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1
General introduction



Preeclampsia is a relatively common and potentially serious pregnancy disorder and it is 

one of the leading causes of maternal and neonatal morbidity and mortality worldwide.1-3 

Women after preeclampsia are at increased risk for cardiovascular disease in future life.4-6 The 

metabolic syndrome, an independent risk factor for cardiovascular disease, is more prevalent 

in women after preeclampsia.7,8 Because of the supposed role of metabolic syndrome in the 

course between preeclampsia and cardiovascular disease, understanding of the dimensions 

of the metabolic syndrome in these young women is essential. 

This thesis focuses on metabolic syndrome in women after pregnancy complicated by 

preeclampsia and it has the aim to unravel the link between those two entities. 

Preeclampsia
Preeclampsia is a hypertensive disorder of pregnancy, characterized by new-onset 

hypertension and proteinuria after 20 weeks of gestation. It complicates approximately 

two to eight percent of all pregnancies.1,3 There are no effective pharmacological agents to 

treat preeclampsia and the only known cure is delivery. Despite extensive efforts for many 

decades, researchers have not yet found the explanation why and how preeclampsia occurs. 

Originally, most theories about the pathogenesis of preeclampsia include abnormal vascular 

development of the placenta, resulting in oxidative stress, excessive systemic inflammatory 

response, endothelial dysfunction and vasoconstriction, leading to systemic hypertension 

and end-organ hypoperfusion.9,10 Currently, there is growing evidence that there is a key role 

for the maternal cardiovascular system in the development of preeclampsia.11 

Cardiovascular disease and preeclampsia
Women with a history of preeclampsia have a four times higher risk of chronic hypertension 

and a doubled risk of cardiovascular disease, such as ischemic hearth disease and stroke.5,6 

Life expectancy in these women is reduced by approximately six years, mainly due to 

cardiovascular death.12 The risk estimates for cardiovascular disease and mortality differ for 

women with various subtypes of gestational hypertensive disorders (gestational hypertension, 

preeclampsia, eclampsia), with more severe forms corresponding to higher risk.5,6,10,13,14

Pregnancy can be considered as a unique ‘stress test’ for the vascular and metabolic system.15,16 

Women with a pre-existing cardiovascular risk exceed a certain threshold for disease during 

pregnancy, resulting in the development of preeclampsia. Later in life, ageing will lead to the 

development of cardiovascular disease at a younger age then their counterparts who had 

uneventful pregnancies. Whether preeclampsia itself has a direct effect contributing to the 

development of cardiovascular disease or whether the high risk profile in these women is 

mainly pre-existing is still unknown. However, the occurrence of preeclampsia in apparently 
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prevalence of metabolic syndrome.7,8,36 Prior to the first pregnancy, constituents of the 

metabolic syndrome raise the risk on vascular complicated pregnancy.37

Altogether, there is enough evidence to support the relationship between metabolic 

syndrome and preeclampsia, but the exact mechanism of the link is not fully understood and 

it is most likely embedded in a very complex pathophysiology. 

Endothelial dysfunction
Vascular endothelium has important regulatory functions in the cardiovascular system and 

a crucial role in the maintenance of vascular health and metabolic homeostasis. Endothelial 

dysfunction is one of the initial steps towards atherosclerosis and future cardiovascular 

events.38,39 In contrast with normal pregnancy, endothelial dysfunction is a major hallmark 

of preeclampsia.40 Endothelial dysfunction in women with a history of preeclampsia, does 

not resolve postpartum, and persistence may underpin the increased risk of cardiovascular 

disease in later life.41 Insulin resistance and other components of the metabolic syndrome, 

are linked to vascular inflammation and can contribute to endothelial dysfunction individually 

or in concert with one another.42,43 Metabolic syndrome and endothelial dysfunction are 

vascular risk factors and together they may provide additive effects along the way from 

preeclampsia towards cardiovascular events.

Low plasma volume
Plasma volume, referring to the total intravascular blood volume minus the cellular 

components of blood, increases progressively throughout normal pregnancy.44 Plasma 

volume status reflects venous reserve capacity of the circulation and the ability to enhance 

cardiac preload in times of increased demands, like pregnancy. Low plasma volume, reflecting 

reduced cardiovascular reserve capacity, had been linked to preeclampsia and predisposes to 

recurrence of the disease.45-49 In women with a history of preeclampsia the prevalence of low 

plasma volume is about fifty percent.46,49 Low plasma volume is also linked with latent chronic 

hypertension.50 Studies in persons with low plasma volume, showed a gradual increase 

in blood pressure over the years.51 Low plasma volume is considered as a form of latent 

hypertension in normotensive or borderline hypertensive individuals. Subsequently, latent 

hypertension is associated with risk factors such as abdominal obesity, impaired glucose 

metabolism and dyslipidemia, defined as the metabolic syndrome.52

Impaired maternal heart function
In normal pregnancy, radical cardiovascular changes occur in order to meet the maternal and 

fetal needs.53 Cardiac output increases and peripheral vascular resistance decreases, leading 

to a high-volume, low-resistance circulation. These changes request for compensatory cardiac 

healthy women may unmask women with a previously unrecognized cardiovascular risk 

profile who are at risk for subsequent cardiovascular disease. This offers opportunities for 

prevention of cardiovascular disease in these women. 

Risk factors for preeclampsia show large overlap with classical risk factors for cardiovascular 

disease, such as insulin resistance, dyslipidemia, obesity and arterial hypertension.17,18 The 

concomitant presences of these components characterize the so-called metabolic syndrome. 

Metabolic syndrome
Metabolic syndrome is characterized by the simultaneous presence of several metabolic and 

non-metabolic abnormalities that directly increase the risk of cardiovascular atherosclerotic 

diseases and diabetes mellitus type 2.19-21 Its main components are dyslipidemia, elevation 

of arterial blood pressure and dysregulated glucose homeostasis, with abdominal obesity 

and/or insulin resistance. The metabolic syndrome was firstly defined in 1998 by the World 

Health Organization (WHO), making insulin resistance essential for the diagnosis.22 From 

that moment on, a number of scientific agencies have invented several working definitions 

for the metabolic syndrome. The National Cholesterol Education Program Adult Treatment 

Panel III (ATP III) proposed that insulin resistance was no longer the main factor, but just 

one of the components together with hypertension, dyslipidemia and obesity.23,24 Later, 

the International Diabetes Federation (IDF) made abdominal obesity the most important 

component.25 Whether defined by the WHO, ATPIII, IDF or other organisation, the metabolic 

syndrome identifies individuals at risk for cardiovascular disease and it is associated with an 

increased mortality risk.26 The metabolic syndrome is becoming increasingly common, partly 

due to the epidemic rise in obesity, and it is one of the major health hazards of modern world. 

The syndrome has been promoted as a means to identify patients for lifestyle intervention 

with the goal to reduce risk factors and subsequent cardiovascular disease.

Metabolic syndrome and preeclampsia
In pregnant women, significant physiological changes occur to meet the demands of the 

developing fetus. Maternal insulin resistance begins in the first trimester and is progressive 

in the course of normal pregnancy, resulting in enhanced maternal glucose concentrations.27 

Circulating lipid levels rise in normal pregnancy, with an increase in total serum cholesterol 

and triglyceride levels.28 In preeclamptic pregnancy, dyslipidemia and insulin resistance are 

more pronounced than in normal pregnancy.29-32 Several studies have reported abnormal 

lipid metabolism, insulin resistance and obesity as risk factors for preeclampsia.32-35 These 

findings suggest that preeclampsia develops in concert with enhanced metabolic syndrome. 

In other studies, the relationship between metabolic syndrome and preeclampsia has been 

demonstrated. In women after pregnancy complicated by preeclampsia there is a high 
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Chapter four describes the role of metabolic syndrome in recurrent preeclampsia. Women 

with a history of previous preeclampsia are at increased risk of recurrence in subsequent 

pregnancies.65,66 In an attempt to predict and to prevent recurrent preeclampsia, many 

strategies have been studied in the past decades. However, the role of metabolic syndrome 

in recurrent preeclampsia was not evaluated yet. It is plausible that women with persisting 

metabolic syndrome are more susceptible to recurrent preeclampsia. In a retrospective 

cohort study of 197 women, we tested the hypothesis that the risk of recurrent preeclampsia 

is increased in women with inter-pregnancy metabolic syndrome compared with formerly 

preeclamptic women without metabolic syndrome. 

In chapter five we tested the hypothesis that in women with a history of preeclampsia the 

concomitant presence of metabolic syndrome and low plasma volume acts synergistically 

and raises the prevalence of recurrent preeclampsia, as compared with women without 

metabolic syndrome with a normal plasma volume. The interaction between those profiles 

and the combined effect on the risk of recurrent preeclampsia is still unclear. 

Chapter six compares three definitions of metabolic syndrome. In this chapter we 

determined the prevalence of metabolic syndrome in 197 formerly preeclamptic women 

according to definitions of metabolic syndrome (World Health Organization, International 

Diabetes Federation and Third Adult Treatment Panel updated) to evaluate agreement 

among definitions and to compare the risk of recurrent preeclampsia.

In chapter seven the results of this thesis are discussed, clinical implications are highlighted 

and implications for further research will be provided. 

remodelling, which is confirmed by echocardiographic studies of uncomplicated pregnancies 

demonstrating an excessive increase in left ventricular mass and associated altered heart 

function.54,55 In pregnancy complicated by hypertension, cardiac remodelling is diminished. 

Preeclampsia is associated with altered cardiac geometry, impaired myocardial relaxation 

and diastolic dysfunction.56,57 Diastolic dysfunction is clinically important because it accounts 

for approximately half of all hospital admissions for acute heart failure and is of prognostic 

value in the prediction of long-term cardiovascular morbidity.58,59 Increased prevalence of 

diastolic dysfunction has also been seen in the metabolic syndrome. Non-pregnant individuals 

with the metabolic syndrome and normal left-ventricular systolic function frequently show 

abnormalities in left-ventricular diastolic function.60,61 

In summary, several pathophysiological mechanisms, including endothelial dysfunction, low 

plasma volume and impaired maternal heart function seem to cooperate along the pathway 

linking metabolic syndrome with preeclampsia and future cardiovascular disease. Better 

understanding of the link between metabolic syndrome and preeclampsia would improve 

risk selection and guide therapy, with the ultimate goal to reduce future gestational and 

cardiovascular disease in young women.

Outline of this thesis

Chapter two studies the hypothesis that the metabolic syndrome is associated with early-

onset rather than with late-onset vascular complicated pregnancy. It is well-known that 

early-onset preeclampsia has a larger impact on the fetus and neonate, due to more severe 

prematurity and dysmaturity, and is related to unfavourable maternal consequences.62,63 There 

is evidence that cardiovascular disease risk after early-onset preeclampsia is higher compared 

to the risk after late-onset of the disease.14 This raises the question whether the metabolic 

syndrome is partly responsible for this difference. Therefore, we determined prevalences 

of the metabolic syndrome in a retrospective cohort study in 849 women, comparing early- 

versus late-onset vascular complicated pregnancies, including preeclampsia.

Chapter three evaluates cardiac diastolic function in women with a recent history of vascular 

complicated pregnancy and concomitant metabolic syndrome. Diastolic dysfunction is 

regarded as one of the first circulatory markers of imminent cardiovascular disease.64 In a 

cohort of 301 women we tested the hypothesis that women with metabolic syndrome after 

vascular complicated pregnancy have reduced cardiac diastolic functions as compared to 

women without metabolic syndrome. 
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Introduction

Preeclampsia and other vascular disorders in pregnancy, such as gestational hypertension; 

hemolysis, elevated liver enzymes, low platelets (HELLP) syndrome; eclampsia; placental 

abruption; fetal growth restriction; and stillbirth as a result of placental insufficiency, 

complicate up to 10% of all pregnancies, accounting for considerable maternal and 

neonatal morbidity and mortality.1,2 To date, vascular-complicated pregnancies are thought 

to be superimposed on a wide range of maternal constitutional conditions including the 

metabolic syndrome. The metabolic syndrome, firstly defined in 1998 by the World Health 

Organization (WHO), is characterized by the concomitant presence of insulin resistance, 

dyslipidemia, hypertension, and obesity, and it is known to be an independent risk factor 

for non-insulin-dependent diabetes mellitus and cardiovascular disease.3-5 Circulating lipid 

levels and insulin resistance rise in the course of normal pregnancy.6 Preeclampsia differs 

from normal pregnancy by the development of a more pronounced dyslipidemia and insulin 

resistance, suggesting that preeclampsia develops in concert with enhanced metabolic 

syndrome.7-9 Early- and late-onset vascular complications in pregnancy appear to be different 

disorders with overlapping clinical signs.10,11 It is generally known that early-onset vascular 

disorder in pregnancy has a larger impact on the fetus and neonate than late-onset disease 

due to more severe prematurity and dysmaturity.12 The unfavorable long-term maternal 

consequences for women with a history of early-onset hypertensive disorder in pregnancy 

are increasingly known.13,14 These observations raise the question whether the metabolic 

syndrome predisposes equally to both types of vascular disorder-complicated pregnancy. 

This study was designed to test the hypothesis that the metabolic syndrome is associated 

with early-onset rather than with late-onset vascular-complicated pregnancy. 

Methods

To test our hypothesis, we conducted a retrospective cohort study in women after pregnancy 

complicated by preeclampsia or another vascular-related disorder in pregnancy. Between 

September 1996 and August 2006, we evaluated a cohort of 849 women. They were recruited 

at the 6 weeks postpartum outpatient follow-up in three tertiary referral hospitals in the 

Netherlands. Women diagnosed with at least one of the following disorders during former 

pregnancy were included: preeclampsia, gestational hypertension, the HELLP syndrome, 

eclampsia, placental abruption, fetal growth restriction, and stillbirth as a result of placental 

insufficiency. 

Abstract

Objective
To determine the prevalence of the metabolic syndrome postpartum in women with a 

history of pregnancy complicated by early-onset vascular disorders compared with women 

with late-onset disorders. 

Methods
In this retrospective cohort study 849 women with a history of pregnancy complicated 

by vascular disorders (preeclampsia; gestational hypertension; hemolysis, elevated liver 

enzymes, low platelets syndrome; eclampsia; placental abruption; fetal growth restriction; 

and stillbirth as a result of placental insufficiency) were divided into early-onset (delivery 

before 32 weeks of gestation, n=376) and late-onset (delivery at or beyond 32 weeks, 

n=473). By use of four internationally accepted criteria to diagnose metabolic syndrome, 

we compared its prevalence in both groups using odds ratios (ORs), adjusted for maternal 

age, smoking, alcohol and coffee consumption, birth weight centile, stillbirth, and interval 

between delivery and measurements. 

Results
The metabolic syndrome was present in 15–25% of women after early-onset vascular-

complicated pregnancy and in 10–14% of women after late-onset disease, depending on 

the criteria set used; adjusted OR 2.51 (95% confidence interval [CI] 1.66–3.80) using World 

Health Organization criteria; adjusted OR 2.01 (95% CI 1.37–2.96) using International Diabetes 

Federation criteria; adjusted OR 2.16 (95% CI 1.31–3.55) using Third Adult Treatment Panel 

(ATPIII) criteria; and adjusted OR 2.02 (95% CI 1.28–3.17) using Third Adult Treatment Panel 

updated criteria. 

Conclusion
The prevalence of the metabolic syndrome postpartum is twice as high in women with a 

history of early-onset (delivery before 32 weeks) compared to late-onset vascular-complicated 

pregnancy (delivery at or beyond 32 weeks). 
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alcohol consumption, coffee use, and smoking, were obtained from chart-revision and 

interview-based self-report. 

Women were divided into two groups according to gestational age at delivery: an early-onset 

group with delivery before 32 weeks and a late-onset group with delivery at or beyond 32 

weeks of pregnancy. 

The primary outcome measure of the study was the presence of metabolic syndrome. 

Participants were classified as having metabolic syndrome if they fulfilled internationally 

accepted criteria specified by the WHO,3 International Diabetes Federation,17 Third Adult 

Treatment Panel,18 or the Third Adult Treatment Panel updated version.19 Adjustments were 

made concerning the WHO criteria: in this study, no oral glucose tolerance test was performed, 

and hyperinsulinemia was defined using cutoff values for insulin and/or homeostasis model 

assessment of higher than the mean plus two times the standard deviation for a healthy 

population at a comparable time elapsed after uneventful pregnancy.16 As most women 

experience changes in waist circumference due to a larger gap between both abdominal 

rectus muscles in the first year after giving birth, Third Adult Treatment Panel updated criteria 

were modified by using BMI 30 kg/m2 or greater instead of female waist greater than 88 cm 

as a cutoff value to determine obesity. Modified International Diabetes Federation criteria 

uses BMI 25 kg/m2 or greater instead of female waist greater than 80 cm. In accordance with 

the official criteria of metabolic syndrome mentioned above, women taking antihypertensive 

drugs were considered to have hypertension, and women taking insulin were considered to 

have insulin resistance. 

Secondary outcome measures included the single features of metabolic syndrome, including 

blood pressure, BMI, (micro)albuminuria, proteinuria, glucose, insulin, homeostasis model 

assessment, triglycerides, and high-density lipoprotein. 

Sample size was calculated for the primary outcome, metabolic syndrome, using a power 

formula with an alpha level of 0.05 and a power of 90%. The expected incidence of metabolic 

syndrome after late-onset vascular-complicated pregnancy was approximately 12.5%. 

Allowing detection of a change in the primary outcome from 12.5% in the late-onset group 

to 20% in the early-onset group, the total number of women needed using this calculation 

was 822. 

