Eva Östlund1, Maha Al-Nashi2, Rangeen Rafik Hamad2, Anders Larsson3, Maria Eriksson4,
Katarina Bremme2 and Thomas Kahan5

Women with a history of preeclampsia are at increased risk of future cardiovascular disease. Preeclampsia is associated with

elevated blood pressure, inflammation and endothelial dysfunction, and these findings remain 1 year after delivery. Whether

these abnormalities persist long after delivery, and whether they may contribute to future cardiovascular disease, is not well

studied. We studied 15 women with a history of preeclampsia and 16 matched controls with an uncomplicated pregnancy

11 years following the index pregnancy; all had also been previously examined at 1 year. We assessed arterial stiffness (pulse

wave analysis), 24 h ambulatory blood pressure and endothelial function (forearm flow-mediated dilatation and pulse wave

analysis following b receptor agonist provocation), and determined markers of glucose and lipid metabolism, inflammation and

vascular function. The preeclampsia group had higher blood pressures and reduced night/day blood pressure ratios, increased

body mass index and reduced glucose tolerance, and increased levels of tissue necrosis factor receptor 1 and intracellular

adhesion molecule-1, suggesting inflammatory and vascular activation. However, the endothelial impairment observed in the

preeclampsia group at 1 year was normalized at 11 years, whereas the control group remained unchanged during follow-up.

Our findings of higher blood pressures, impaired glucose tolerance and normalization of endothelial function 11 years after

preeclampsia suggest cardiovascular risk factors present already before pregnancy to be more important than permanent

endothelial damage for the increased risk of future cardiovascular complications in women with a history of preeclampsia.
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INTRODUCTION

Preeclampsia (PE) affects B5% of all pregnancies. It is a multiorgan
disorder resulting in hypertension and proteinuria in the mother, and
growth restriction in the fetus. Women with a history of PE have
an almost fourfold increased risk of hypertension, and a twofold
increased risk of ischemic heart disease, stroke, and venous thrombo-
embolism in later life.1 Patients with more severe PE are at greater
risk.2,3

Endothelial dysfunction has a central role in the pathogenesis of
PE. Endothelial dysfunction remaining after delivery may cause
further vascular dysfunction and future cardiovascular disease.
Indeed, studies have demonstrated endothelial dysfunction within a
year after a pregnancy complicated with PE.4 However, other studies
suggest that pre-existing cardiovascular risk factors present already
before pregnancy may be more important for the future risk of
cardiovascular disease than impaired endothelial function during PE.5

If this were the case, one could anticipate that endothelial dysfunction
would eventually diminish after pregnancy complicated with PE.
However, long-time follow-up studies on endothelial function are
lacking.

We have previously shown that women with PE, as compared with
women with a normal pregnancy, exhibit endothelial dysfunction,
increased blood pressure and metabolic alterations 1 year after a
pregnancy.4 The aim of this study was to examine these same women
again 10–12 years after the index pregnancy to see if these
abnormalities remained present.

METHODS

Subjects and study design
Pregnancy data collected from hospital records were used to include 18

subjects with a pregnancy complicated by a diagnosis of severe PE according to

current recommendations.6 The PE group was otherwise healthy non-smoking
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primiparas with a normal blood pressure, normal menstrual cycles, no ongoing

hormonal therapy or other drug treatment, no diabetes mellitus, gestational

diabetes, coagulation disorders, renal disease or chronic hypertension. The

control group consisted of 17 healthy non-smoking women recruited in a

similar manner with a normal uncomplicated pregnancy, matched for age,

parity and date of delivery. The initial investigations at 1 year were performed

at 15±3 months following the index pregnancy, as described and reported in

detail.4

For the current study, all women were again invited for examinations, which

were performed 11.2±0.6 years following the index pregnancy. Only two in

the PE group and one in the control group were unwilling to attend.

Background characteristics are given in Table 1. None in the PE group used

oral contraceptives but one had an intrauterine hormonal device; the

remaining had regular menstruations. Nine women had been pregnant again:

one more pregnancy in seven women (two with recurrence of PE), two more in

one and three more pregnancies in one woman. Thus, in the PE group the

current examinations were performed 7.9±3.3 years following the last

pregnancy. In the control group, none used oral contraceptives but six had

an intrauterine hormonal device; the remaining had regular menstruations. All

control subjects except one had been pregnant again: one more pregnancy in

11 women, two more in three and three more pregnancies in one woman

(none with PE). Thus, in the control group the current examinations were

performed 6.6±2.4 years following the last pregnancy.