Statistical analysis was performed using SPSS 16.0 (SPSS Inc, Chicago, IL). Outcome measures 

are presented as odds ratios and 95% confidence intervals (CIs) to quantify the risk of 

women in the early-onset group in comparison with the risk of women in the late-onset 

Preeclampsia, gestational hypertension, and HELLP syndrome were defined according to the 

criteria of the Report of the National High Blood Pressure Education Program Working Group 

on High Blood Pressure in Pregnancy.1 Briefly, the presence of blood pressure of 140/90 

mmHg or above on two occasions 6 hours apart before labor was considered to represent 

gestational hypertension. Additionally, women who had proteinuria in excess of 0.3 g/24 

hours or a positive qualitative result (dipstick 2+ or greater) were diagnosed as having 

preeclampsia. Eclampsia was defined as the occurrence of epileptic seizures in preeclamptic 

women who were not diagnosed with epilepsy in the past. In this study, placental abruption 

was diagnosed on a clinical basis: vaginal bleeding, uterine tenderness, fetal distress, 

maternal shock, and/or maternal coagulopathy. We defined fetal growth restriction as 

a neonatal birth weight below the tenth centile of our general population. Stillbirth was 

supposed to be the result of placental insufficiency in case of fetal death after 24 weeks of 

gestation and signs of placental insufficiency at pathological examination. For this study, we 

excluded women with multiple pregnancy, delivery before 24 weeks of gestation, and fetal 

growth restriction based on congenital malformation, chromosomal abnormalities, or drug/

alcohol abuse during pregnancy. The study was approved by the hospital’s medical ethical 

committee (CMO 2007/252). 

Participants were scheduled for a visit with a nurse who performed measurements. At 

the time of evaluation, participants were at least 6 months postpartum. Women taking 

antihypertensive drugs discontinued their medication at least 2 weeks before measurement 

for the purpose of the study, and none of the participants used hormonal contraceptives. 

After an overnight fast, blood specimens were collected to determine the following variables 

by standard hospital laboratory procedures: glucose, insulin, hemoglobin A1c, high-density 

lipoprotein, and triglycerides. The ratio of fasting glucose and insulin (homeostasis model 

assessment index) was calculated (insulin [milliunits/L] X glucose [mmol/L]/22.5) to estimate 

insulin resistance as detailed elsewhere.15,16 In a 24-hour urine collection, we measured the 

concentrations of albumin, protein, and creatinine to define (micro)albuminuria corrected 

for creatinine output and the 24-hour protein excretion. Arterial blood pressure was 

measured after 5 minutes rest in supine position by using the mean values of ten blood 

pressure recordings assessed during 30 minutes of monitoring at the right upper arm using 

a semiautomatic oscillometric device (Dinamap Vital Signs Monitor 1846; Critikon, Tampa, 

FL). Height and weight were measured to calculate body mass index (BMI). Clinical data 

concerning the index pregnancy and delivery were retrospectively extracted from medical 

files, including type of obstetric disorder and fetal birth weight, sex, and gestational age 

at time of delivery. Neonatal birth weight centile was determined using Dutch reference 

values for birth weight, which are standardized for parity and the infant’s sex. Data on the 

participant’s general medical and obstetric history, medication use, lifestyle habits including 
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Table 3 lists the prevalence of the metabolic syndrome in both groups, presented as 

percentages, (un)adjusted odds ratios, and 95% CIs. In this study, the overall prevalence of 

metabolic syndrome in the total study population was 17%, 19%, 10% and 13%, according to 

the criteria of the WHO, International Diabetes Federation, Third Adult Treatment Panel and 

Third Adult Treatment Panel updated, respectively. The prevalence of metabolic syndrome 

in the early-onset group was significantly higher than in the late-onset group. The odds 

ratio differed for each definition used, but was consistently higher in the early-onset group 

irrespective the definitions used, also after adjustment for maternal age, smoking, alcohol, 

coffee use, birth weight centile, stillbirth, and interval between delivery and measurements. 

The rates of the individual characteristics contributing to the metabolic syndrome are 

presented in Table 4, including the (un)adjusted odds ratios with 95% CIs. All single features 

were different between the two groups, except for fasting blood glucose greater than 6.1 

mmol/L. 

Table 1. Demographic features and clinical variables of women with a history of early- and late-onset 
vascular disorder in pregnancy 

GA at delivery
Less than 32 weeks 
(n=376)

At or beyond 32 weeks 
(n=473)

P-value

Age (years)    31.0±4.3 32.1±4.0 .001
Primiparous 78.7 79.5 .78
Interval between delivery and 
measurements (weeks)

36 (32–66) 52 (35–107) <.001

Smoking* 22.0 13.6 .001
Alcohol* 13.1 19.6 .01
Coffee* 66.2 56.6 .005
Gestational age (weeks) 28.6±2.8 35.8±2.5 <.001
Fetal birth weight (g) 883 (640–1140) 2100 (1725–2642) <.001
Birth weight centile 8 (4–16) 21 (9–40) <.001
Preeclampsia 82.6 77.8 .09
HELLP syndrome 63.4 64.0 .87
Eclampsia 7.8 8.2 .80
Placental abruption 4.8 4.5 .87
Stillbirth 20.5 5.1 <.001
Insulin-dependent diabetes 1.7 1.1 .55
Antihypertensive medication** 29.5 22.9 .14

GA, gestational age; HELLP, hemolysis, elevated liver enzymes, low platelets. 
Data are percentage, mean±standard deviation, or median (interquartile range). 
Statistics: Chi-square, Student t test, or Wilcoxon rank sum test. 
* Percentages reflect smoking, alcohol, and coffee intake postpartum. 
** Women taking antihypertensive medication discontinued their medication at least 2 weeks before measurement 
for the purpose of the study. 

group. We performed multivariable logistic regression to calculate adjusted odds ratios. 

Adjustments were made for maternal age, smoking, alcohol intake, coffee use, birth weight 

centile, stillbirth, and interval between delivery and measurements. The multivariable model 

was constructed starting with all potential confounders included, followed by sequentially 

removing all variables with insignificant probability. Data distribution was evaluated using 

histograms and quantile-quantile plots. Continuous data were tested for normality using 

the Kolmogorov-Smirnov method and reported as either mean or standard deviation for 

normally distributed data or as median and interquartile range for skewed data. Comparisons 

between groups were performed using Student t test or Wilcoxon rank sum test, whichever 

appropriate. Proportions are presented as percentages and compared with the Chi-square 

test. P<.05 was considered statistically significant. 

Results

A total of 876 eligible women was included in our study population. Awaiting evaluation, eight 

women conceived again, and one refrained from further participation. Information about 

the index pregnancy was incomplete in 18 cases. The remaining 849 women were included 

in the analysis and categorized into two groups: the early-onset group (delivery before 32 

weeks, n=376) and the late-onset group (delivery at or beyond 32 weeks, n=473). Baseline 

characteristics and clinical variables are listed in Table 1. Mean gestational age at delivery 

was 28.6±2.8 weeks in the early-onset group and 35.8±2.5 weeks in the late-onset group. 

The median interval between delivery and measurements was 36 weeks in the early-onset 

group and 52 weeks in the late-onset group. As compared with the late-onset group, the 

early-onset group was younger, smoked more often, consumed more coffee but used fewer 

alcohol-containing beverages, had a four-times-higher rate of stillbirth, and had a lower mean 

birth weight centile. All participants had at least one vascular complication in the preceding 

pregnancy, with preeclampsia being the most common. The distribution of participants 

among the three participating hospitals was similar in the groups. The mean gestational age 

at delivery was 32.9±5.0, 32.5±4.3, and 32.9±4.2 weeks in the three participating hospitals. 

Table 2 lists the intergroup comparison of each of the individual factors contributing to 

the metabolic syndrome. Data showed differences for almost all variables. Women in the 

early-onset group differed from the late-onset group by a higher BMI, fasting blood glucose, 

insulin, hemoglobin A1c, homeostasis model assessment, triglycerides, (micro)albuminuria, 

and blood pressure and by lower high-density lipoprotein levels. The 24-hour urinary protein 

output was comparable in the two groups. 

24   25

2 2

CHAPTER 2 METABOLIC SYNDROME AND EARLY-ONSET PREECLAMPSIA



Figure 1. Odds ratios for the prevalence rates of metabolic syndrome, calculated for six gestational age groups 
compared with at-term delivery (gestational age greater than 37 weeks). A. Metabolic syndrome defined by 
using World Health Organization criteria. B. Metabolic syndrome defined by using International Diabetes 
Federation criteria. C. Metabolic syndrome defined by using Third Adult Treatment Panel criteria. D. Metabolic 
syndrome defined by using Third Adult Treatment Panel updated criteria. 
CI, confidence interval.  

Table 2. Metabolic variables of women after an early- and late-onset vascular disorder in pregnancy 

GA at delivery

Less than 32 weeks 
(n=376)

At or beyond 32 weeks 
(n=473)

P-value

BMI (kg/m2)  25.1 (22.1–29.1) 23.8 (21.3–27.4) <.001
Fasting blood glucose (mmol/L) 5.1 (4.7–5.5) 5.0 (4.7–5.3) .01
Hb A1c (%) 5.2 (4.9–5.5) 5.2 (5.0–5.5) .005
Fasting insulin (milliunits/L) 11.0 (7.9–15.0) 8.8 (6.0–12.0) <.001
HOMAIR 2.46 (1.67–3.54) 1.88 (1.35–2.88) <.001
HDL cholesterol (mmol/L) 1.3 (1.1–1.6) 1.4 (1.2–1.6) .04
Triglyceride (mmol/L) 0.98 (0.70–1.40) 0.83 (0.61–1.18) <.001
Proteinuria (g/24 hours) 0.11 (0.08–0.17) 0.11 (0.08–0.16) .61
Microalbuminuria (g/mol creatinine) 1.1 (0.6–3.0) 0.9 (0.6–1.8) .002
Systolic blood pressure (mmHg) 121 (113–133) 117 (109–128) <.001
Diastolic blood pressure (mmHg) 74 (67–83) 72 (66–80) .002

BMI, body mass index; GA, gestational age; Hb A1c, hemoglobin A1c; HDL, high-density lipoprotein; HOMAIR, 
homeostasis model assessment of insulin resistance. 
Data are median (interquartile range). 
Statistics: Wilcoxon rank sum test. 

Table 3. Prevalence of the metabolic syndrome* and odds ratios before and after adjustment for confounding 
variables comparing women with a history of early- and late-onset vascular disorder in pregnancy 

GA at delivery
Metabolic Syndrome** Less than 32 weeks 

(n=376)
At or beyond 32 
weeks (n=473)

Unadjusted OR 
(95% CI)

Adjusted OR*** 

(95% CI)
WHO criteria 85/347 (24.5) 53/453 (11.7) 2.45 (1.68–3.57) 2.51 (1.66–3.80) 
IDF criteria 94/372 (25.3) 67/468 (14.3) 2.02 (1.43–2.87) 2.01 (1.37–2.96)
ATP III criteria 52/373 (13.9) 36/471 (7.6) 1.96 (1.25–3.07) 2.16 (1.31–3.55)
ATP III updated criteria 62/373 (16.6) 46/470 (9.8) 1.84 (1.22–2.77) 2.02 (1.28–3.17)

ATP, Adult Treatment Panel; CI, confidence interval; GA, gestational age; IDF, International Diabetes Federation; OR, 
odds ratio; WHO, World Health Organization.
Data are n/N (%).
* As defined by the World Health Organization, International Diabetes Federation, Third Adult Treatment Panel and 
Third Adult Treatment Panel updated. 
** The variable metabolic syndrome was handled as a missing value if two or more single features that are used to 
define the metabolic syndrome were missing. 
*** Adjustments for maternal age (continuous variable), smoking (number of cigarettes), alcohol consumption 
(drinks per week), use of coffee (cups per day), birth weight centile, stillbirth (yes/no), and interval between delivery 
and measurements (weeks) were performed using logistic regression.

The odds ratios of metabolic syndrome as a function of gestational age at delivery are 

presented in Figure 1, with the risk at term defined as reference value. In this comparison, 

consistently higher odds of having metabolic syndrome were shown in all gestational age 

groups before 32 weeks compared with the groups of women who delivered at or beyond 

32 weeks. 
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Table 4. (continued)
** Metabolic syndrome defined by using modified WHO criteria: oral glucose tolerance test was not performed, cut- 
off values for insulin and HOMAIR were based on mean plus two times standard deviation in a healthy population; 
BMI of at least 30 kg/m2 was used instead of female waist circumference greater than 88 cm. 
*** Metabolic syndrome defined by using modified IDF criteria: BMI 25 kg/m2 or greater was used instead of female 
waist circumference greater than 80 cm. 
**** Metabolic syndrome defined by using modified ATPIII (updated) criteria: BMI of at least 30 kg/m2 was used 
instead of female waist circumference greater than 88 cm. 

Discussion

In this study, we observed a twofold higher prevalence of the metabolic syndrome in women 

after vascular-complicated pregnancy when they delivered before 32 weeks of gestation as 

compared with at or beyond 32 weeks. This difference was independent of criteria used to 

define the metabolic syndrome and persisted after correction for confounders. 

Several studies provided evidence for preeclampsia to develop in concert with an enhanced 

form of the metabolic syndrome.20-21 Others reported postpartum persistence, not only of 

preeclampsia-related abnormalities, such as endothelial dysfunction, but also of metabolic 

syndrome-related abnormalities, such as insulin resistance and dyslipidemia.22-23 

There is increasing evidence for a different pathogenesis of early-onset and late-onset 

preeclampsia.10-11 Particularly, women with a history of early-onset preeclampsia have an 

elevated risk of developing cardiovascular morbidity at middle age.14,24-26 A large follow-up 

study provided evidence of an increased risk of dying because of cardiovascular disease after 

early-onset and a lower risk after late-onset preeclampsia (hazard ratio 8.12 [95% CI 4.31–

15.33] and 1.65 [95% CI 1.01–2.07], respectively).14 This raises the question whether this 

effect is secondary to the ‘acquired’ metabolic syndrome during pregnancy in these women 

or to an ‘inherited’ accelerated aging of the cardiovascular system. In addition, Clausen 

et al27 found that dyslipidemia before 20 weeks of pregnancy is related to early-onset 

preeclampsia. Furthermore, Lampinen et al28 reported that severity and gestational age at 

onset of the preeclampsia were related to later insulin sensitivity. The authors reported that, 

in formerly preeclamptic women, increased central obesity with unfavorable lipid profile only 

predisposed to lower insulin sensitivity at middle age after severe early-onset preeclampsia. 

These data not only support the view of a preexistent metabolic syndrome in pregnancy 

expediting onset of a vascular related complication in pregnancy, but they also suggest that 

the early-onset form of the disease in a woman with the metabolic syndrome might be 

related to increased risk of developing cardiovascular morbidity in middle age. 

Table 4. Prevalence of the single features of the metabolic syndrome and odds ratios before and after 
adjustment for confounding variables, comparing women with a history of early- and late-onset vascular 
disorder in pregnancy

GA at delivery
Less than 32 
weeks (n=376) 

At or beyond 32 
weeks (n=473) 

Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI)* 

WHO criteria**
Hyperinsulinemia 

Fasting insulin 9.2 milliunits/L or 
greater or 

208/348 (59.8) 187/436 (42.9) 1.98 (1.49–2.63) 1.96 (1.42–2.69) 

Fasting blood glucose 6.1 mmol/L or 
greater or 

24/363 (6.6) 20/453 (4.4) 1.53 (0.83–2.82) 1.47 (0.68–3.20) 

HOMAIR 2.2 or greater 192/340 (56.5) 167/430 (38.8) 2.04 (1.53–2.73) 2.22 (1.60–3.07)
And two or more of the following 
features 

BMI 30 kg/m2 or greater 80/375 (21.3) 63/473 (13.3) 1.77 (1.23–2.54) 1.80 (1.20–2.70) 
Hyperlipidemia (Triglycerides 
1.69 mmol/L or greater or HDL 
cholesterol 0.9 mmol/L or less) 

89/370 (24.1) 73/470 (15.5) 1.72 (1.22–2.43) 1.64 (1.12–2.40) 

Hypertension (systolic BP 140 mmHg 
or greater or diastolic BP 90 mmHg 
or greater) 

116/367 (31.6) 108/466 (23.2) 1.53 (1.13–2.08) 1.42 (1.01–2.01) 

(Micro)albuminuria 
(microalbuminuria 0.30 g/mol or 
greater or proteinuria 0.30 g/24 h 
or greater) 

108/328 (32.9) 97/422 (23.0) 1.65 (1.19–2.27) 1.52 (1.06–2.17)

IDF criteria***
BMI 25 kg/m2 or greater 188/375 (50.1) 186/473 (39.3) 1.55 (1.18–2.04) 1.45 (1.07–1.96) 
And two or more of the following 
features  

Triglycerides 1.69 mmol/L or more 65/375 (17.3) 50/471 (10.6) 1.77 (1.19–2.63) 2.23 (1.40–3.58) 
HDL cholesterol 1.29 mmol/L or less 159/369 (43.1) 158/469 (33.7) 1.49 (1.13–1.97) 1.40 (1.02–1.92) 
Hypertension (systolic BP 130 mmHg 
or greater or diastolic BP 85 mmHg 
or greater)  

149/367 (40.6) 139/466 (29.8) 1.61 (1.21–2.14) 1.46 (1.06–2.02) 

Fasting blood glucose 5.5 mmol/L 
or greater

99/363 (27.3) 77/453 (17.0) 1.83 (1.31–2.57) 1.79 (1.23–2.60) 

ATP III criteria****
Three or more of the following features 

BMI 30 kg/m2 or greater 80/375 (21.3) 63/473 (13.3) 1.77 (1.23–2.54) 1.80 (1.20–2.70) 
Triglycerides 1.69 mmol/L or greater 65/375 (17.3) 50/471 (10.6) 1.77 (1.19–2.63) 2.23 (1.40–3.58) 
HDL cholesterol 1.29 mmol/L or less 159/369 (43.1) 158/469 (33.7) 1.49 (1.13–1.97) 1.40 (1.02–1.92) 
Hypertension (systolic BP 130 mmHg 
or greater or diastolic BP 85 mmHg 
or greater) 

149/367 (40.6) 139/466 (29.8) 1.61 (1.21–2.14) 1.46 (1.06–2.02) 