Participants arrived in the morning after fasting overnight. They were asked

to refrain from caffeine-containing beverages, fruit juices or vitamin C, and

any medication. Examinations were performed in the supine position in a

quiet room kept at constant temperature following a 20-min period of rest.

Blood was obtained from an antecubital vein into Vacutainer tubes (Becton

Dickinson Cedex, Meylan, France) containing EDTA on ice and centrifuged at

2250 g for 20 min at þ 4 1C, or containing citrate or no additive, as

appropriate, and centrifuged at 2250 g for 20 min at þ 20 1C. Aliquots of

serum and plasma were stored at �70 1C until further analyses.

All participants gave their written consent to participate in the study. The

Ethics Committee in Stockholm approved of the study, and all procedures

followed were in accordance with institutional guidelines.

Blood pressure measurements
Brachial blood pressure was obtained in the supine position by an oscillometric

device (OMRON 705IT, OMRON Healthcare, Kyoto, Japan) on the right arm

with an appropriately sized cuff as a mean of three readings 1 min apart.

Ambulatory blood pressure during 24 h was recorded with a Spacelabs 90207

device (Spacelab Healthcare, Issaquah, WA, USA) and a cuff of appropriate size

on the non-dominant arm. Readings were made every 20 min throughout.

Default automatic editing was used and all recordings had 480% valid

measurements. The recorded values were first averaged for each hour, and

values for daytime, nighttime and 24 h were subsequently calculated from these

hourly averages. We defined daytime as 1000–2000 hours, and nighttime as

0000–0600 hours.

Pulse wave analysis
Applanation tonometry was performed using a SphygmoCor device (AtCor

Pty, West Ryde, NSW, Australia) according to current recommendations.7

Radial artery waveforms were calibrated using brachial systolic and diastolic

blood pressures; the central aortic waveform was calculated by device software

using the generalized transfer function, and central blood pressure values were

derived. The augmentation index was measured through the software.

Recordings were then repeated at the level of the common carotid artery

and the femoral artery, and pulse wave velocity was calculated from the direct

(carotid-to-radial and carotid-to-femoral) path length.

Assessment of endothelial function
Endothelium-dependent flow-mediated vasodilatation (FMD) was assessed by

ischemia-induced reactive hyperemia in the non-dominant arm according to

current recommendations.8 Vasodilatation was induced by inflation of a

pneumatic tourniquet placed around the forearm to a pressure of

250 mm Hg for 5 min, followed by release. The brachial artery diameter was

measured by a Vivid 7 Dimension (GE Medical System, Horten, Norway)

ultrasound device with a 9-MHz linear transducer. All images were stored for

later analyses. The mean values of three measurements of arterial diameter

performed at end diastole were calculated at rest and at 30, 60 and 90 s after

cuff release. The relative increase in diameter of the artery to the maximal value

observed was taken as a measure of FMD. After a washout period of at least

10 min to regain stable resting conditions, 0.4 mg glyceryl trinitrate

(Nitrolingual, G Pohl-Boskamp GmbH, Hohenlockstedt, Germany) given as

sublingual spray was used to assess endothelium-independent vasodilatation.

Relative changes in brachial artery diameter were calculated from rest to 4 min

following drug administration. The inter assay coefficient of variation for FMD

in our laboratory is 15% (n¼ 20).

Endothelial function was also assessed on an adjacent day by b-2 adrenergic

agonist-induced changes in the pulse waveform, as described elsewhere.9 Radial

artery pulse waves were recorded by applanation tonometry, as described

above. The maximal systolic peak and the reflected waves were identified by

the calculations of the first and second derivative of the pulse curve. The

relative height of the diastolic reflected wave (that is, the reflection index) was

used as an index of endothelial function.10 After a recording under resting

conditions, 0.25 mg terbutaline (Bricanyl, AstraZeneca, Mölndal, Sweden) was

given subcutaneously in the upper forearm and reevaluation of the pulse wave

was performed after 15 and 20 min. The maximal relative change was used.

A large reduction of the reflection index indicates a good response.