Fasting blood glucose 6.1 mmol/L 
or greater

24/363 (6.6) 20/453 (4.4) 1.53 (0.83–2.82) 1.47 (0.68–3.20) 

ATP III updated criteria****
Criteria are same as ATP III, except for 
fasting blood glucose 5.5 mmol/L or 
greater 

99/363 (27.3) 77/453 (17.0) 1.83 (1.31–2.57) 1.79 (1.23–2.60)

ATP III, Third Adult Treatment Panel; BMI, body mass index; BP, blood pressure; CI, confidence interval; GA, 
gestational age; HDL, high density lipoprotein; HOMAIR, homeostasis model assessment of insulin resistance; IDF, 
International Diabetes Federation; OR, odds ratio; WHO, World Health Organization.
Data are n/N (%). 
* Adjustments for maternal age (continuous variable), smoking (number of cigarettes), alcohol consumption (drinks 
per week), coffee consumption (cups per day), birth weight centile, still birth (yes/no), and interval between delivery 
and measurements (weeks) were performed using logistic regression. 
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Introduction

Placental syndromes, including gestational hypertension, preeclampsia, hemolysis, elevated 

liver enzymes, and low platelets (HELLP) syndrome, placental abruption and fetal growth 

restriction, complicate one of ten pregnancies. These placental syndromes seem to be 

superimposed upon preexisting disorders that are capable of jeopardizing placental and 

vascular function.1-3 Maternal risk factors, such as hypertension, obesity, diabetes, and 

dyslipidemia, all predispose to placental syndromes.2-4 However, these are not the sole 

aspects in the etiology. Fetal factors that increase placental mass, such as multiple gestation 

or molar pregnancy, also increase the risk of a placental syndrome.2,3 Many of the factors 

that predispose to placental syndromes are consistent with the metabolic syndrome.5 

The metabolic syndrome plays a central role in the etiology of cardiovascular disease.6 

Interestingly, women with a history of a placental syndrome run a more than twofold higher 

risk of developing cardiovascular disease. This information raises the question as to whether 

the metabolic syndrome plays a key role in the etiology of remote vascular disease in these 

women.1,7,8 As treatment is available to reduce future cardiovascular risk, recommendations 

have been made to screen for the metabolic syndrome in women with a history of a 

placental syndrome. To date, no evaluations have been performed on the early signs of 

cardiovascular dysfunction in these women to identify those at risk.1,4 Currently, diastolic 

dysfunction is regarded as one of the first circulatory markers of imminent cardiovascular 

disease.9 It is characterized by impaired myocardial relaxation, decreased compliance and 

increased end-diastolic chamber filling pressures. Assessments can be made noninvasively 

using echocardiography.9-11 Because the presence of metabolic syndrome increases the risk 

of a placental syndrome and remote cardiovascular disease, it seems likely that diastolic 

dysfunction will be confined to these women.4 Therefore, we tested the hypothesis that 

women with a recent history of a placental syndrome and concomitant metabolic syndrome 

have reduced cardiac diastolic function. 

Methods

Three hundred one women with a recent history of a placental syndrome were enrolled in 

this study for final analysis. They were recruited at the outpatient clinic during follow-up, after 

referral from other hospitals for the detection of disorders associated with a former pregnancy 

complicated by a placental syndrome, or while receiving counseling before future pregnancy 

after having a pregnancy complicated by a placental syndrome. Only women with preeclampsia, 

HELLP syndrome, fetal growth restriction, eclampsia, placental abruption, and perinatal death 

caused by placental syndrome, or a combination of these, were included in the study, lasting 

Abstract

Objective
To estimate whether women with a recent history of a placental syndrome and concomitant 

metabolic syndrome have reduced cardiac diastolic function. 

Methods
In this cohort study, women with a history of a placental syndrome were included. We 

assessed body mass index, blood pressure, fasting serum lipids, glucose and insulin levels, 

and 24-hour urinary protein and albumin output after an interval of at least 6 months 

postpartum. Cardiac diastolic function was assessed by echocardiography. 

Results
Metabolic syndrome was found in 22% of the women evaluated. Diastolic dysfunction was 

seen in 24% of the women with the metabolic syndrome compared with 6.3% in those 

without (odds ratio 4.77, 95% confidence interval 2.18–10.41; adjusted odds ratio 6.09, 95% 

confidence interval 2.64–14.04). Univariable analysis showed that all the constituents of the 

metabolic syndrome related to diastolic dysfunction. 

Conclusion
In women with a history of placental syndrome complicating pregnancy, the presence of 

metabolic syndrome increases the risk of cardiac diastolic dysfunction fourfold. 
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lipoprotein cholesterol were determined enzymatically using an Aeroset analyser (Abbott 

Diagnostic Division, Abbott Part, IL). Fasting glucose (Beckman Glucose Analyzer 2; Beckman, 

Fullerton, CA) and insulin (PerkinElmer Life and Analytical Sciences; Wallac Oy, Turku, Finland) 

were determined using standard procedures. In 24-hour urine collection, albumin, protein, 

and creatinine concentrations were measured using standard procedures. Blood pressure 

(mmHg) and heart rate (beats per minute) were measured at 3-minute intervals during 30 

minutes in the supine position, on the right upper arm using a semiautomatic oscillometric 

device (Dinamap Vital Signs Monitor 1846; Critikon, Tampa, FL). The mean value of these 

measurements was used. Height and weight were measured to calculate body mass index.

Table 1. Prior maternal and fetal gestational complications 

No metabolic 
syndrome 
(n=239) 

Metabolic 
syndrome 
(n=62) 

Odds ratio 
(95% CI) 

Adjusted odds ratio* 
(95% CI) 

Early-onset placental syndrome: 
birth before 32nd gestational week 

109 (46) 32 (52) 1.27 (0.73–2.23) 1.42 (0.81–2.49) 

Gestational hypertension 19 (8) 5 (8) 1.02 (0.36–2.84) 0.94 (0.34–2.65)
Preeclampsia 47 (20) 13 (21) 1.08 (0.54–2.16) 0.99 (0.49–1.99)
HELLP syndrome 124 (52) 36 (58) 1.28 (0.73–2.26) 1.32 (0.75–2.32)
Eclampsia 17 (7) 1 (2) 0.21 (0.03–1.64) 0.22 (0.03–1.71)
Placental abruption 17 (7) 5 (8) 1.15 (0.41–3.24) 1.00 (0.33–3.00)
Fetal growth restriction 101 (42) 24 (39) 0.86 (0.49–1.53) 0.85 (0.47–1.51)
Intrauterine fetal death 33 (14) 11 (18) 1.35 (0.64–2.84) 1.35 (0.65–2.83)
Neonatal mortality 19 (8) 5 (8) 1.02 (0.36–2.84) 1.09 (0.38–3.09) 

CI, confidence interval; HELLP, hemolysis, elevated liver enzymes, and low platelets. 
Data are number of women (percentage). 
* Adjustments were made for age, smoking, and caffeine use. 

 
Table 2. Prior maternal and fetal gestational complications in women with or without concomitant impaired 
diastolic function 

Normal 
diastolic 
function 
(n=271) 

Impaired 
diastolic 
function 
(n=30) 

Odds ratio
(95% CI) 

Adjusted odds ratio* 
(95% CI) 

Early-onset placental syndrome: birth 
before 32nd gestational week 

121 (45) 20 (67) 2.48 (1.12–5.50) 2.91 (1.27–6.68) 

Gestational hypertension 20 (7) 4 (13) 1.93 (0.61–6.08) 2.55 (0.77–8.51)
Preeclampsia 51 (18) 9 (30) 1.85 (0.80–4.27) 2.31 (0.96–5.56)
HELLP syndrome 147 (54) 13 (43) 0.65 (0.30–1.38) 0.63 (0.29–1.38)
Eclampsia 15 (6) 3 (10) 1.90 (0.52–6.97) 1.52 (0.39–5.88)
Placental abruption 19 (7) 3 (10) 1.47 (0.41–5.30) 1.60 (0.42–6.11)
Fetal growth restriction 106 (39) 19 (63) 2.69 (1.23–5.87) 3.38 (1.44–7.96)
Intrauterine fetal death 36 (13) 8 (27) 2.37 (0.98–5.73) 2.23 (0.89–5.59)
Neonatal mortality 20 (7) 4 (13) 1.93 (0.61–6.08) 1.90 (0.57–6.34) 

CI, confidence interval; HELLP, hemolysis, elevated liver enzymes, and low platelets. 
Data are number of women (percentage). 
* Adjustments were made for age, smoking, and caffeine use. 

from August 2004 until October 2007. Preeclampsia, (gestational) hypertension, and the HELLP 

syndrome were defined according to the criteria presented in the report of the National High 

Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy.13 Fetal 

growth restriction was defined as an infant birth weight of below the tenth centile. Women were 

excluded from the analysis if fetal growth restriction was based on congenital malformation, 

chromosomal abnormalities, or drug or alcohol abuse during pregnancy. Eclampsia was defined 

as the occurrence of epileptic seizures in women otherwise not known to have epilepsy in the 

presence of preeclampsia. The ultimate maternal complication was reported in Tables 1 and 2. 

Eclampsia is reported irrespective of concomitant gestational hypertension, preeclampsia, or 

HELLP syndrome. In addition, HELLP syndrome was reported as the ultimate diagnosis above 

preeclampsia, which in turn, was reported above gestational hypertension. Placental abruption 

was diagnosed on the basis of clinical criteria (vaginal bleeding, concealed hemorrhage, uterine 

tenderness, fetal distress, maternal shock, maternal coagulopathy). Stillbirth was defined as 

fetal death after 24 weeks of gestation. All of the women who gave informed consent to use 

their clinical data for research and met the inclusion criteria were included. Information on the 

previous pregnancy outcome was extracted from the medical file. None of the women had 

any cardiac complaints. All the measurements were obtained at least 6 months postpartum to 

allow cardiovascular readjustment after pregnancy.12 All the women were asked to refrain from 

vitamins, antihypertensives, lipid-lowering therapy, oral contraceptives, or lactation for at least 

4 weeks before evaluation. Women with twin gestation or missing data were excluded from the 

final analysis. From the original 319 included women, 18 women were excluded because of the 

stated criteria. The study was approved by the hospital’s medical ethical committee (2007/252). 

Underlying conditions were not known to the researcher at the time of echocardiographic 

evaluation. 

The criteria of the World Health Organization were used to define the metabolic syndrome.14 

The metabolic syndrome was diagnosed if hyperinsulinemia was present along with two 

or more of the following variables: 1) obesity: body mass index 30 kg/m2 or greater, 2) 

dyslipidemia: triglycerides 1.69 mmol/L or greater, or high-density lipoprotein cholesterol 

0.9 mmol/L or less, 3) hypertension: systolic blood pressure 140 mmHg or greater, or 

diastolic blood pressure 90 mmHg or greater, and 4) microalbuminuria (2.5 g/mol creatinine 

or greater) or proteinuria (0.30 g or greater per 24 hours). Hyperinsulinemia was defined 

as fasting insulin 9.2 milliunits/L or greater (greater than 2 standard deviations of that of 

women in the healthy parous control group) or a fasting blood glucose 6.1 mmol/L or greater, 

or an elevated Homeostasis Model Assessment of insulin resistance 2.2 or greater, which was 

calculated as: (fasting insulin [milliunits/L] X fasting glucose [mmol/L]/22.5). Blood samples 

were collected after overnight fasting to determine triglyceride, high-density lipoprotein 

cholesterol, glucose, and insulin concentration. Serum levels of triglycerides and high-density 
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interval 56–104 mL) and an elevated left ventricular wall mass index (95% reference interval 

43–95 g/m2).15-17 

The Mann-Whitney U test was used to test differences between groups for statistical 

significance and are presented as median and interquartile range in case of continuous 

variables and the Chi-square test with the number and the percentage in case of categorical 

variables. Odds ratios were calculated by univariable logistic regression to study possible 

relations of the presence of a metabolic syndrome with each cardiac variable, separately. The 

dependent variable was metabolic syndrome (present, absent) and the independent variable 

was one of the cardiac variables. Multivariable logistic regression was used to account for 

possible confounding of age (continuous), smoking (yes, no), and caffeine use (yes, no) on 

the relations mentioned above. The dependent variable was again the metabolic syndrome 

(present, absent) and the independent variables were age, smoking, and caffeine use next 

to one of the cardiac variables, separately. To explore the contribution of the separate 

constituents of metabolic syndrome, a multivariable model was constructed starting with all 

parameters, followed by sequentially removing variables with insignificant probability. P<.05 

were considered statistical significant. SPSS 14 (SPSS Inc., Chicago, IL) was used for statistical 

analysis.

 

Results

Demographic and clinical characteristics are presented in Table 3. The metabolic syndrome 

was found in 22% (95% confidence interval [CI] 17–26%) (number needed to screen to detect 

metabolic syndrome is 5, 95% CI 4–6) of the women studied. Age, parity, smoking, and caffeine 

intake were comparable between the groups. Maternal and fetal gestational complications in 

the two groups are presented in Table 1. No associations were found between the absence 

or presence of the metabolic syndrome and maternal or fetal gestational complications. 

Variables of cardiac function are presented in Table 4. None of the women had a grade 2 

pseudonormal pattern during the Valsalva maneuver. Moreover, none of the women had 

grade 3 diastolic dysfunction. Further evaluations focused on the detection of early diastolic 

dysfunction. Although heart rate and cardiac output were higher in the metabolic syndrome 

group, cardiac index and left ventricular ejection fraction were comparable between the 

groups. There were differences in almost all the diastolic variables between the groups, 

consistent with impaired diastolic function in women with the metabolic syndrome. All 

patients were in sinus rhythm during the evaluation, and none had cardiac anomalies. Table 

5 shows the early diastolic function abnormalities (mild to grade 1 diastolic dysfunction) that 

deviated from the 95% reference interval of normal values from the appropriate age group. 

Echocardiographic measurements were recorded according to the recommendations of 

the American Society of Echocardiography.15,16 All women were examined in the semi-left 

lateral tilt position by ultrasonographers unaware of any underlying disorders, using a cross-

sectional phased array echocardiographic Doppler system (Philips IE 33; Philips Medical 

System, Eindhoven, the Netherlands, or a GE Vivid 7; GE Ultrasound, Milwaukee, WI). Cardiac 

output (L/min) was obtained by multiplying the stroke volume (mL) by the heart rate (beats 

per minute). Stroke volume was calculated by multiplying the mean aortic velocity integral 

of five consecutive ejections by the aortic area. Ventricular and atrial volumes and ejection 

fraction were measured on the two-dimensional apical two-chamber and four-chamber view. 

Left ventricular mass was determined from the M-mode left ventricular dimensions and 

indexed to body surface area. The left ventricular ejection fraction (%) was calculated from 

the equation: ([EDV–ESV]/EDV)X100, where EDV represents the end-diastolic volume and 

ESV represents end-systolic volume of the left ventricle. Diastolic function measurements 

included the transmitral early diastolic (E wave) and atrial (A wave) velocities, E wave 

deceleration time, A wave duration time, pulmonary vein systolic (S wave), diastolic (D wave) 

and atrial reversed (Arev wave) flow velocities and Arev wave duration. The assessment of the 

images was performed off-line using EchoPAC PC SW, by Vingmed UltrasoundV.6.2 (Horten, 

Norway). Mild to grade 1 diastolic dysfunction was diagnosed based on the guidelines of 

the American Society of Echocardiography.15,16 Grade 1 diastolic dysfunction was diagnosed 

when E/A wave ratios less than 1 in combination with S/D wave ratios of more than 1 were 

measured.15-17 Moreover, mild impaired diastolic dysfunction was diagnosed when the E/A 

wave ratio was more than 1, if the A wave velocity exceeded the 95% reference interval (95% 

reference interval 0.29–0.73 m/s) concomitant with an S/D wave ratio of more than 1, in 

combination with an S wave velocity exceeding the 95% reference interval (95% reference 

interval 0.24–0.64 m/s). Reference intervals from the appropriate age group were used.15,16 

This subclassification could identify women in the transition phase from normal to abnormal 

diastolic function. Grade 2 diastolic dysfunction (pseudonormal pattern) was defined as 

an E/A wave ratio more than 1, a short deceleration time (95% reference interval 139–193 

ms) and an S/D wave ratio less than 1. The Valsalva maneuver was used to differentiate 

a pseudonormal pattern from a normal one. Grade 3 diastolic dysfunction was defined as 

a high E/A wave ratio that exceeded the 95% reference interval (95% reference interval 

0.73–2.33), with a very short deceleration time and a short A wave duration (95% reference 

interval 102–152 ms), combined with an S/D wave ratio less than 1 and an Arev wave duration 

(95% reference interval 31–161 ms) that outlasted the A wave duration as a resulting of 

a noncompliant, high-pressure hemodynamic system. Images were judged on the basis of 

the whole record to exclude any juvenile patterns or default measurements. Indicators that 

contributed as markers of diastolic dysfunction were an enlarged left atrial volume (95% 

reference interval 22–52 mL), an increased left ventricle end diastolic volume (95% reference 
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Table 5. Early diastolic dysfunction in the study population 

No metabolic 
syndrome 
(n=239) 

Metabolic 
syndrome 
(n=62) 

Odds ratio 
(95% CI) 

Adjusted odds ratio* 
(95% CI) 

Reduced E wave velocity — —
Elevated A wave velocity 10 (4) 11 (18) 4.94 (1.99–12.25) 5.40 (2.12–13.75) 
Prolonged deceleration time 140 (59) 34 (55) 0.86 (0.49–1.51) 0.84 (0.48–1.47) 
Prolonged A wave duration 42 (18) 15 (24) 1.50 (0.77–2.93) 1.36 (0.69–2.68) 
Elevated S wave velocity 34 (14) 20 (32) 2.87 (1.51–5.47) 2.83 (1.49–5.39)
Reduced D wave velocity — 1 (2) 
Elevated atrial reversed flow velocity — 2 (3) 
Prolonged atrial reversed flow duration — —
S/D-ratio more than 1 119 (50) 44 (71) 2.47 (1.34–4.51) 2.49 (1.36–4.55) 
Enlarged left ventricle EDV 45 (19) 22 (35) 2.37 (1.28–4.38) 2.28 (1.20–4.32) 
Enlarged left atrial major volume 24 (10) 11 (18) 1.93 (0.89–4.20) 1.81 (0.81–4.06) 
Elevated left ventricle wall mass index 7 (3) 10 (16) 6.37 (2.32–17.53) 6.61 (2.45–17.83) 
Total diastolic dysfunction 15 (6) 15 (24) 4.77 (2.18–10.41) 6.09 (2.64–14.04) 
Mild diastolic dysfunction 10 (4) 7 (11) 2.91 (1.06–8.00) 4.47 (1.52–13.22) 
Grade 1 diastolic dysfunction 5 (2) 8 (13) 6.93 (2.18–22.03) 7.66 (2.35–24.96)

CI, confidence interval; EDV, end-diastolic volume. 
Data are number of women (percentage). 
* Adjustments were made for age, smoking, and caffeine use. 

Abnormal flow velocities were more common in the presence of the metabolic syndrome. 

Moreover, this group had a larger left ventricle end diastolic volume as well as an increased 

left ventricular mass index. All in all, diastolic dysfunction was diagnosed fourfold in women 

with metabolic syndrome. The adjusted odds ratio of diastolic dysfunction in women with 

metabolic syndrome is 6.09 (95% CI 2.64–14.04). The number needed to screen in the 

detection of diastolic dysfunction is 10 (95% CI 8–17). 

Table 6 shows the individual constituents of the metabolic syndrome in relation to normal 

or impaired diastolic function. In our group of women, 10% have mild or grade 1 diastolic 

dysfunction. Univariable analysis showed that each constituent of the metabolic syndrome 

contributed to the diastolic dysfunction. Although the number of events is not adequate to 

support multivariable analysis on all the factors in the interaction between the metabolic 

syndrome and diastolic dysfunction, preliminary evaluation indicates that only elevated 

diastolic blood pressure (adjusted odds ratio 5.71, 95% CI 2.02–16.12) and obesity (adjusted 

odds ratio 4.20, 95% CI 1.67–10.6) independently seem to contribute to the higher incidence 

of mild and grade 1 diastolic dysfunction. Table 2 shows maternal and fetal gestational 

complications in women with or without impaired diastolic function. Early-onset placental 

syndrome that resulted in birth before the 32nd week of gestation and fetal growth restriction 

were related to the presence of diastolic dysfunction. 

Table 3. Patient characteristics of women with or without metabolic syndrome 

No metabolic syndrome 
(n=239) 

Metabolic syndrome 
(n=62) 

P-value 

Maternal age (y) 32 (29–35) 33 (31–36) .10 
Primiparous (%) 143 (60) 33 (54) .17 
Smoking (%) 31 (13) 9 (14)  .91 
Caffeine (%) 129 (54) 39 (63)  .07 
BMI (kg/m2) 23 (21–25) 30 (25–33) <.01 
Glucose (mmol/L) 4.7 (4.5–5.0) 4.9 (4.7–5.4) <.001 
Insuline (milliunits/L) 8 (7–10) 14 (12–18.3) <.001 
Triglycerides (mmol/L) 0.89 (0.67–1.09) 1.4 (1.0–2.1) <.001 
HDL (mmol/L) 1.4 (1.2–1.6) 1.2 (1.0–1.4) <.001 
Microalbuminuria (g/mol creatinine) 0.8 (0.5–1.8) 1.3 (0.6–5.4) .01 
Proteinuria (g/24 hours) 0.09 (0.087–0.092) 0.1 (0.09–0.12) .001 
Systolic BP (mmHg) 114 (108–123) 129 (119–142) <.001 
Diastolic BP (mmHg) 68 (62–73) 77 (67–83) <.001 
Mean arterial blood pressure (mmHg) 83 (79–90) 96 (85–103) <.001 
Heart rate (bpm) 68 (61–73) 75 (66–81) <.001 
Birth weight (g) 1670 (940–2470) 1480 (875–2300) .65
Birth weight centile 11 (4–34)  12 (6–50) .18 
Gestational age at delivery (weeks) 31 1/7 (30 0/7–37 0/7) 31 6/7 (29 0/7–36 0/7) .19

BMI, body mass index; BP, blood pressure; bpm, beats per minute; HDL, high-density lipoproteins.
Results presented as median (interquartile range) or number of women (percentage). 
Statistics: Chi-square, or Mann-Whitney U test. 

Table 4. Cardiac systolic and diastolic function in subgroups 

No metabolic syndrome 
(n=239) 

Metabolic syndrome 
(n=62) 

P-value 

Stroke volume (mL) 70 (60–82) 37 (29–45) .42
Heart rate (bpm) 68 (62–73) 76 (67–81) <.001
Cardiac output (L/min) 4.5 (3.9–5.4) 4.9 (4.3–5.5) .01
Cardiac index (L/min/m2) 2.5 (2.2–3.0) 2.6 (2.3–2.9) .99
Left ventricular ejection fraction (%) 64 (60–68) 63 (57–70) .79
E wave (m/s) 0.79 (0.71–0.92) 0.77 (0.62–0.93) .08
Deceleration time (ms) 202 (178–235) 200 (169–237) .75
A wave (m/s) 0.50 (0.41–0.59) 0.58 (0.50–0.68) <.001
E/A wave ratio 1.64 (1.33–1.99) 1.33 (1.09–1.61) <.001
A wave duration (ms) 130 (113–147) 130 (119–147) .53
S wave (m/s) 0.53 (0.45–0.60) 0.58 (0.47–0.65) .02
D wave (m/s) 0.54 (0.46–0.61) 0.49 (0.42–0.57) .01
S/D wave ratio 0.98 (0.81–1.16) 1.16 (1.00–1.35) <.001
Atrial reversed flow velocity (m/s) 0.21 (0.19–0.24) 0.24 (0.21–0.27) .01
Atrial reversed flow duration (ms) 96 (83–109) 87 (74–102) .004
Left ventricle EDV (mL) 85 (72–100) 96 (76–113) .03
Left ventricle wall mass index (g/m2) 68 (59–77) 71 (63–83) .03
Left atrial major volume (mL) 37 (29–45) 40 (30–48) .16

bpm, beats per minute; EDV, end-diastolic volume. 
Data are median (interquartile range). 
Statistics: Mann-Whitney U test. 
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women with diastolic heart failure is greater than in men.26 Although it needs to be taken 

with caution, multivariable analysis indicated that obesity and diastolic hypertension seemed 

to be the strongest correlates to diastolic dysfunction. This finding needs to be confirmed. 

Blood pressure control and weight loss are likely to be important factors in modulating 

diastolic function. Hunt et al27 considered systolic and diastolic hypertension control to be 

one of the key modalities in the treatment of diastolic heart failure. It is very likely that 

these young women would benefit greatly from dynamic isotonic exercises because they 

not only lower blood pressure but also induce weight reduction, improve the lipid profile, 

reduce insulin resistance, and reverse diastolic dysfunction and pathological left ventricular 

hypertrophy.28 

Even normal pregnancy causes permanent changes in cardiovascular function.12,29 Because all 

of the women in our study have had one or more pregnancies, we considered any adaptational 

changes in cardiac function to be comparable between the participants. Diastolic function 

can be assessed using the classic methods, but currently, much information is being gathered 

from tissue velocity imaging.30 Our echocardiographies were obtained in the period of the 

emergence of these techniques in clinical practice and could not be systematically reevaluated 

in all patients. Because our findings consistently indicated that diastolic dysfunction was 

present, we consider that these new techniques would only confirm our current conclusions. 

Our study did not include a control group of women without a placental syndrome; 

therefore, it only provides information on diastolic dysfunction in relation to the metabolic 

syndrome, without having the opportunity to further explore the effects of the obstetric 

history. Nevertheless, our findings contribute to the care of women with a history of 

pregnancy complicated by a placental syndrome because diastolic function assessment 

might be a valuable diagnostic tool to identify those at risk at a very early stage. This would 

provide important opportunities for preventive care or treatment. Long-term follow-up of 

the participants in this study will serve as a means to assess the feasibility of this approach. 

After a placental syndrome, the presence of the metabolic syndrome increases the risk of 

cardiac diastolic dysfunction fourfold. Diastolic dysfunction is one of the first symptoms of 

imminent cardiovascular disease. Screening for and treatment of metabolic syndrome after 

placental syndrome may be effective in reducing remote cardiovascular morbidity in these 

women. 

Table 6. Different constituents of the metabolic syndrome in relation to diastolic function 

Normal 
diastolic 
function 
(n=271) 

Impaired 
diastolic 
function 
(n=30) 

Odds ratio
(95% CI) 

Adjusted odds ratio* 
(95% CI) 

Metabolic syndrome (WHO) 47 (17) 15 (50) 4.77 (2.18–10.41) 5.51 (2.33–13.01) 
Fasting insulin 9.2 milliunits/L or greater 117 (43) 19 (63) 2.27 (1.04–4.96) 3.21 (1.37–7.53) 
Fasting glucose 6.1 mmol/L or greater 9 (3) —
HOMAIR 2.2 or greater 100 (37) 18 (60) 2.57 (1.19–5.55) 3.61 (1.55–8.38) 
BMI 30 kg/m2 or greater 31 (11) 12 (40) 5.16 (2.27–11.73) 7.46 (2.99–18.59) 
Triglycerides 1.69 mmol/L or greater 31 (11) 8 (27) 2.82 (1.15–6.87) 2.80 (1.09–7.20) 
HDL 0.9 mmol/L or less 12 (4) 2 (7) 1.54 (0.33–7.24) 1.64 (0.31–8.71) 
Systolic BP 140 mmHg or greater 26 (10) 5 (17) 1.88 (0.66–5.34) 2.01 (0.67–6.06) 
Diastolic BP 90 mmHg or greater 20 (7) 7 (23) 3.82 (1.46–9.98) 3.28 (1.21–8.93) 
Microalbuminuria 2.5 g/mol creatinine or 
greater 

54 (20) 11 (37) 2.33 (1.05–5.18) 2.80 (1.19–6.58) 

Proteinuria 0.30 g/24 hours or greater 12 (4) 4 (13) 3.22 (1.00–11.04) 3.73 (1.01–13.82)

BMI, body mass index; BP, blood pressure; CI, confidence interval; HDL, high-density lipoprotein; HOMAIR, 
homeostasis model assessment of insulin resistance; WHO, World Health Organization.
Data are number of women (percentage). 
* Adjustments were made for age, smoking, and caffeine use. 

Discussion

As women with a history of a placental syndrome run a higher risk of developing remote 

cardiovascular disease, a role for the metabolic syndrome in the etiology of both has 

been proposed.1,2,4 We found diastolic dysfunction in 10% of the women studied. Diastolic 

dysfunction was present in one of four women with the metabolic syndrome compared with 

one of twenty in those without. These women had normal systolic function (indicated by 

comparable left ventricular ejection fraction and stroke volume), which was in line with the 

findings of others.18 In women with heart failure, it is well known that diastolic dysfunction 

with preserved systolic function is strongly related to mortality.19,20 The concept of a shared 

etiology supports the recommendation to evaluate cardiovascular function and the presence 

of risk factors in women with a history of a placental syndrome to identify those at risk 

of remote cardiovascular disease.4,21 The remote prognosis of women with endangered 

cardiac function is poorer than that of men. Many women and physicians are unaware that 

cardiovascular disease is the primary cause of female mortality.22 In developed nations, more 

women than men die from cardiovascular disease.23,24 The chain of care is often suboptimal 

compared with that in men, due to patient and doctor delay, partly as a result of atypical 

complaints.23-25 Furthermore, in women, normal exercise electrocardiogram and coronary 

angiogram results have poor predictive value. This may be related to female-specific aspects 

of cardiac dysfunction because, in contrast with systolic heart failure, the proportion of 
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Introduction

Preeclampsia, a vascular disorder in pregnancy, complicates 2–8% of pregnancies and 

contributes to considerable maternal and neonatal morbidity and mortality.1-3 Recurrence 

rates ranging from 13 to 65%, have been reported, depending on the population studied.4 

Several cardiovascular risk factors, such as dyslipidemia, insulin resistance, obesity and 

hypertension, all consistent with the metabolic syndrome, relate to preeclampsia, but a 

history of preeclampsia seems to be the best predictor of subsequent preeclampsia.5,6 

The metabolic syndrome, characterised by the concomitant presence of insulin resistance, 

dyslipidemia, hypertension and obesity, is also an independent risk factor for remote 

non-insulin-dependent diabetes mellitus and cardiovascular disease.7-9 In preeclamptic 

pregnancy, dyslipidemia and insulin resistance are more pronounced than in normal 

pregnancy.10,11 Several authors also report the persistence of these metabolic-syndrome-

related abnormalities after gestation, suggesting a pre-existing condition.12-14 

Metabolic syndrome stresses the endothelium mechanically and biochemically and raises 

the later risk of cardiovascular disease.7-9 As in preeclampsia endothelial dysfunction is one 

of the first signs of the disease, it is plausible that those women with persisting metabolic 

syndrome are more susceptible to recurrent preeclampsia. 

In this study we tested the hypothesis that the risk of recurrent preeclampsia is increased 

in women with inter-pregnancy metabolic syndrome compared with those formerly 

preeclamptic women without metabolic syndrome. 

 

Methods 

We conducted a retrospective cohort study in 480 women after pregnancy complicated by 

preeclampsia in the index pregnancy. Women were recruited at the postpartum outpatient 

clinic in three tertiary referral hospitals in the Netherlands (1996-2004). We included women 

diagnosed with preeclampsia in the index pregnancy. Women who delivered before 24 

weeks of gestation or who were pregnant with babies who had abnormalities or had higher 

order pregnancy were excluded. Participants did not use hormonal contraceptives and had 

discontinued any antihypertensive drugs at least 2 weeks before measurement. The study 

was approved by the hospital’s medical ethical committee (CMO 2007/252). 

Abstract

Objective
To compare the prevalence of recurrent preeclampsia between women who have and do not 

have metabolic syndrome when non-pregnant. 

Design
Retrospective cohort study. 

Setting
Three tertiary referral hospitals in the Netherlands. 

Population
Formerly preeclamptic women. 

Methods
The presence or absence of metabolic syndrome was assessed in 480 women at least 6 

months after their first preeclamptic pregnancy using World Health Organization criteria. 

We compared the prevalence of recurrent preeclampsia in the subsequent pregnancy, 

calculating odds ratios (OR), adjusted for confounders. 

Main outcome measure
Recurrence of preeclampsia in the subsequent pregnancy. 

Results
Subsequent pregnancy outcome data were available for 197 women. Forty women 

had metabolic syndrome after previous pregnancy (20%). The prevalence of recurrent 

preeclampsia was 18/40 (45%) in women with metabolic syndrome versus 27/157 (17%) 

in women without metabolic syndrome; OR 3.94 (95% confidence interval [CI] 1.86–8.33, 

adjusted OR 3.77 (95% CI 1.61–8.81). The risk of recurrent preeclampsia increased with 

each extra component of the metabolic syndrome from 11.8% for absent components up to 

43.9% for three or more (P for trend <.001). 

Conclusions
Inter-pregnancy metabolic syndrome predisposes to recurrent preeclampsia. 
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the subsequent pregnancy. 

Preeclampsia, gestational hypertension and HELLP syndrome were defined according to the 

criteria of the Report of the National High Blood Pressure Education Program Working Group 

on High Blood Pressure in Pregnancy.1 Fetal growth restriction was defined as a neonatal 

birth weight below the tenth centile of the national birth weight chart. 

Demographic, medical and obstetric data were extracted from medical files. Data were 

expressed as means plus or minus standard deviations or as medians with interquartile 

ranges for normally and non-normally distributed data, respectively. Distribution of data 

was evaluated using histograms and quantile-quantile plots. Normality of each variable 

was tested using the Kolmogorov-Smirnov method. Comparisons between groups were 

performed using unpaired Student t test for normally distributed data, Wilcoxon rank sum 

test for non-normally distributed variables, and Chi-square or Fisher exact test for categorical 

parameters. The Mantel extension test was used to evaluate linear trends across categories. 

A P-value <.05 (two-sided) was considered statistically significant. The primary outcome, 

prevalence of recurrent preeclampsia, was presented as n (%) and odds ratios with 95% 

confidence intervals, to compare the risk in women with metabolic syndrome with the risk in 

women without metabolic syndrome. Multivariable logistic regression was used to calculate 

odds ratios adjusted for maternal age, smoking, gestational age at index delivery, birth weight 

centile at index delivery, and interval between index delivery and assessment of metabolic 

syndrome. The statistical analysis was performed using the statistical software package SPSS 

16.0 (SPSS Inc., Chicago, IL, USA). 

Results 

We identified a total of 480 formerly preeclamptic women who underwent evaluation. 

Sixteen women had incomplete measurements of metabolic syndrome and were excluded 

from analyses. Of the remaining 464, subsequent pregnancy data were available in 197 

(42%) women. A total of 120 women did not have a subsequent pregnancy within the study 

period and 147 women were lost to follow up. Metabolic syndrome postpartum after the 

index pregnancy was present in 40 women (20%). A flow diagram of patient enrolment is 

presented in Figure 1. 

Table 1 shows baseline characteristics of all 464 women with preeclampsia in the index 

pregnancy, subdivided by category: women with a subsequent pregnancy, women who 

did not conceive again and women without data about a subsequent pregnancy. Women 

Women were scheduled for assessment at least 6 months postpartum in the nonpregnant 

state. Venous blood samples were collected after an overnight fast to analyse levels of 

glucose, insulin, high-density lipoprotein and triglycerides. The ratio of fasting glucose and 

insulin (homeostasis model assessment index) was calculated to estimate insulin resistance 

as detailed elsewhere.15,16 All participants collected 24-hour urine output to determine 

(micro) albuminuria corrected for creatinine output and the 24-hour protein excretion. 