Table 1 Clinical characteristics

Controls Preeclampsia P-value

n 16 15 —
Index pregnancy

Pregnancy length (days) 281±6 245±6 o0.001

Birth weight, g 3766±195 2557±208 o0.001

11 Years after delivery

Age, years 41.2±3.2 39.4±3.6 0.14

Family history of hypertension 8 9 0.48

Family history of preeclampsia 0 3 0.075

Family history of coronary

artery disease and/or stroke

5 6 40.5

Family history of venous

thromboembolism

2 5 0.20

Parity 2.5±0.7 1.8±0.9 0.18

Current smoker 1 0 40.5

Current hypertension 0 1 0.45

Current diabetes mellitus 0 0 —

Body mass index, kgm�2 23.3±3.1 25.8±6.1 0.099

Waist/hip ratio 0.80±0.04 0.82±0.06 0.094

Total cholesterol, mmol l�1 4.80±0.76 4.72±1.17 40.5

LDL cholesterol, mmol l�1 3.10±0.58 3.03±1.08 40.5

HDL cholesterol mmol l�1 1.44±0.39 1.39±0.24 40.5

ApoB/ApoA1 0.64±0.44 0.49±0.18 0.22

Glucose, mmol l�1 4.87±0.48 4.98±0.41 0.49

Insulin, pmol l�1 29.6±14.8 46.7±39.1 0.124

HOMA 6.57±3.83 10.92±10.79 0.103

QUICKI 0.48±0.06 0.45±0.05 0.093

Creatinine, mmol l�1 67±10 67±12 0.88

Cystatin C, mg l�1 0.85±0.11 0.84±0.13 0.80

Estimated glomerular filtration

by cystatin C, ml min�1 1.73 m�2

89±4 87±6 0.33

Abbreviations: HDL, high-density lipoprotein; HOMA, homeostasis model assessment; LDL, low-
density lipoprotein; QUICKI, quantitative insulin sensitivity check index.
Mean values±s.d. or n, as appropriate. HOMA formula as 0.167� mmol l�1 glucose �
pmol l�1 insulin/22.5; QUICKI formula as 1/log mmol l�1 glucose � log pmol l�1.
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Biochemical analyses
Routine blood chemistry was assessed by standard procedures. Creatinine,

cystatin C and high-sensitive C-reactive protein (hs-CRP) were measured in

plasma by enzymatic colorimetric methods on an Architect Ci8200 analyzer

(Abbott, Abbot Park, IL, USA). Insulin was measured in serum by an

immunoassay on a Modular analyzers E170 module (Roche Diagnostics,

Mannheim, Germany).

Amino-terminal pro-brain natriuretic peptide (NT-pro-BNP) was analyzed

on a Cobas EE instrument (Roche Diagnostics). Pentraxin 3, tissue necrosis

factor (TNF) receptor 1, intercellular adhesion molecule-1 (ICAM), vascular

adhesion molecule-1 (VCAM), soluble fms-like tyrosine kinase-1, placental

growth factor (PlGF), cathepsin B and cathepsin S were analysed, by enzyme-

linked immunosorbent assays (R&D Systems, Minneapolis, MN, USA). These

biomarkers were analyzed in plasma. Coefficients of variation were all o8%.

Glucose tolerance was calculated by the homeostasis model assessment

(HOMA) as 0.167� mmol l�1 fasting glucose � pmol l�1 fasting insulin/

22.5,11 and by the quantitative insulin sensitivity check index (QUICKI)

formula as 1/log mmol l�1 fasting glucose � log pmol l�1 fasting insulin.12

Estimated glomerular filtration rate was calculated from cystatin C

measurements.

Statistics
Results are presented as mean values±s.d. or proportions, as appropriate.

Skewed variables were logarithmically transformed. Student’s t-test or a two-

way repeated measures analysis of variance were used to assess continuous

data, and the w2-test was used for variables in contingency tables. Pearson’s

correlation coefficient was used to measure the association between the

variables. A probability (P) o0.05 was considered statistically significant.

JMP version 10 (SAS Institute Inc., Cary, NC, USA) was used.

RESULTS

General
Demographic and baseline characteristics were comparable in the two
study groups (Table 1). However, the PE group was somewhat
younger and had a somewhat higher body mass index and greater
waist-hip ratio.