Blood pressure was measured oscillometrically (Dinamap Vital Signs Monitor 1846; Critikon, 

Tampa, FL, USA) at the right upper arm, after 5 minutes rest in supine position by using the 

median values of ten blood pressure recordings at 3-minute intervals. We measured height 

and weight to calculate body mass index (BMI). 

Women were classified as having metabolic syndrome if they met the criteria specified by 

the World Health Organization (WHO), i.e. the presence of hyperinsulinemia in addition to 

at least two of the following criteria: obesity (body mass index ≥ 30 kg/m2), dyslipidemia 

(triglyceride ≥ 1.69 mmol/L, or high-density lipoprotein cholesterol ≤ 0.9 mmol/L), 

hypertension (systolic blood pressure ≥ 140 mmHg, or diastolic blood pressure ≥ 90 mmHg), 

albuminuria (microalbuminuria ≥ 2.5 g/mol creatinine, or proteinuria ≥ 0.30 g/24 hours).7 An 

adjustment was made concerning the WHO criteria: instead of performing an oral glucose 

tolerance test, hyperinsulinemia was defined using cut-off values for insulin or homeostasis 

model assessment of higher than the mean plus twice the standard deviation for a healthy 

population at a comparable time elapsed after uneventful pregnancy (fasting insulin ≥ 9.2 

milliunits/L, or fasting blood glucose ≥ 6.1 mmol/L, or homeostasis model assessment ≥ 2.2).16 

The primary outcome of the study was recurrence of preeclampsia in the subsequent 

pregnancy. A subsequent pregnancy was defined as an ongoing pregnancy beyond 24 weeks 

of gestation with known outcome. Information on subsequent pregnancy was obtained from 

medical files and, if not available, individual women were contacted. Minimum follow up was 

2 years after the assessment of metabolic syndrome. 

The recurrence risk for preeclampsia in a subsequent pregnancy was compared between the 

two main groups; women with inter-pregnancy metabolic syndrome and women without 

metabolic syndrome. Subsequently, we categorised women as having zero, one, two, or three 

or more components of the metabolic syndrome (hyperinsulinemia, obesity, dyslipidemia, 

hypertension and albuminuria), comparing those component-groups on the recurrence risk 

of preeclampsia. 

Secondary outcome measures included the prevalence of gestational hypertension, HELLP 

(haemolysis, elevated liver enzymes, low platelets) syndrome and fetal growth restriction in 
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Table 3 shows baseline characteristics and outcome parameters of the subsequent 

pregnancy. Interval between assessment of metabolic syndrome and delivery of subsequent 

pregnancy was comparable between both groups. Also, mean gestational age at delivery was 

comparable, both at term. 

Table 1. Baseline characteristics of total group of 464 women subdivided by category: with or without a 
subsequent pregnancy 

A. Women 
with 
subsequent 
pregnancy 
(n=197) 

B. Women who 
did not conceive 
again within study 
period (n=120) 

C. Women 
lost to 
follow-up 
(n=147) 

P-value
A versus B 

P-value 
A versus C 

Maternal age index pregnancy 
(years) 

29.1±3.5 30.9±3.6 30.7±4.6 <.001 <.001 

Primiparous* (%) 179/197
(90.9) 

85/120 
(70.8) 

117/147 
(79.6) 

<.001 .003 

Gestational age index pregnancy 
(weeks)

31.8±3.9 32.5±3.8 33.8±3.9 .14 <.001 

Fetal birth weight index pregnancy 
(g) 

1380 
(873–1950) 

1434 
(1015–1993) 

1770 
(1095–2475) 

.30 <.001 

Birth weight centile index 
pregnancy 

14 
(6–26) 

12 
(5–24) 

13 
(5–35) 

.32 .92 

Interval between index delivery 
and assessment of metabolic 
syndrome (months) 

13.2 
(9.6–22.8) 

13.0 
(8.4–20.4) 

14.4 
(8.4–28.8) 

.60 .22 

Metabolic syndrome postpartum 
after index pregnancy (%) 

40/197 
(20.3) 

16/120 
(13.3) 

15/147 
(10.2) 

.11 .01 

Smoking (%) 35/196 
(17.8)

25/120 
(20.8) 

22/146 
(15.0)

.51 .49 

Data are n/N (%), mean±standard deviation, or median (interquartile range). 
Statistics: Chi-square, Student t test, or Wilcoxon rank sum test. 
* Percentage of women that were primiparous at the time of assessment of metabolic syndrome. 

Table 2. Baseline characteristics and outcome parameters of the index pregnancy of the 197 women 
included in the analysis, comparing the metabolic syndrome group with the non-metabolic syndrome group 

Metabolic syndrome 
(n=40) 

Non-metabolic 
syndrome (n=157)

P-value

Maternal age at assessment of metabolic syndrome 
(years) 

30.0±4.1 30.3±3.4 .58

Primiparous* (%) 36/40 (90.0) 143/157 (91.1) .77
Gestational age index pregnancy (weeks) 30.7±3.6 32.1±3.9 .04
Fetal birth weight index pregnancy (g) 1095 (815–1508) 1458 (914–2060) .02
Birth weight centile index pregnancy 11 (6–24) 15 (6–26) .42
Interval between index delivery and assessment of 
metabolic syndrome (months) 

14.4 (8.4–27.6) 13.2 (9.6–20.4) .53

Smoking (%) 8/40 (20.0) 27/156 (17.3) .69

Data are n/N (%), mean±standard deviation, or median (interquartile range). 
Statistics: Chi-square, Fisher exact, Student t test, or Wilcoxon rank sum test. 
* Percentage of women that were primiparous at the time of assessment of metabolic syndrome. 

without data about a subsequent pregnancy were older, more often multiparous, delivered 

later and had larger babies, compared with women who are included in our study with a 

subsequent pregnancy. The prevalence of metabolic syndrome was higher in the group with 

a subsequent pregnancy. 

Figure 1. Flow diagram of patient enrolment. 

Baseline characteristics and outcome of the index pregnancy in the 197 women with a 

known subsequent pregnancy are presented in Table 2. The interval between delivery and 

assessment of metabolic syndrome postpartum was similar in both groups. As compared 

with the non-metabolic syndrome group, the metabolic syndrome group delivered at an 

earlier gestational age in the complicated index pregnancy. 
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gradient effect (P for trend <.001) and shows that in women with recurrent preeclampsia, 

hypertension and hyperinsulinemia dominate the spectrum. In women with three or more 

components of the metabolic syndrome, all women who developed recurrent preeclampsia 

have hyperinsulinemia (18/18, 100%) and almost all of them have hypertension (16/18, 

88.9%), whereas only about half of them have an additional other component of metabolic 

syndrome (dyslipidemia, obesity and/or microalbuminuria). 

Table 5. Prevalence of recurrent preeclampsia related to the number of components of metabolic syndrome 
and the contribution of the five separate component-groups as defined by the WHO 

0 Components 1 Component 2 Components 3 or more 
components

P for trend

Preeclampsia in subsequent 
pregnancy

4/34 (11.8) 11/72 (15.3) 12/50 (24.0) 18/41 (43.9) <.001

Hyperinsulinemia* – 5/11 (45.5) 11/12 (91.7) 18/18 (100.0) <.001
Obesity* – 0/11 (0.0) 1/12 (8.3) 10/18 (55.6) <.001
Dyslipidemia* – 0/11 (0.0) 1/12 (8.3) 9/18 (50.0) .001
Hypertension* – 5/11 (45.5) 10/12 (83.3) 16/18 (88.9) .001
Albuminuria* – 1/11 (9.1) 1/12 (8.3) 9/18 (50.0) .013

Data are n/N (%). 
* Denominator presents the number of women with preeclampsia in subsequent pregnancy. 

Discussion 

Main findings 
In this study we observed that inter-pregnancy metabolic syndrome predisposes to 

subsequent recurrent preeclampsia. Moreover, the prevalence of recurrent preeclampsia 

rose when the number of components of the metabolic syndrome increased. Hypertension 

and hyperinsulinemia were the leading components correlating with recurrent preeclampsia, 

while obesity, dyslipidemia and albuminuria played a less dominant role. 

Strengths and weaknesses 
The overall recurrence risk of preeclampsia in our study is about one out of four. Reported 

recurrence risks differ between 13 and 65%.4,17 The rate of recurrence depends on many 

factors, including gestational age at time of previous preeclampsia and delivery, severity of 

preeclampsia, ethnicity and concurrent medical disorders.4,18 The relatively high recurrence 

rate in our study could be the reflection of the severity of our cases. In this study we included 

women who were referred to a tertiary centre. This may have led to over-representation of 

more severely complicated pregnancies. 

Table 3. Outcome parameters of the subsequent pregnancy in the metabolic syndrome group and the non-
metabolic syndrome group 

Metabolic syndrome 
(n=40) 

Non-metabolic syndrome 
(n=157) 

P-value

Interval between assessment of metabolic 
syndrome and subsequent delivery (months) 

20.4 (14.4–26.7) 20.4 (14.4–28.8) .86

Interval between index and subsequent delivery 
(months) 

35.5 (24.5–49.0) 33.0 (26.0–42.3) .42

Maternal age at subsequent pregnancy (years) 31.7±3.8 32.3±3.4 .37
Gestational age at subsequent pregnancy (years) 37.6±2.7 38.3±2.7 .12
Fetal birth weight in subsequent pregnancy (g) 3053 (2284–3445) 3105 (2658–3529) .36
Birth weight centile in subsequent pregnancy 34 (21–62) 35 (12–61) .56

Data are mean±standard deviation, or median (interquartile range). 
Statistics: Student t test, or Wilcoxon rank sum test. 

The prevalence of recurrent preeclampsia in the subsequent pregnancy was 45% in women 

with inter-pregnancy metabolic syndrome and 17% in women with no metabolic syndrome. 

The prevalence of gestational hypertension and HELLP syndrome was not statistically 

significant different between groups, although there seemed to be a trend towards higher 

prevalence among women who were diagnosed with metabolic syndrome. On the other 

hand, there was a trend towards less fetal growth restriction in infants of women who 

had metabolic syndrome, but odds ratios were not statistically significant. Prevalences, 

unadjusted and adjusted odds ratios and 95% confidence intervals are listed in Table 4. 

Table 4. Prevalences and odds ratios of recurrent preeclampsia, gestational hypertension, HELLP syndrome 
and fetal growth restriction in a subsequent pregnancy before and after adjustment for confounders 
comparing women with and without inter-pregnancy metabolic syndrome 

Metabolic syndrome 
(n=40) 

No metabolic 
syndrome (n=157) 

Unadjusted OR 
(95% CI) 

Adjusted OR* 
(95% CI) 

Preeclampsia** 18/40 (45.0) 27/157 (17.2) 3.94 (1.86–8.33) 3.77 (1.61–8.81) 
Gestational hypertension** 30/40 (75.0) 89/157 (56.7) 2.29 (1.05–5.01) 2.01 (0.81–5.39) 
HELLP syndrome** 6/40 (15.0) 9/157 (5.7) 2.90 (0.97–8.70) 3.47 (0.80–15.17) 
Fetal growth restriction** 6/40 (15.0) 34/154 (22.1) 0.62 (0.24–1.61) 0.26 (0.58–1.17)

CI, confidence interval; OR, odds ratio.
Data are n/N (%). 
* Adjustment for smoking (yes/no), maternal age at assessment of metabolic syndrome, birth weight centile index 
delivery, and interval between index pregnancy and assessment of metabolic syndrome (months) were performed 
using logistic regression. 
** In subsequent pregnancy. 

There is a progressive increase in the risk of recurrence of preeclampsia in women with 

zero, one, two, three or more components of the metabolic syndrome. Table 5 presents this 
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kind of dose-effect relationship that was shown between the number of components of the 

metabolic syndrome and the prevalence of subsequent preeclampsia. 

Interpretation 

Previous studies showed a correlation between preeclampsia and cardiovascular risk factors 

postpartum. Hypertension and hyperinsulinemia specifically, and metabolic syndrome 

generally, were present up to many years in women whose pregnancy was complicated by 

preeclampsia.12,13 There is substantial evidence that women after a preeclamptic gestation 

have increased risk of developing, and even dying from, cardiovascular disease at a relatively 

young age.20-22 As inter-pregnancy metabolic syndrome relates to recurrent preeclampsia 

it may be that these women are at highest risk of developing cardiovascular disease. As a 

consequence of our young age population, scores to assess 10-year risk for cardiovascular 

disease may remain low, but it is likely that these women will benefit the most from treatment 

of underlying causes by weight management and physical activity, and interventions to 

treat them if they persist despite lifestyle modification.23,24 Optimising maternal health 

before conception or during early pregnancy seems to be a promising strategy in reducing 

gestational vascular risks.25-28 

More than half of women with metabolic syndrome do not develop recurrent disease. 

Apparently, if we assume that preeclampsia originates from subclinical underlying disorders, 

our data indicate that there must be other constitutional factors related to preeclampsia, 

raising the risk of developing the disease. It appears that there is no single pathophysiological 

pathway that links metabolic syndrome to (recurrent) preeclampsia, just as no single 

combination of metabolic and cardiovascular risk factors seems to lead to vascular disease in 

later life. However, hyperinsulinemia, one of the leading components of metabolic syndrome 

that correlates with recurrent preeclampsia in our study, seems to play an important role. 

Insulin resistance contributes to endothelial dysfunction, a common mechanism involved in 

the development of cardiovascular disease and preeclampsia. Other possible mechanisms 

includes the promotion of sodium retention and enhancement of the sympathetic nervous 

system activity by hyperinsulinemia, leading to a decreased plasma volume, which is 

independently related to recurrent preeclampsia.29,30 

Conclusion 

In summary, inter-pregnancy metabolic syndrome predisposes women to recurrent 

preeclampsia. The risk of recurrent preeclampsia increases with each extra component of 

the metabolic syndrome as defined by the WHO criteria. The high prevalence of metabolic 

syndrome after preeclampsia, the individual attribution of its components to increasing risk 

of recurrent preeclampsia, the remote sequelae of metabolic syndrome and the proven 

Some limitations of our study need to be addressed. First, the observational character 

makes it vulnerable to confounding. We tried to overcome this problem by correcting for 

potential confounders in a multivariable model. However, we were unable to correct for 

socio-economic status. Despite national obstetric guidelines, the standard of care cannot be 

assumed to be uniform throughout the country. Nonetheless, all Dutch women are insured 

as a matter of obligation and the standard of obstetric care is fairly comparable across the 

country. Therefore, we do not think that this variable affected our results. Second, change 

of paternity has not been measured in our study and it may be a modifier of the risk of 

recurrent preeclampsia. However, because the mean inter-pregnancy interval in our study is 

< 3 years, we expect only a few changes of paternity, most probably not contributing to our 

observations. Third, family history is a possible confounder, as family predisposition plays 

a role in both the origin of metabolic diseases and hypertensive disorders in pregnancy. 

However, the complete family history of our participants is lacking in our data set and 

therefore we were not able to correct for it in our multivariable model. 

Severe preeclampsia is a risk factor for recurrence. The presence of more severe cases 

of preeclampsia in the metabolic syndrome group might be a reason for a higher risk of 

recurrence of preeclampsia in these women. We tried to correct for this by including 

gestational age at index delivery in our multivariable model, as gestational age at delivery is 

one of the main measures of severity of preeclampsia and it is also known to be related to 

the prevalence of metabolic syndrome postpartum.19 

In our study 147 out of 464 women (31.7%) were lost to follow up. As these women delivered 

at later gestation with higher birth weight and had less metabolic syndrome postpartum 

compared with those with subsequent pregnancy outcome, they were less severe, and most 

of these women returned for care to their local physician, which may partly explain the loss 

to follow up. We presume that a relatively large proportion of them did not conceive again, 

because they were more often multiparae. The metabolic syndrome rate in the lost-to-follow-

up group is comparable to the group that did not conceive again and we therefore think that 

the differences did not affect the validity of our findings and conclusions. 

The moment of onset of metabolic syndrome in our study group is unknown. The inter-

pregnancy diagnosis of metabolic syndrome does not suggest that the onset was between 

pregnancies. We have no data on whether or not the women had metabolic syndrome 

pre-existing the index pregnancy. Causality, instead of association, between metabolic 

syndrome and subsequent preeclampsia is therefore difficult to prove by our study. However, 

preeclampsia has multiple causative factors and our findings at least suggest a role for 

metabolic syndrome in the pathway to recurrent preeclampsia. This is emphasised by a 
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Introduction

Preeclampsia is a complication in 2–8% of pregnancies and contributes to substantial 

maternal and perinatal mortality and morbidity.1,2 Women with preeclampsia in a previous 

pregnancy are known to be at increased risk for recurrent preeclampsia. Recurrence rates 

range from 13% up to 65%, depending on the population studied.3 Identifying those women at 

increased risk for recurrent preeclampsia will be helpful to develop individual risk estimation 

and tailored preventive strategies. 

Preeclampsia has been linked to classic and novel metabolic and cardiovascular risk factors. 

In women with previous preeclampsia there is often concomitant hyperinsulinemia and 

metabolic syndrome.4-6 Similarly, preeclampsia has been linked to low plasma volume.7-9 In 

women with a history of preeclampsia the prevalence of low plasma volume is about 50%.7,10 

Both metabolic syndrome and low plasma volume status increase the risk of recurrent 

preeclampsia.10-12 

Most previous studies examining the link between recurrent preeclampsia and underlying 

risk profiles focus on a single risk profile. The interaction between these profiles and 

the combined effect on the risk of recurrent preeclampsia is still unclear. However, the 

concomitant presence of metabolic syndrome and low plasma volume may act as a ‘double 

hit’ on the cardiovascular system, further raising the risk of recurrent preeclampsia. A 

pathophysiological link between metabolic syndrome and low plasma volume is possible. 