Blood pressure and vascular function
The PE group had slightly but consistently higher blood pressure
levels than the control group (Table 2). However, only 24 h

ambulatory blood pressure values at night, and the night/day ratios
were significantly different between the groups (Table 2). Measure-
ments of arterial stiffness (that is, pulse wave velocity and augmenta-
tion index) were similar in the two study groups (Table 2).

Endothelial function
Endothelial-dependent and -independent vasodilatation, induced by
post ischemic hyperemia and glyceryl trinitrate, respectively, was
similar in the two study groups (Figure 1). Also the ratios, post
ischemic hyperemia-/glyceryl trinitrate-induced response were similar
in the PE group and the control group (0.40±0.24 and 0.34±0.16,
respectively). When the early and severe PE patients were compared
with the remaining PE patients, post ischemic hyperemia (9.9±2.6%
vs. 11.3±7.0% increase), glyceryl trinitrate-induced vasodilatation
(28.3±9.8% vs. 29.6±10.3% increase) and the ratios post ischemic
hyperemia-/glyceryl trinitrate-induced response (0.41±0.26 vs.
0.41±0.24) were similar (Figure 1). Endothelial function assessed
by pulse wave analysis and terbutaline also revealed no difference
between the study groups (Figure 1), as the changes in reflectance
index by terbutaline in the PE group and the control group were
�10.8±4.4% and �8.6±2.7%, respectively. Again, when the early

Table 2 Blood pressures and vascular function

Controls Preeclampsia P-value

Heart rate, beats per min 58±9 59±11 0.71

Supine systolic BP, mmHg 111±11 117±14 0.18

Supine diastolic BP. mm Hg 70±2 75±2 0.16

Central systolic BP, mm Hg 101±12 108±15 0.16

Central diastolic BP, mmHg 71±10 76±10 0.23

24h ABP, mean 24 h systolic BP, mm Hg 112±11 117±11 0.22

24h ABP, mean 24 h diastolic BP, mmHg 71±9 75±8 0.28

24h ABP, mean day systolic BP, mmHg 120±11 123±12 0.47

24h ABP, mean day diastolic BP, mmHg 78±9 80±9 0.52

24h ABP, mean night systolic BP, mmHg 100±10 108±10 0.030

24h ABP, mean night diastolic BP, mmHg 60±9 65±7 0.073

Night/day ratio, systolic BP 0.76±0.05 0.81±0.06 0.022

Night/day ratio, diastolic BP 0.84±0.04 0.88±0.04 0.021

Pulse wave velocity, carotid-femoral, m s�1 6.32±0.46 6.26±1.01 0.83

Pulse wave velocity, carotid-radial, m s�1 7.91±1.11 8.13±1.06 0.58

Augmentation index, % 21.1±10.3 25.0±8.2 0.26

Abbreviations: ABP; ambulatory blood pressure; BP; blood pressure.
Mean values±s.d. in 15 patients with a history of preeclampsia and in 16 control subjects
with uncomplicated pregnancy.
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Figure 1 Flow-mediated endothelium-dependent and -independent

vasodilatation, induced by post ischemic hyperemia and glyceryl trinitrate

(top panel) and endothelial function assessed by pulse wave analysis and

the reflectance index before and administration of terbutaline (bottom

panel) in patients with preeclampsia (squares) and control subjects (circles)

11 years after the index pregnancy. Mean values±s.d. for 11–15 patients

and 14–15 control subjects. Open symbols denote six patients with severe

preeclampsia delivered before 34 weeks of gestation. There were no

differences between the two study groups.
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and severe patients were compared with the remaining PE patients,
the reflectance index before (74.6±4.3% vs. 72.4±1.8%) and the
reduction after terbutaline (�9.9±5.3% vs. �11.7±3.2%) were
similar (Figure 1).

Brachial artery diameters were similar in the two study groups.
However, the PE group showed higher forearm blood flow values and
systolic flow velocities than the control group (Table 3). Mean
forearm blood flow values during hyperemia related to HOMA
(r2¼ 0.19; P¼ 0.011), cathepsin S (r2¼ 0.17; P¼ 0.016) and hs-
CRP (r2¼ 0.15; P¼ 0.018).

Biochemical markers of inflammation and endothelial function
The PE group had higher levels of TNF receptor 1, while other
markers of inflammation (leukocyte counts, hs-CRP, pentraxin 3)

were similar in the two study groups (Table 4). ICAM was increased
in the PE group, whereas other markers of endothelial function
(that is, VCAM and albumin/creatinine ratio in urine) did not differ
between the groups. The placenta markers PlGF and soluble fms-like
tyrosine kinase-1 also did not differ between the groups.

Biochemical markers of metabolism
There was a trend for impaired glucose tolerance in patients with a
history of PE (Table 1). Glucose tolerance was inversely related to
body mass index (for example, HOMA: r2¼ 0.58, Po0.001; QUICKI:
r2¼ 0.26, Po0.01). Blood lipids, brain natriuretic peptide levels and
renal function did not differ between the groups (Table 1).

Table 3 Forearm circulatory variables before and during postschemic

hyperemia

Control Preeclampsia P-value

Brachial artery diameter at rest, mm 3.05±0.23 2.93±0.42 0.231

Mean systolic blood flow

velocity at rest, m s�1

0.45±0.12 0.61±0.24 0.023

Mean blood flow at rest, ml min�1 25.2±8.6 48.5±26.2 0.002

Increase in mean blood flow

during hyperemia

11.5±7.8 6.8±2.6 0.007

Peak systolic blood flow

velocity at rest, m s�1

0.81±0.10 0.90±0.17 0.072

Peak systolic blood flow velocity

during hyperemia, m s�1

1.74±0.27 2.01±0.48 0.066

Peak diastolic blood flow velocity

during hyperemia, m s�1

1.16±0.08 1.34±0.08 0.139

Peak systolic/diastolic blood flow

velocity during hyperemia, m s�1

1.53±0.19 1.53±0.18 0.940

Mean values±s.d. in 15 patients with a pregnancy complicated by preeclampsia and in
16 control subjects with uncomplicated pregnancy.

Table 4 Biochemical findings

Control Preeclampsia P-value

Leukocyte counts, �109 l�1 5.0±1.1 4.7±1.5 0.54

Hs-CRP, mg l�1 0.92±0.87 0.76±0.87 0.62

Pentraxin 3, mg l�1 8.96±3.08 9.48±4.14 0.69

TNF receptor 1mg l�1 1.62±0.24 1.91±0.47 0.035

ICAM, mg l�1 102±15 120±29 0.034

VCAM, mg l�1 608±108 661±123 0.22

Albumin/creatinine ratio in urine, mg mol�1 0.75±0.83 0.86±1.07 0.74

sFlt-1 ng l�1 347±146 370±124 0.64

PlGF, ng l�1 21.2±6.0 22.2±5.6 0.66

Cathepsin B, mg l�1 76±35 74±25 0.84

Cathepsin S, mg l�1 20±4 23±5 0.10

Homocystein mmol l�1 9.1±2.1 8.7±1.4 0.60

NT-pro-BNP, ng l�1 61±38 40±25 0.09

Abbreviations: Hs-CRP, high-sensitive C-reactive protein; ICAM, intercellular adhesion molecule-1;
NT-pro-BNP, amino-terminal pro-brain natriuretic peptide; PlGF, placental growth factor; sFlt-1,
soluble fms-like tyrosine kinase-1; TNF, tissue necrosis factor; VCAM, vascular adhesion
molecule-1.
Mean values±s.d. in 15 patients with a history of preeclampsia and in 16 control subjects
with uncomplicated pregnancy.
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Comparisons between measurements 1 and 11 years of follow-up
Systolic and diastolic blood pressures increased in both study
groups during the 11 years of follow-up. Furthermore, blood
pressures appeared to be consistently higher the PE group
(Figure 2). Also 24 h ambulatory blood pressures gave similar results,
with a trend for higher systolic and diastolic values in the PE group
(data not shown).

Endothelial function assessed by FMD was unchanged in the
control group from 1 to 11 years, whereas endothelial function in
the PE group was normalized during follow-up (Figure 2).

Hs-CRP decreased from 1 to 11 years (Po0.001), similar in both
groups. Also ICAM decreased to a similar extent in both groups from
1 to 11 years (Po0.001), and VCAM decreased in the PE group, as
compared with the control group (Po0.001).