Subnormal plasma volume appears to be a general indicator of reduced cardiovascular 

reserves. Furthermore, metabolic syndrome stresses the endothelium and with it the 

cardiovascular system, and is known to be a risk factor for later cardiovascular diseases.13-15 

In this study we tested the hypothesis that in women with a history of preeclampsia the 

concomitant presence of metabolic syndrome and low plasma volume acts synergistically 

and raises the prevalence of recurrent preeclampsia, as compared with women without 

metabolic syndrome with a normal plasma volume. 

Methods

We conducted a retrospective cohort study in 480 women with a history of preeclampsia in 

three tertiary referral hospitals in the Netherlands (1996–2004). 

Women were routinely offered screening for underlying cardiovascular and metabolic risk 

Abstract

Objective
To determine the prevalence of recurrent preeclampsia in women with a history of 

preeclampsia with both metabolic syndrome and low plasma volume postpartum, as 

compared with women without either entity.

 

Design
Retrospective cohort study. 

Setting
Three tertiary referral hospitals in the Netherlands.

 

Population
Women with a history of preeclampsia. 

Methods
In 196 women with a history of preeclampsia we determined the presence or absence of 

metabolic syndrome using the World Health Organization criteria and measured plasma 

volume with the 125I-human serum albumin indicator dilution technique. We compared the 

prevalence of recurrent preeclampsia in four groups, classified according to presence or 

absence of metabolic syndrome and low or normal plasma volume, calculating odds ratios 

(OR), adjusted for confounders. 

Main outcome measure
Recurrence of preeclampsia in the subsequent pregnancy. 

Results
The prevalence of recurrent preeclampsia was 12% (12/99) in women without metabolic 

syndrome with normal plasma volume, versus 47% (8/17) in women with both metabolic 

syndrome and low plasma volume: OR 6.44 (95% CI 2.09–19.90), adjusted OR 7.90 (95% CI 

2.30–27.16). Recurrent preeclampsia was present in 44% (10/23) and 25% (14/57) of women 

with isolated metabolic syndrome and low plasma volume, respectively. 

Conclusions
In the concomitant presence of metabolic syndrome and low plasma volume, the prevalence 

of recurrent preeclampsia was nearly 50%, which is four times as high as the prevalence in 

women without either entity. 
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time elapsed after uneventful pregnancy (fasting insulin ≥9.2 milliunits/L or fasting blood 

glucose ≥6.1 mmol/L or homeostasis model assessment ≥2.2).12 

Plasma volume was determined on the same day using the 125I-human serum albumin 

indicator dilution technique. During the measurement, participants stayed in a semi-

supine position on a comfortable bed. A standardised dose (0.2 MBq) of 125I-human serum 

albumin was injected intravenously in the right antecubital vein. Every 10 minutes a venous 

blood sample was taken from the contralateral antecubital vein until 40 minutes after 

administration of the 125I-human serum albumin. Plasma volume was calculated by dividing 

the total injected radioactivity by the virtual volume-specific radioactivity at time zero, as 

described elsewhere.7,9 Plasma volume was normalised by dividing total plasma volume by 

body surface area (mL/m2). Demographic, medical and obstetric data were obtained from 

medical files. 

The primary outcome measure of our study was recurrent preeclampsia in the subsequent 

pregnancy. A subsequent pregnancy was defined as an ongoing pregnancy beyond 24 weeks 

of gestation with known outcome. Information on subsequent pregnancy was obtained 

from medical files; if not available, individual women were contacted. Minimum follow up 

was 2 years after the non-pregnant assessment of metabolic syndrome and plasma volume 

measurement. Secondary outcome measures included the prevalence of HELLP (haemolysis, 

elevated liver, low platelets) syndrome, gestational hypertension and SGA (small for 

gestational age) neonates in the subsequent pregnancy. 

The diagnoses of preeclampsia, HELLP syndrome and gestational hypertension were made 

according to the criteria of the National High Blood Pressure Education Program Working 

Group on High Blood Pressure in Pregnancy.16 SGA was defined as neonatal birth weight 

below the 10th percentile of the national birth weight chart. 

The primary outcome was presented as n (%) and odds ratios with 95% confidence intervals, 

comparing the prevalence of recurrent preeclampsia between four groups. Division into these 

four groups was based on the presence or absence of a metabolic and/or circulatory risk 

profile postpartum after the index pregnancy: (1) women without metabolic syndrome with 

normal plasma volume; (2) women without metabolic syndrome with low plasma volume; 

(3) women with metabolic syndrome and normal plasma volume; and (4) women with both 

metabolic syndrome and low plasma volume. Low plasma volume was defined as 1243 mL/m2 

or lower, corresponding with the mean plasma volume in healthy parous controls minus two 

standard deviations.10 In addition, we compared the recurrence of preeclampsia between 

nine subgroups, based on the number of components of the metabolic syndrome postpartum 

factors for at least 6 months postpartum. Those diagnosed with preeclampsia in the index 

pregnancy were eligible to participate. We excluded women with multiple pregnancy and 

delivery before 24 weeks of gestation. The study was approved by the hospital medical 

ethical committee (CMO 2007/252). 

The diagnosis of preeclampsia in the index pregnancy was made according to the criteria of 

the National High Blood Pressure Education Program Working Group on High Blood Pressure 

in Pregnancy.16 

Women were scheduled for a 1-day assessment at least 6 months after the index pregnancy 

had been complicated by preeclampsia. Measurements were performed in the nonpregnant 

state and none of the participants used hormonal contraceptives. Women were not 

breastfeeding and had discontinued any antihypertensive medication at least 2 weeks before 

measurements were taken. 

After an overnight fast, venous blood samples were taken to analyse levels of glucose, 

insulin, high-density lipoprotein and triglycerides (Aeroset, Abbott Laboratories, North 

Chicago, Illinois, USA). To estimate insulin resistance, the homeostasis model assessment 

(HOMAIR) index was calculated (insulin [milliunits/L] X glucose [mmol/L]/22.5).12,17 A 24-hour 

urine sample was assayed for protein, creatinine and albumin by nephelometry (BN ProSpec, 

Siemens Healthcare Diagnostics, Deerfield, IL, USA) to define (micro)albuminuria corrected 

for creatinine output (g/mol creatinine) and the 24-hour protein level (g/24 hours). We 

measured height and weight to calculate body mass index (BMI). Body surface area for the 

normalisation of plasma volume was calculated using the Du Bois and Du Bois formula.18 

Blood pressure was measured at the right upper arm, using a semiautomatic oscillometric 

device with cuff size appropriate for arm circumference. We used the median values of 

nine consecutive recordings at 3-minute intervals, starting after 5 minutes at rest in supine 

position. 

Metabolic syndrome was defined using the World Health Organization (WHO) criteria, i.e. the 

presence of insulin resistance in addition to at least two of the following criteria: obesity (BMI 

30 kg/m2 or higher); hypertension (systolic blood pressure 140 mmHg or higher or diastolic 

blood pressure 90 mmHg or higher); dyslipidemia (triglycerides 1.69 mmol/L or higher or 

high-density lipoprotein 0.9 mmol/L or less); or (micro)albuminuria (urine albumin ≥2.5 g/

mol creatinine or urine protein ≥0.30 g/24 hours).19 An adjustment was made concerning 

the WHO criteria: instead of performing an oral glucose tolerance test, insulin resistance was 

defined using cut-off values for insulin, glucose or homeostasis model assessment of higher 

than the mean plus twice the standard deviation for a healthy population at a comparable 
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after the index pregnancy (0–1 component, 2 components or 3 or more components) and 

on three plasma volume groups: low plasma volume (≤1243 mL/m2, corresponding with the 

mean –2 standard deviations), intermediate plasma volume (between 1243 and 1373 mL/

m2, corresponding with the mean –2 and mean –1 standard deviations) and normal plasma 

volume (>1373 mL/m2, corresponding with the mean –1 standard deviation). 

Sample size was calculated for the primary outcome, recurrent preeclampsia, using a power 

formula with an alpha level of 0.05 and a power of 80%. The expected proportion of recurrent 

preeclampsia in women without metabolic syndrome with normal plasma volume was 15%. 

Allowing detection of a change in the primary outcome from 15 to 45% in women with both 

metabolic syndrome and low plasma volume, the total number of women needed using this 

calculation was 21 in each group. We evaluated distribution of data using histograms and 

quantile-quantile plots. Continuous data were expressed as means and standard deviations 

or as medians with interquartile ranges for normally and non-normally distributed data, 

respectively. Comparisons between groups were performed using the unpaired Student t 

test for normally distributed data, the Wilcoxon rank sum test for non-normally distributed 

variables, and the Chi-square or Fisher exact test for categorical parameters. Multivariable 

logistic regression was used to calculate odds ratios adjusted for maternal age, gestational 

age at index delivery, and birth weight percentile at index delivery. The Mantel extension 

test was used to evaluate linear trends across categories. A P-value <.05 (two-sided) was 

considered statistically significant. In the case of multiple comparison tests, the statistical 

significance level was corrected for the number of comparisons using the Bonferroni method 

(correction was applied to correct for multiple testing, P=.05/6 comparisons, Bonferroni-

adjusted P=.008). The statistical analyses were performed using the standard statistical 

software package SPSS 21.0 (SPSS Inc., Chicago, Illinois, USA). 

Results

We identified 480 women with a history of preeclampsia for postpartum evaluation (Figure 

1). Twenty-nine women were excluded because of incomplete measurement of metabolic 

syndrome or plasma volume. We excluded 119 women who did not conceive again 

within the study period and 136 women who were lost to follow up. Information about a 

subsequent pregnancy was available in 196 (41%) women. Out of the remaining 196 women, 

metabolic syndrome after the index pregnancy was present in 40 (20%) women. A total of 

74 (38%) women had low plasma volumes, defined as 1243 mL/m2 or lower. Seventeen (9%) 

women had both metabolic syndrome and low plasma volume. The prevalence of recurrent 

preeclampsia in the total study group was 22%. 
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between groups. Table 3 shows clinical variables at assessment postpartum in the non-

pregnant state after the index pregnancy of the 196 women in the study with a history of 

preeclampsia. Median plasma volume was about 200 mL/m2 lower in the low plasma volume 

groups than the normal plasma volume groups. Blood pressure (systolic and diastolic) was 

highest in women with metabolic syndrome and a normal plasma volume. 

Table 2. General characteristics of the 196 included women with a history of preeclampsia 

A. B. C. D. P-value** 
No metabolic 
syndrome, 
normal 
plasma 
volume 
(n=99) 

No 
metabolic 
syndrome, 
low plasma 
volume* 
(n=57) 

Metabolic 
syndrome, 
normal 
plasma 
volume 
(n=23) 

Metabolic 
syndrome, 
low plasma 
volume* 
(n=17)

General characteristics 

Maternal age index pregnancy (years) 30.2±3.4 30.5±3.5 30.1±4.0 29.2±4.2 
Smoking (%) 14/98 

(14.3)
12/57 
(21.1)

3/23 
(13.0)

5/17 
(29.4)

Obstetric history 
Primiparous (%)*** 90/99 

(90.9)  
53/57 
(93.0)  

21/23
(91.3)  

15/17 
(88.2)  

Gestational age index delivery (weeks) 32.4±3.8 31.6±4.0 30.1±3.0 31.4±4.2 <.05a 

Neonatal birth weight index pregnancy 
(g) 

1500
(958–1951) 

1400
(875–2080) 

1050 
(830–1375) 

1240 
(800–1995) 

<.01a**** 

Birth weight percentile index 
pregnancy

14 
(7–24) 

18 
(6–35) 

9 (6–17) 19 
(8–28) 

Intervals 
Interval between index delivery and 
assessment of metabolic syndrome 
and plasma volume (months) 

13.2 
(9.6–21.0) 

12.5 
(9.3–19.5) 

13.2 
(8.4–26.4) 

12.0 
(6.5–25.8) 

Interval between assessment of 
metabolic syndrome and plasma 
volume and delivery subsequent 
pregnancy (weeks) 

20.4 
(14.7–26.4) 

21.6 
(14.0–30.0) 

23.4 
(16.5–28.2) 

19.2 
(12.3–21.3) 

Subsequent pregnancy 
Gestational age subsequent delivery 
(weeks) 

38.9 
(37.3–40.0) 

38.7 
(36.8–40.0) 

38.0 
(36.4–38.9) 

38.4 
(36.8–39.7) 

<.05a

Neonatal birth weight subsequent 
pregnancy (g) 

3175 
(2750–3630) 

3008 
(2555–3444) 

3055 
(2110–3450) 

3050 
(2527–3440) 

Birth weight percentile subsequent 
pregnancy

40 
(14–69) 

26 
(11–53) 

37 
(20–61) 

29 
(17–71) 

Data are n/N (%), mean±standard deviation, or median (interquartile range). 
Statistics: Chi-square, Student t test, or Wilcoxon rank sum test. 
* Low plasma volume is defined as 1243 mL/m2 or lower.
** aA versus C. 
*** Percentage of women who were primiparous at the time of assessment of metabolic syndrome. 
**** Statistically significant after correction for multiple testing (Bonferroni-adjusted P=.008). 

The characteristics of the total group of 451 women with complete measurement of 

metabolic syndrome and plasma volume, including women with or without a subsequent 

pregnancy and women lost to follow up, is presented in Table 1. 

Table 1. Characteristics of total group of 451* women subdivided by category: with or without a subsequent 
pregnancy.

Women 
with 
subsequent 
pregnancy 
(n=196)

Women 
who did not 
conceive 
again within 
study period 
(n=119)

Women lost 
to follow up 
(n=136)

P-value **

General characteristics Maternal age index 
pregnancy (years)

30.2±3.5 32.2±3.7 32.5±4.6 <.001a,b

Smoking (%) 34/195
(17.4)

25/119
(21.0)

20/135
(14.8)

Obstetric history Primiparous *** (%) 179/196
(91.3)

85/119
(71.4)

110/136
(80.9)

<.001a      
<.01b       

Gestational age index 
delivery (weeks)

31.8±3.8 32.5±3.8 33.8±3.9 <.001b

Neonatal birth weight index 
pregnancy (g)

1375 
(870–1950)

1430
(1010–1955)

1773 
(1085–2473)

<.001b

Birth weight centile index 
pregnancy

14 
(6–26)

12 
(5–24)

13 
(5–35)

Assessment postpartum 
after index pregnancy 
****

Metabolic syndrome (%) 40/196 
(20.4)

16/119
(13.4)

13/136 
(9.6)

<.01b

Plasma volume (mL/m2) 1291±162 1311±166 1348±203 <.01b

Interval between index 
delivery and assessment of 
metabolic syndrome and 
plasma volume (months)

13.2 
(8.4–20.4)

13.1
(8.4–20.7)

14.0 
(8.4–27.6)

Data are n/N (%), mean±standard deviation, or median (interquartile range).
Statistics: Chi-square, Student t test, or Wilcoxon rank sum test.
* Total group of 451 women with complete measurement of metabolic syndrome and plasma volume postpartum 
after the index pregnancy.
** aA versus B, bA versus C.
*** Percentage of women that was primiparous at the time of assessment of metabolic syndrome.
**** Variables assessed in the nonpregnant state postpartum after the index pregnancy.

Table 2 lists general characteristics of the 196 included women with a history of preeclampsia. 

Women without metabolic syndrome and with a normal plasma volume did not differ in 

age, smoking status or parity compared with women in the other three main groups, i.e. 

no metabolic syndrome with low plasma volume, metabolic syndrome with normal plasma 

volume, and metabolic syndrome with low plasma volume. Among the women with a normal 

plasma volume, those with metabolic syndrome had smaller babies in the index pregnancy 

compared with women without metabolic syndrome. The interval between index delivery 

and assessment of metabolic syndrome was approximately 13 months and did not differ 
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There was a trend towards lower prevalence of SGA in infants of women who had metabolic 

syndrome in combination with a normal plasma volume (9%) compared with the other groups 

(20% or more). Hypertension in the absence of proteinuria (gestational hypertension) occurred 

in 24% of the women with both inter-pregnancy metabolic syndrome and low plasma volume. 

A total of 118 women had some type of hypertension in the subsequent pregnancy. 

The proportion of women in whom hypertension was complicated by proteinuria, i.e. 

preeclampsia, was highest in women with both metabolic syndrome and low plasma 

volume (8/12, 67%). Hypertension in women with isolated low plasma volume and isolated 

metabolic syndrome postpartum was less often complicated by proteinuria (10/18 [56%] and 

14/37 [38%], respectively), with the lowest proportion of preeclampsia in women without 

metabolic syndrome with normal plasma volume (12/51 [24%]). This gradient effect is 

presented in Figure 2 (P for trend <.01). 

Table 4. Prevalences of recurrent preeclampsia, gestational hypertension, HELLP syndrome and small for 
gestational age in a subsequent pregnancy comparing the 196 included women, classified in four groups 
according to presence or absence of metabolic syndrome and low or normal plasma volume 

A. B. C. D. P-value**
No metabolic 
syndrome, 
normal plasma 
volume 
(n=99) 

No metabolic 
syndrome, 
low plasma 
volume* 
(n=57) 

Metabolic 
syndrome, 
normal plasma 
volume 
(n=23) 

Metabolic 
syndrome, 
low plasma 
volume* 
(n=17) 

Preeclampsia***  12/99 
(12.1) 

14/57 
(24.6) 

10/23 
(43.5) 

8/17 
(47.1) 

<0.05a

<0.01b,c**** 
HELLP syndrome*** 4/99 

(4.0) 
5/57 
(8.8) 

2/23 
(8.7) 

4/17
(23.5) 

<0.05c

Gestational hypertension*** 39/99 
(39.4) 

23/57 
(40.4) 

8/23
(34.8) 

4/17
(23.5) 

Small for gestational age*** 20/99 
(20.2)

13/54 
(24.1)

2/23
(8.7)

4/17
(23.5)

HELLP, haemolysis, elevated liver enzymes, low platelets. 
Data are n/N (%). 
Statistics: Chi-square, or Fisher exact test. 
* Low plasma volume is defined as 1243 mL/m2 or lower.
** aA versus B, bA versus C, cA versus D. 
*** In subsequent pregnancy. 
**** Statistically significant after correction for multiple testing (Bonferroni-adjusted P=.008). 

Table 6 shows prevalences of recurrent preeclampsia as a function of the number of 

components of the metabolic syndrome postpartum (0–1 component, 2 components or 3 or 

more components) and three plasma volume groups. The prevalence of recurrent preeclampsia 

appears to rise with each extra component of the metabolic syndrome. Noticeably, women 

with normal plasma volume required one extra component of the metabolic syndrome to end 

The prevalence of recurrent preeclampsia in a subsequent pregnancy was 47% in women 

with both inter-pregnancy metabolic syndrome and low plasma volume, compared with 12% 

in women without metabolic syndrome with a normal plasma volume (P=.002). Women with 

isolated metabolic syndrome or low plasma volume postpartum had recurrence rates for 

preeclampsia of 44 and 25%, respectively. Prevalences, P-values, unadjusted and adjusted 

odds ratios, and 95% confidence intervals are listed in Tables 4 and 5. 

HELLP syndrome occurred in 23% of women with concomitant inter-pregnancy metabolic 

syndrome and low plasma volume, as compared with 4% in women without metabolic 

syndrome with a normal plasma volume (P=.01). However, this difference was not statistically 

significant after correction for multiple testing. 

Table 3. Clinical variables at assessment postpartum in the non-pregnant state after the index pregnancy of 
the 196 included women with a history of preeclampsia

A.
No metabolic 
syndrome, 
normal plasma 
volume 
(n=99)

B.
No metabolic 
syndrome, 
low plasma 
volume *
(n=57)

C.
Metabolic 
syndrome, 
normal plasma 
volume
(n=23)

D.
Metabolic 
syndrome, 
low plasma 
volume *
(n=17)

P-value **

Fasting glucose (mmol/L) 5.2 
(4.8–5.4)

5.1 
(4.8–5.3)

5.4 
(5.1–5.7)

5.5
(5.1–6.0)

<.05a,b

<.01c,d

Fasting insulin (milliunits/L) 9.6 
(7.0–13.0)

10.0 
(7.2–14.0)

16.0 
(14.0–23.0)

16.0
(13.5–20.5)

<.001a,b,c,d***

HOMAIR 2.2 
(1.6–3.1)

2.3 
(1.6–3.0)

3.9 
(3.3–5.7)

4.2
(3.1–4.9)

<.001a,b,c,d***

BMI (kg/m2) 23.3 
(21.3–25.4)

24.2
(21.9–26.8)

31.6
(27.1–35.1)

30.9 
(26.4–34.3)

<.001a,b,c,d***

Diastolic blood pressure 
(mmHg)

74±10 74±10 82±9 76±10 <.01c***    
<.001a*** 

Systolic blood pressure 
(mmHg)

120±13 121±12 134±13 125±13 <.05e        

<.001a,c***
Triglycerides (mmol/L) 0.8 

(0.6–1.1)
0.8 
(0.6–1.1)

1.3 
(0.8–2.0)

1.7 
(1.1–2.3)

<.01c***    
<.001a,b,d*** 

HDL cholesterol (mmol/L) 1.4 
(1.3–1.7)

1.4 
(1.2–1.6)

1.1 
(0.9–1.3)

1.1
(1.0–1.4)

<.01b,c***     
<.001a***

Microalbuminuria (g/mol 
creatinine)

1.0 
(0.6–1.8)

0.9 
(0.6–1.6)

2.7 
(0.9–5.2)

2.6 
(0.7–4.4)

<.05b,c     
<.01a***

Proteinuria (g/24 hours) 0.09 
(0.06–0.12)

0.09 
(0.07–0.12)

0.10 
(0.06–0.18)

0.10
(0.06–0.15)

Plasma volume (mL/m2) 1359 
(1299–1450)

1138 
(1075–1205)

1381 
(1325–1481)

1168 
(1128–1197)

<.001b,c,e,f***

BMI, body mass index; HDL, high density lipoprotein; HOMAIR, homeostasis model assessment. 
Data are mean±standard deviation, or median (interquartile range).
Statistics: Student t test, or Wilcoxon rank sum test.
* Low plasma volume is defined as 1243 mL/m2 or lower.
** aA versus C, bA versus D, cB versus C, dB versus D, eC versus D, fA versus B.
*** Statistically significant after correction for multiple testing (Bonferroni adjusted P=.008).
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Figure 2. Total of 118 women diagnosed with any hypertensive disorder in the subsequent pregnancy, showing 
the proportion of women whose hypertension was complicated by proteinuria, i.e. recurrent preeclampsia, 
comparing four groups classified according to presence or absence of metabolic syndrome and low or normal 
plasma volume. 
P-values: A versus B P=.15; A versus C P=.01; A versus D P=.01; P for trend = .01
* Low plasma volume is defined as 1243 mL/m2 or lower
** Denominator presents total number of women with any hypertensive disorder in subsequent pregnancy
*** In subsequent pregnancy

Discussion

Main findings 
In this study the prevalence of recurrent preeclampsia rises from about 10% in women 

without inter-pregnancy metabolic syndrome with a normal plasma volume to nearly 50% 

in the concomitant presence of both metabolic syndrome and low plasma volume. Women 

with isolated metabolic syndrome also had a recurrence risk of preeclampsia of more than 

40%. 

Limitations 

Our study population represents that of a tertiary clinic. The gestational age at index delivery 

was relatively early, suggesting severe preeclampsia. The inclusion of more complicated 

pregnancies may limit generalisation of the results to the common population of women 

with a history of preeclampsia. On the other hand, the psychological impact of severe 

up with a comparable recurrence risk as their counterparts with low plasma volume. In the 32 

women with 0–1 components of metabolic syndrome and normal plasma volume (>1373 mL/

m2) we observed only one case (3.1%) of recurrent preeclampsia. 

Table 5. Odds ratios of recurrent preeclampsia, gestational hypertension, HELLP syndrome and small for 
gestational age in a subsequent pregnancy comparing women in four groups classified according to presence 
or absence of metabolic syndrome and low or normal plasma volume 

Unadjusted OR (95% CI) Adjusted OR (95% CI)*
Women without metabolic syndrome 

and with normal plasma volume (n=99) 
compared with

Women without metabolic syndrome 
and with normal plasma volume (n=99) 

compared with
Women 
without 
metabolic 
syndrome, 
with low 
plasma 
volume** 
(n=57) 

Women 
with 
metabolic 
syndrome, 
with normal 
plasma 
volume 
(n=23) 

Women with 
metabolic 
syndrome, 
with low 
plasma 
volume**
(n=17) 

Women 
without 
metabolic 
syndrome, 
with low 
plasma 
volume**
(n=57) 

Women 
with 
metabolic 
syndrome, 
with normal 
plasma 
volume 
(n=23) 

Women 
with 
metabolic 
syndrome, 
with low 
plasma 
volume** 
(n=17)

Preeclampsia***  2.36
(1.01–5.54) 

5.58 
(2.01–15.49) 

6.44 
(2.09–19.90) 

2.27 
(0.95–5.42) 

5.23
(1.66–16.45) 

7.90 
(2.30–27.16) 

HELLP syndrome*** 2.28 
(0.59–8.88) 

2.26
(0.39–13.17) 

7.31 
(1.63–32.82) 

2.25 
(1.00–5.03) 

0.98
(0.10–9.73) 

6.15 
(1.28–29.60) 

Gestational hypertension*** 1.04 
(0.54–2.02) 

0.82
(0.32–2.12) 

0.47 
(0.14–1.56) 

1.02 
(0.51–2.02) 

0.68 
(0.24–1.89) 

0.40 
(0.12–1.36) 

Small for gestational age*** 1.25
(0.57–2.77)

0.38
(0.08–1.74)

1.22 
(0.36–4.13)

1.30 
(0.58–2.95)

0.18
(0.02–1.44)

1.59 
(0.43–5.84)

CI, confidence interval; HELLP, haemolysis, elevated liver enzymes, low platelets; OR, odds ratio. 
* Adjustments for maternal age (continuous variable), birth weight percentile and gestational age at delivery 
performed using logistic regression. 
** Low plasma volume is defined as 1243 mL/m2 or lower. 
*** In subsequent pregnancy. 

Table 6. Prevalences of recurrent preeclampsia in a subsequent pregnancy comparing women in 9 subgroups 
classified according to number of components of metabolic syndrome and normal, intermediate and low 
plasma volume

Plasma volume group Number of components of 
metabolic syndrome

N Women with preeclampsia in 
subsequent pregnancy

n (%)
Normal plasma volume

 
* 0 or 1 component 32 1 (3.1)

2 components 10 2 (20.0)
3 or more components 14 5 (35.7)

Intermediate plasma volume
 
* 0 or 1 component 38 6 (15.8)

2 components 18 3 (16.7)
3 or more components 10 5 (50.0)

Low plasma volume
 
* 0 or 1 component 35 7 (20.0)

2 components 22 7 (31.8)
3 or more components 17 8 (47.1)

Data are n (%).
* Normal plasma volume is defined as 1373 mL/m2 or higher, intermediate plasma volume is defined as 1243-1373 
mL/m2 and low plasma volume is defined as 1243 mL/m2 or lower.
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endothelial dysfunction. 

The link between metabolic syndrome postpartum and recurrent preeclampsia has been 

studied earlier.11 Hyperinsulinemia, one of the main criteria of metabolic syndrome, appeared 

to be a leading component correlating with recurrent preeclampsia. Hyperinsulinemia is a 

well-known cardiometabolic stress condition, contributing to endothelial dysfunction and 

is also related to enhanced sympathetic activity.22,23 As these mechanisms also seem to 

play an important role in the pathophysiologic pathway that links low plasma volume with 

preeclampsia, we hypothesised a ‘double hit’ theory, leading to an extra increase in the risk 

of recurrent preeclampsia in the concomitant presence of both metabolic syndrome and 

low plasma volume postpartum after the first pregnancy with preeclampsia. Indeed, in our 

study, the prevalence of recurrent preeclampsia was highest among women with metabolic 

syndrome and low plasma volume (47%) compared with women with isolated low plasma 

volume (25%) or without either entity (12%). 

The prevalence of recurrent preeclampsia in women with isolated metabolic syndrome was 

also high (44%). One explanation for this finding is that women with complete metabolic 

syndrome, often accompanied with hypertension as a part of the definition but with a 

normal plasma volume, have a comparable circulatory system with accompanying problems, 

as women with metabolic syndrome and low plasma volume. In women with two or fewer 

components of the metabolic syndrome, i.e. not complete metabolic syndrome, the additional 

presence of low plasma volume actually did raise the risk of recurrent preeclampsia in our 

study. 

Additionally, we classified plasma volume into three groups, and prevalences of recurrent 

preeclampsia in these groups indicate a gradual dose-effect relation with plasma volume. This 

finding reflects the results of an earlier study that show a linear relationship between the risk 

of recurrent preeclampsia and pre-pregnancy plasma volume.10 One remarkable observation 

is the low recurrence risk of preeclampsia of 3% in the subgroup with 0–1 components of 

metabolic syndrome with a normal plasma volume (>1373 mL/m2). Although our cohort was 

not large enough for statistical analyses in subgroups, further identification of this ‘low risk’ 

group might be of clinical value. 

The prevalence of HELLP syndrome in the next pregnancy, in our study, was not statistically 

significantly different between groups. This could be caused by small sample sizes. 

SGA in the next pregnancy appears to be less prevalent in women with metabolic syndrome 

and a normal plasma volume. High glucose levels and a disturbed insulin metabolism 

early-onset preeclampsia could have made women decide not to conceive again. Overall, 

the prevalence of recurrent preeclampsia in this study of 22% is within the range of rates 

reported by others.3 

The observational design also makes the study vulnerable to bias. We tried to overcome this 

by correcting for confounders in a multivariable model. 

We did not monitor lifestyle interventions between the index and subsequent pregnancy. 

Care providers might have advised diet and physical activities or women might have started 

them on their own initiative. 

In all, 136 of 480 women were lost to follow up. It may be that they represent a relatively 

healthy group and returned for care to their local physician. This could have led to over- 

representation of more severe cases in our study group. 

Women with inter-pregnancy hypertension and/or proteinuria might still have these entities 

at the onset of the subsequent pregnancy. This could have interfered with the diagnosis 

of recurrent preeclampsia, causing selection bias. Generally, after preeclampsia, there is a 

recovery of hypertension and proteinuria that lasts up to years, but it is unknown whether 

this was the case in our study group.20 

Some of the sample sizes in our study were small and it was not possible to perform subgroup 

analyses. 

Finally, assessment of plasma volume and metabolic syndrome took place in-between 

pregnancies. Although the exact moment of onset of these problems in our study group 

is unknown, metabolic and hemodynamic abnormalities are likely to be pre-existent, with 

pregnancy serving as an additional ‘stress test’ to identify them. 

Interpretation 
Low plasma volume predisposes to recurrent preeclampsia.10,12 Previous studies investigated 

possible pathophysiological mechanisms connecting plasma volume and preeclampsia.9,10,21 

Low plasma volume reflects reduced cardiovascular reserve capacity. Women with low plasma 

volume have impaired circulatory responses and fail to achieve the necessary high-flow, 

low resistance state of pregnancy. Low plasma volume may precede vascular complicated 

pregnancy by a small rise in plasma volume during the early phase of pregnancy, enhancing 

sympathetic activity to preserve venous return, also resulting in arterial vasoconstriction, 

circulatory redistribution, increasing shear stress over the endothelium and eventually 
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Introduction

Preeclampsia affects two to eight percent of pregnancies and is one of the leading causes of 

maternal and neonatal morbidity and mortality worldwide.1-4 

Over the past decades, the evidence is expanding that a history of preeclampsia increases 

future cardiovascular disease risk.5,6 Factors known to elevate the risk of cardiovascular 

disease, such as insulin resistance, dyslipidemia, obesity, renal protein loss and arterial 

hypertension, are more prevalent in formerly preeclamptic women.7,8

The concomitant presence of these components characterize the so-called metabolic 

syndrome. Metabolic syndrome is known to be an independent risk factor for cardiovascular 

disease.9-11 In women after pregnancy complicated by preeclampsia there is a high 

prevalence of metabolic syndrome.12-14 Prior to the first pregnancy, constituents of the 

metabolic syndrome raise the risk of vascular complicated pregnancy.15 In addition, formerly 

preeclamptic women with metabolic syndrome postpartum have an increased risk of 

recurrent gestational disease.16

By considering the central features of the metabolic syndrome and how they are related, 

we may better predict those individuals at risk for recurrent gestational disease and future 

cardiovascular disease. However, this is complicated by the fact that no standard definitions 

for metabolic syndrome have been routinely used. Several metabolic syndrome definitions 

are proposed by different organizations. In 1998 The World Health Organization (WHO) 

established the first criterion set, of which insulin resistance was the most important and 

indispensable component.17 In the definition of National Cholesterol Education Program 

Adult Treatment Panel III (ATPIII), issued in 2001 and updated in 2005, insulin resistance was 

no longer the main factor, becoming just one of the components together with hypertension, 

dyslipidemia and obesity.18,19 Later, in 2005, the International Diabetes Federation (IDF) 

proposed a new definition making abdominal obesity, but not necessarily insulin resistance, 

essential for the diagnosis.20 

There are studies that have looked into differences in most widely used definitions of 

metabolic syndrome in general, but no studies have compared definitions in formerly 

preeclamptic women. Until now it is unclear which metabolic syndrome definition is most 

strongly associated with preeclampsia and the recurrence of the disease.

Therefore, the present study has two objectives. First, we determined the differences in 

prevalences of metabolic syndrome in formerly preeclamptic women according to three 

Abstract

Objective
To determine the prevalence of metabolic syndrome in formerly preeclamptic women according 

to three definitions of metabolic syndrome (World Health Organization [WHO], International 

Diabetes Federation [IDF] and Third Adult Treatment Panel updated [ATPIII updated]), to 

evaluate agreement amongst definitions and to compare the risk of recurrent preeclampsia.

Design
Retrospective cohort study.

Setting
Three tertiary referral hospitals in the Netherlands.

Population
Women with a history of preeclampsia.

Methods
In 197 women with a history of preeclampsia we determined presence of metabolic syndrome 

using WHO, IDF and ATPIII updated criteria. We evaluated agreement amongst definitions by 

using Kappa statistics. The prevalence of recurrent preeclampsia was compared between 

women with and without inter-pregnancy metabolic syndrome, according to the three 

definitions. 

Results
Twenty, 23 and 16 percent of women with previous preeclampsia were classified as having 

metabolic syndrome postpartum according to WHO, IDF and ATPIII updated criteria, 

respectively. Agreement among criteria was considered substantial between WHO and IDF 

(κ=0.64, 95% CI 0.53–0.79), WHO and ATPIII updated (κ=0.74, 95% CI 0.62–0.86), and IDF and 

ATPIII updated (κ=0.66, 95% CI 0.51–0.77). The prevalence of recurrent preeclampsia was 

45% versus 17% in women with and without inter-pregnancy metabolic syndrome according 

to the WHO definition (P<.001), 26% versus 21% according to the IDF criteria (P=.16) and 

39% versus 20% according to the ATPIII updated definition (P=.02).

Conclusions
Agreement among WHO, IDF and ATPIII updated criteria of metabolic syndrome in women 

after preeclampsia is considered substantial. The risk of recurrent preeclampsia is highest in 

women with inter-pregnancy metabolic syndrome according to the WHO criteria.
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and the Third Adult Treatment Panel updated (ATPIII updated) version.17,18,20 The criteria for the 

diagnosis of metabolic syndrome are outlined in Table 1. Adjustments were made concerning 

the WHO criteria: instead of performing an oral glucose tolerance test, insulin resistance was 

defined using cut-off values for insulin, glucose or homeostasis model assessment of higher 

than the mean plus twice the standard deviation for a healthy population at a comparable 

time elapsed after uneventful pregnancy (fasting insulin ≥9.2 milliunits/L or fasting blood 

glucose ≥6.1 mmol/L or homeostasis model assessment ≥2.2).22,23 As most women experience 

changes in waist circumference due to a larger gap between both abdominal rectus muscles 

in the first year after giving birth, WHO and ATPIII updated criteria were modified by using 

BMI 30 kg/m2 or greater instead of female waist greater than 88 cm as a cut-off value to 

determine obesity. The IDF criteria used BMI 25 kg/m2 or greater instead of female waist 

greater than 80 cm. 