Body mass index remained higher in the PE group during follow-
up and the PE group also displayed reduced glucose tolerance
(Figure 2). Also QUICKI was impaired in the PE group (P time
¼ 0.051, P group ¼ 0.023, and P time � group¼ 0.420). Similar
significant results for ICAM, VCAM, FMD, glucose tolerance (HOMA
and QUICKI) and systolic blood pressure during the 11 years of
follow-up were obtained when the potentially confounding effects of
BMI was taken into account (data not shown).

DISCUSSION

Few studies in women with a pregnancy complicated by PE have
repeated assessments of vascular function during a long follow-up.
Participants in the current study were examined at 1 and 11 years
following the index pregnancy. We show a sustained elevated blood
pressure and unfavorable cardiovascular risk factor profile but
improvement of the initially impaired endothelial function in women
with a previous PE, as compared with subjects with a normal
pregnancy. This may have important implications for cardiovascular
prevention.

Previous studies show that patients with a history of PE have an
elevated blood pressure later in life. However, few studies have reported
blood pressure values during pregnancy and also performed repeat
blood pressure measurements during long-term follow-up.13 We report
a trend for elevated casual blood pressure levels in the PE group at both
1 and 11 years after the index pregnancy. In support of these results, we
found higher 24 h ambulatory blood pressure values at night and an
impaired night/day ratio in the PE group. This is in agreement with
findings 2 to 12 years following PE.14 This is an important finding as
ambulatory blood pressure recordings predict future cardiovascular
events better than casual blood pressure values. Nighttime values seem
to provide the strongest prognostic information, and the night/day
ratio adds independent prognostic information.15 Of note, the
differences in blood pressure between the two study groups were
small and the study groups are small. However, as there is a strong
blood pressure tracking from young age to adulthood, and blood
pressure levels at young age predict future hypertension, cardiovascular
morbidity and mortality,16–18 this may contribute to the future
cardiovascular risk observed in subjects with a previous PE.1

Indices of arterial stiffness (that is, pulse wave velocity and
augmentation index) were similar in the two study groups 11 years
after the index pregnancy. An increased arterial stiffness in pregnant
women has been associated with the development of PE.19 However,
only few small studies have examined arterial stiffness in women
following PE. Evans et al.20 examined women with PE and showed a
normal pulse wave velocity after 16 months of follow-up. Rönnbäck
et al.21 found no increased augmentation index in a cross sectional
study of non-pregnant women B5 years after a history of PE, whereas

Lampinen et al.22 in another cross sectional study reported same
augmentation index values in women with a history of PE and those
with a normal pregnancy 5 to 6 years post partum.22 Compared with
women with a previous normal pregnancy, Pàez et al.23 reported that
subjects with history of PE examined 2 to 3 years post partum had
normal pulse wave velocity but an increased augmentation index.
Also, an increased augmentation index in women with a history of
early-onset PE or intrauterine growth retardation (but not in late-
onset PE) investigated 6 to 24 months after their delivery, as
compared with women with a prior normal pregnancy has been
reported.24 Taken together, our results extend previous findings and
suggest that arterial stiffness is normal in subjects also 11 years after a
pregnancy complicated with PE.

In agreement with others,25,26 we have reported that patients with a
history of PE have impaired endothelial function, assessed by FMD
1 year following delivery.4 The novelty of our current study is the
demonstration of temporal changes, and the long follow-up. A major
finding when examined again 11 years following the index pregnancy
is that endothelial function by FMD was normalized in the PE group,
whereas values remained unchanged in the control group. The FMD
technique reflects conduit artery endothelial function, while pulse
wave analysis with terbutaline provocation provides information on
resistance artery endothelial function.10 Thus, our findings of similar
reflectance index values provide further support of a normalized
endothelial function in the PE group after 11 years. However, more
detailed information of the time course for the changes in endothelial
function cannot be provided by the current results.

Our results should be interpreted with caution as the small number
of subjects may have affected the ability to detect small differences in
endothelial function between the two study groups. Also, increases in
hyperemic blood flow that represent endothelial stimulation was
greater in the control group, which may be taken to suggest FMD to
be greater in the control group. However, this seems less likely because
the ratios of post ischemic hyperemia-/glyceryl trinitrate-induced
response were similar in the two study groups. Thus, our results are in
agreement with results of similar microvascular hyperemic response
in women with a history of PE and subjects with an uneventful
pregnancy 23 years after their delivery.27 Furthermore, other cross
sectional studies with forearm venous occlusion plethysmography and
intra-arterial infusions of acetylcholine and sodium nitroprusside
showed a similar endothelial function index in women 5 to 6 years
after a history of PE and in those with a normal pregnancy,22 and
peripheral arterial tonometry combined with reactive hyperemia
demonstrated similar endothelial function in women with PE and
in normal pregnancies 5 to 8 years post partum.27 That study,
however, provided evidence of endothelial dysfunction in women and
children of PE when combined with a small for gestational age infant
pregnancy.

Forearm hyperemic blood flow velocity is related to major
cardiovascular risk factors. This has been suggested to be due to the
effects of risk factors on the vasodilatation in the resistance arteries
determining hyperemic blood flow.29 Systolic blood flow velocity in
conduit arteries is affected by arterial stiffness, and blood flow during
systole is related to coronary artery disease risk and carotid
atherosclerosis.30,31 Accordingly, we observed higher forearm systolic
blood flow velocities in the PE groups than in the control group,
consistent with more cardiovascular risk factors in subjects with a
history of PE. This supports the findings of decreased small and large
artery elasticity, and higher body mass index, blood pressure, hs-CRP
and triglyceride values in women with a history of early-onset PE,
after 4 years of follow-up.32 Although we observed similar values for
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endothelial function by FMD and by pulse wave analysis with
terbutaline provocation in both study groups, our findings of
higher forearm systolic blood flow velocities in the PE group may
suggest that subjects with a history of PE can have subtle
abnormalities in arterial structure and endothelial function due to
shared pre-existing risk factors.

Markers of inflammation (that is, hs-CRP) and endothelial
activation (that is, ICAM, VCAM) were reduced from 1 to 11 years
of follow-up. However, ICAM remained higher in the PE group at
11 years, as compared with the control group. This confirms previous
observations made 15–25 years after an index pregnancy with PE.33

We have previously shown other markers of endothelial dysfunction
(sFlit-1, PlGF) to be elevated during PE.4 However, in the present
investigation after 11 years sFlit-1 and PlGF were similar in both
study groups. This is in agreement with observations up to 9 years
following early and severe PE,24,34 but contrasts findings by others
with a shorter follow-up.27 Furthermore, TNF receptor 1 was elevated
in the PE group. TNF receptor 1 has been suggested to be cardio-
protective and is upregulated by TNFa activation, which is likely
to promote the inflammatory cascade within the arterial wall during
the development of atherosclerosis.35 However, another study investi-
gating inflammatory markers 20 years post partum failed to demon-
strate increased levels of TNFa, in contrast to findings 12–14 weeks
post partum.36,37 Thus, our and other findings suggest that PE is
associated with inflammatory and endothelial activation, which
may not be fully normalized within 11 years.14,28 This could be of
clinical importance as biomarkers for inflammation and endothelial
activation have been associated with an increased risk of future
cardiovascular disease.38,39

We found an impaired glucose tolerance during the 11 years of
follow-up in subjects with a history of PE, and glucose intolerance
was related to body mass index. This is in agreement with other
observations.3 Thus, women with a history of PE show light but
sustained alterations at both 1 and 11 years after the index pregnancy
concerning body size, glucose control, inflammation and blood
pressure, with similarities to the metabolic syndrome, a condition
associated to future cardiovascular complications.

In conclusion, our results of higher blood pressures and impaired
glucose tolerance 11 years after a pregnancy complicated by PE
suggest that pre-existing risk factors may be more important than a
permanent damage of the endothelium for future cardiovascular
complications in women with a history of PE. This may suggest that
these risk factors are present already before the pregnancy.5 Thus, one
may consider all women with prior PE to carry a risk for future
cardiovascular disease. This highlights the importance of obtaining a
detailed pregnancy history in everyday clinical practice as a simple
measure to improve cardiovascular risk assessment and allow for early
institution of early risk preventive measures. Early treatment of risk
factors is likely to be of benefit in order to prevent cardiovascular
disease. Whether earlier and more aggressive therapeutic interventions
will reduce risk in a cost-effective manner, however, remains to be
studied.40
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