Table 1. Definitions of metabolic syndrome based on criteria used

Clinical feature Variables WHO IDF ATPIII updated
Insulin resistance and 
two or more of the 
other features 

Overweight and two 
or more of the other 
features 

Three or more of the 
following features

Insulin resistance/ 
hyperglycemia

Fasting insulin 9.2 milliunits/L or 
greater OR

– –

Fasting blood 
glucose

6.1 mmol/L or greater 
OR

5.5 mmol/L or greater 5.5 mmol/L or greater

HOMAIR 2.2 or greater – –
Obesity/overweight BMI 30 kg/m2 or greater 25 kg/m2 or greater 30 kg/m2 or greater
Dyslipidemia HDL cholesterol 0.9 mmol/L or less OR 1.29 mmol/L or less 1.29 mmol/L or less

Triglycerides 1.69 mmol/L or greater 1.69 mmol/L or greater 1.69 mmol/L or greater 
Hypertension Blood pressure systolic BP 140 mmHg 

or greater or diastolic 
BP 90 mmHg or 
greater 

systolic BP 130 mmHg or 
greater or diastolic BP 85 
mmHg or greater 

systolic BP 130 mmHg 
or greater or diastolic 
BP 85 mmHg or 
greater 

Other Albuminuria microalbuminuria 0.30 
g/mol creatinine or 
greater or proteinuria 
0.30 g/24 hours or 
greater 

– –

ATPIII, Third Adult Treatment Panel; BMI, body mass index; BP, blood pressure; HDL, high density lipid; HOMAIR, 
homeostasis model assessment of insulin resistance; IDF, International Diabetes Federation; WHO, World Health 
Organization.

A subsequent pregnancy was defined as an ongoing pregnancy beyond 24 weeks of gestation 

with known outcome. Information on subsequent pregnancy was obtained from medical 

files; if not available, individual women were contacted. Minimum follow up was 2 years 

after the non-pregnant assessment of metabolic syndrome measurement. 

commonly used definitions (WHO, IDF and ATPIII updated) and evaluated the agreement 

among these classifications. Second, we compared the associated risk of recurrent 

preeclampsia between the three definitions. 

Methods

We conducted a retrospective cohort study in 480 women with a history of preeclampsia in 

three tertiary referral hospitals in the Netherlands (1996–2004). 

Women were routinely offered assessment for underlying cardiovascular and metabolic risk 

factors for at least 6 months postpartum. We included women diagnosed with preeclampsia 

in the index pregnancy. Women with delivery before 24 weeks of gestation or with multiple 

pregnancy or women who were having offspring with congenital abnormalities were excluded 

in the analysis. The study was approved by the hospital’s medical ethical committee (CMO 

2007/252). 

The diagnosis of preeclampsia was made according to the criteria of the National High Blood 

Pressure Education Program Working Group on High Blood Pressure in Pregnancy.21

Women were scheduled for assessment at least 6 months after the index pregnancy had been 

complicated by preeclampsia. Measurements were performed in the non-pregnant state and 

none of the participants used hormonal contraceptives. Women were not breastfeeding and 

had discontinued any antihypertensive medication at least 2 weeks before measurements 

were taken. After an overnight fast, venous blood samples were taken to analyse levels of 

glucose, insulin, high-density lipoprotein and triglycerides (Aeroset, Abbott Laboratories, 

North Chicago, Illinois, USA). To estimate insulin resistance, the homeostasis model 

assessment (HOMAIR) index was calculated (insulin [milliunits/L] x glucose [mmol/L]/22.5).22 A 

24-hour urine sample was assayed for protein, creatinine and albumin by nephelometry (BN 

ProSpec, Siemens Healthcare Diagnostics, Deerfield, IL, USA) to define (micro)albuminuria 

corrected for creatinine output (g/mol creatinine) and the 24-hour protein level (g/24 

hours). We measured height and weight to calculate body mass index (BMI). Blood pressure 

was measured at the right upper arm, using a semiautomatic oscillometric device with cuff 

size appropriate for arm circumference. We used the median values of nine consecutive 

recordings at 3-minute intervals, starting after 5 minutes at rest in supine position. 

Metabolic syndrome was defined using three different internationally accepted criteria 

specified by the World Health Organization (WHO), International Diabetes Federation (IDF), 
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Results

We identified a total of 480 formerly preeclamptic women who underwent postpartum 

evaluation. Nineteen women were excluded because of incomplete measurements of 

metabolic syndrome. Information about a subsequent pregnancy was available in 197 (41%) 

women. A total of 118 women did not have a subsequent pregnancy within the study period 

and 146 women were lost to follow up. A flow diagram of patient enrolment is shown in 

Figure 1.

Figure 1. Flow diagram of patient enrolment.

We determined prevalences of metabolic syndrome in formerly preeclamptic women 

according to the three definitions (WHO, IDF and ATPIII updated). The inter-relation between 

the three classifications was studied with a Venn diagram in which each circle represents 

one classification. Circles and overlapping areas are scaled according to the prevalence and 

combination of classifications. The agreement among the definitions was evaluated using 

Kappa statistics, calculating Cohen’s κ and their 95% confidence intervals. The κ statistic 

quantifies the proportion of chance-correct agreement, relative to the maximum possible 

proportion of agreement beyond chance. If there is complete agreement, then κ=1. 

When κ=0, the agreement is no better than what would be obtained by chance alone. 

Specifically, κ values between 0.00 and 0.20 indicated slight agreement, between 0.21 and 

0.40 fair agreement, between 0.41 and 0.60 moderate agreement, between 0.61 and 0.80 

substantial agreement, and values of κ>0.80 equated to almost perfect agreement.24

The recurrence risk for preeclampsia in a subsequent pregnancy was compared between 

women with inter-pregnancy metabolic syndrome and women without metabolic syndrome, 

according to the three different classifications. Multivariable logistic regression was used to 

calculate odds ratios adjusted for smoking, maternal age, gestational age at index delivery, 

birth weight percentile at index delivery and interval between index delivery and assessment 

of metabolic syndrome. 

We categorised women as having zero, one, two, or three or more components of the 

metabolic syndrome (insulin resistance/hyperglycemia, obesity/overweight, dyslipidemia, 

hypertension and albuminuria). The connection between the components of metabolic 

syndrome was presented in a Venn diagram for each definition of metabolic syndrome. 

Subsequently, we calculated the risk of recurrent preeclampsia for the component-groups.

We evaluated distribution of data using histograms and quantile-quantile plots. Continuous 

data were expressed as means and standard deviations or as medians with interquartile 

ranges for normally and non-normally distributed data, respectively. Comparisons between 

groups were performed using the unpaired Student t test for normally distributed data, the 

Wilcoxon rank sum test for non-normally distributed variables, and the Chi-square or Fisher 

exact test for categorical parameters. The Mantel extension test was used to evaluate linear 

trends across categories. A P-value <.05 (two-sided) was considered statistically significant. 

The statistical analyses were performed using the standard statistical software package SPSS 

25.0 (SPSS Inc., Chicago, Illinois, USA). 
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A total of 40 (20%), 46 (23%) and 31 (16%) of women with previous preeclampsia were 

classified as having metabolic syndrome postpartum according to the WHO, IDF and ATPIII 

updated criteria, respectively. Twenty-nine percent of women met the criteria for metabolic 

syndrome by any definition, and 14 percent of women met the criteria of all three definitions. 

The inter-relation between the three classifications is presented in Figure 2.

Table 3. General characteristics of the total group of 197 women included in the analysis

General characteristics Women with previous 
preeclampsia
(n=197)

Maternal age at assessment of metabolic syndrome (years) 30.2±3.5
Smoking (%) 17.8
Primiparous* (%) 90.9
Gestational age index pregnancy (weeks) 31.8±3.9
Fetal birth weight index pregnancy (g) 1380 (873–1950)
Birth weight centile index pregnancy 14 (6–26)
Interval between index delivery and assessment of metabolic syndrome (months) 13.2 (9.6–22.8)
Interval between assessment of metabolic syndrome and subsequent delivery (months) 20.4 (14.4–27.6)
Gestational age at subsequent pregnancy (years) 38.2±2.7
Fetal birth weight in subsequent pregnancy (g) 3083 (2599–3500)
Birth weight centile in subsequent pregnancy 34 (13–61)

Data are n/N (%), mean±standard deviation, or median (interquartile range). 
* Percentage of women that were primiparous at the time of assessment of metabolic syndrome. 

Figure 2. Inter-relation between three definitions of metabolic syndrome within the 197 formerly preeclamptic 
women. Circles and overlapping areas are scaled according to the prevalences of the definitions.*
ATPIII, Third Adult Treatment Panel**; IDF, International Diabetes Federation; WHO, World Health Organization.
Data are n.
* Definitions of components vary between the definitions of metabolic syndrome (Table 1) 
** Updated version.

The characteristics of the total group of 461 women with complete measurement of 

metabolic syndrome, including women with or without a subsequent pregnancy and women 

lost to follow up, are presented in Table 2. 

Table 2. Characteristics of total group of 461* women subdivided by category: with or without a subsequent 
pregnancy

A. 
Women with 
subsequent 
pregnancy
(n=197)

B. 
Women 
who did not 
conceive again 
within study 
period
(n=118)

C. 
Women lost to 
follow up
(n=146)

P-value**

General characteristics
Maternal age at assessment of metabolic 
syndrome (years)

30.2±3.5 32.1±3.7 32.5±4.7 <.001a,b

Smoking (%) 17.8 20.3 15.1
Obstetric history

Primiparous*** (%) 90.9 70.3 79.5 <.001a .004b       
Gestational age index pregnancy (weeks) 31.8±3.9 32.5±3.8 33.8±3.9 <.001b

Neonatal birth weight index pregnancy (g) 1380 
(873–1950)

1434
(1005–1998)

1768
(1093–2478)

<.001b

Birth weight centile index pregnancy 14 
(6–26)

12 
(5–25)

13
(5–35)

Assessment postpartum after index 
pregnancy

Interval between index delivery and 
assessment of metabolic syndrome 
(months)

13.2 
(9.6–22.8)

13.2 
(8.4–21.6)

14.4 
(8.4–28.8)

Data are n/N (%), mean±standard deviation, or median (interquartile range).
Statistics: Fischer exact, Student t test, or Wilcoxon rank sum test.
* Total group of 461 women with complete measurement of metabolic syndrome postpartum after the index 
pregnancy. 
** aA versus B, bA versus C.
*** Percentage of women that was primiparous at the time of assessment of metabolic syndrome.

Baseline characteristics of the 197 included women are shown in Table 3. Women delivered 

at a mean of 32 weeks of gestation (standard deviation 4 weeks) in the index pregnancy. 

Measurement of metabolic syndrome was performed at a median of 13 months postpartum 

(interquartile range 10–23 months). The median interval between measurement of metabolic 

syndrome and a subsequent pregnancy was 20 months (interquartile range 14–28 months) 

and mean gestational age in the subsequent pregnancy was 38 weeks (standard deviation 3 

weeks). Table 4 shows metabolic variables at assessment postpartum in the non-pregnant 

state after the index pregnancy of the 197 women in the study with a history of preeclampsia.
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The agreement between the criteria used for the definition of metabolic syndrome was 

considered substantial between WHO and IDF criteria (κ=0.64, 95% CI 0.53–0.79), between 

WHO and ATPIII updated criteria (κ=0.74, 95% CI 0.62–0.86), and between IDF and ATPIII 

updated criteria (κ=0.66, 95% CI 0.51–0.77). 

The co-occurrence of the specific components of the metabolic syndrome in the 197 women 

with previous preeclampsia is shown in Figure 3. When using the WHO criteria of metabolic 

syndrome, insulin resistance and hypertension were the most common components, present 

in 128 (65%) and 85 (43%) women, respectively. Hypertension, overweight and dyslipidemia 

were almost equally present when using the criteria of the IDF, while the percentage of 

women with disturbed glucose metabolism was much lower. By using the ATPIII updated 

version, hypertension dominated, followed by dyslipidemia. 

Agreement of the specific components among the criteria of metabolic syndrome is analysed 

using the kappa index (Table 5). Agreement was highest in hypertension (almost perfect 

agreement, κ=0.93, 95% CI 0.88–0.98) and lowest in insulin resistance/hyperglycemia (fair 

agreement, κ=0.26, 95% CI 0.17–0.35).

The prevalence of recurrent preeclampsia in the subsequent pregnancy was 45% in women 

with inter-pregnancy metabolic syndrome according to the WHO definition, compared 

with 17% in women without metabolic syndrome (P<.001) (Table 6). When using the 

ATPIII updated definition, the risk of recurrent preeclampsia was also greater in women 

with metabolic syndrome compared to women without metabolic syndrome, 39 and 20%, 

respectively (P=.02). However, applying the definition of metabolic syndrome according to 

the IDF, we found no statistically significant difference of recurrent preeclampsia between 

women with and without metabolic syndrome. 

Table 7 presents the contribution of the specific components of metabolic syndrome and lists 

prevalences and adjusted and unadjusted odds ratios of recurrent preeclampsia, comparing 

women with and without a specific component of the metabolic syndrome. The prevalence of 

recurrent preeclampsia was higher in women with the component hypertension, compared 

to women without inter-pregnancy hypertension, irrespective of which definition of 

metabolic syndrome was used. Women with inter-pregnancy dyslipidemia defined according 

to the definitions of IDF and ATPIII updated also had a higher risk of developing recurrent 

pregnancy, compared to women without dyslipidemia according to these definitions. 

There is a progressive increase in the risk of recurrence of preeclampsia in women with zero, 

one, two, three or more components of the metabolic syndrome. We found this gradient Ta
bl
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Table 5. Prevalences of specific components of metabolic syndrome in the 197 women with previous 
preeclampsia, according to definitions of WHO, IDF and ATPIII updated, and agreement amongst them 

WHO 
criteria

IDF 
criteria

ATPIII 
updated 
criteria

Kappa (95% CI)

Metabolic syndrome 
component

WHO versus 
IDF

WHO versus 
ATPIII updated

IDF versus 
ATPIII updated

Insulin resistance/
hyperglycemia*

128/197 
(65.0)

53/197 
(26.9)

53/197 
(26.9)

0.26 
(0.17–0.35)

0.26 
(0.17–0.35)

**

Hypertension* 85/197 
(43.1)

90/197 
(45.7)

90/197 
(45.7)

0.93 
(0.88–0.98)

0.93 
(0.88–0.98)

**

Dyslipidemia* 31/197 
(15.7)

77/197 
(39.1)

77/197 
(39.1)

0.45 
(0.34–0.57)

0.45 
(0.34–0.57)

**

Obesity/overweight* 31/197 
(15.7)

89/197 
(45.2)

31/197 
(15.7)

0.37 
(0.26–0.47)

** 0.37 
(0.26-0.47)

Albuminuria* 44/197 
(22.3)

– – – – –

ATPIII, Third Adult Treatment Panel; CI, confidence interval; IDF, International Diabetes Federation; WHO, World 
Health Organization. 
Data are n/N (%).
Statistics: Kappa Cohen.
* Definitions of components vary between the definitions of metabolic syndrome (Table 1). Women can have more 
than one component of metabolic syndrome. Nominator presents number of women with presence of that specific 
component of metabolic syndrome.
** Kappa Cohen not calculated, criteria are identical.

Table 6. Prevalences and adjusted and unadjusted odds ratios of recurrent preeclampsia in a subsequent 
pregnancy of the 197 included women, comparing women with and without inter-pregnancy metabolic 
syndrome, according to three different definitions of metabolic syndrome

Metabolic syndrome 
WHO

Metabolic syndrome
IDF

Metabolic syndrome
ATPIII updated

No Yes No Yes No Yes
n total 157 40 151 46 166 31
n (%) recurrent preeclampsia* 27 (17.2) 18 (45.0) 31 (20.5) 12 (26.0) 33 (19.9) 12 (38.7)
P-value <.001 .16 .02
Unadjusted OR (95% CI) 3.94 (1.86–8.33) 1.69 (0.81–3.56) 2.55 (1.12–5.76)
Adjusted OR (95% CI)** 3.77 (1.61–8.81) 1.59 (0.67–3.77) 2.83 (1.12–7.12)

ATPIII, Third Adult Treatment Panel; CI, confidence interval; IDF, International Diabetes Federation; OR, odds ratio; 
WHO, World Health Organization.
Data are n/N (%).
Statistics: Chi-square.
* In subsequent pregnancy.
** Adjustments for maternal age at assessment of metabolic syndrome (years), gestational age index delivery 
(weeks), birth weight centile index delivery (weeks), smoking (yes/no) and interval between index delivery and 
assessment of metabolic syndrome (months) were performed using logistic regression.

effect regardless of which definition of the metabolic syndrome was used (P for trend <.001 

for WHO and IDF criteria; P for trend =.003 for ATPIII updated criteria) (Table 8).

Figure 3. Venn diagrams of the 197 women distributed over the components of metabolic syndrome according 
to three definitions. A. WHO criteria. B. IDF criteria. C. ATPIII updated criteria. Circles and overlapping areas are 
not scaled according to the prevalences of the components.
ATPIII, Third Adult Treatment Panel*; IDF, International Diabetes Federation; WHO, World Health Organization.
Data are n.
* Updated version.

CHAPTER 6 COMPARISON OF DEFINITIONS OF METABOLIC SYNDROME AND RISK OF RECURRENT PREECLAMPSIA

6 6

96   97



Table 8. Prevalences of recurrent preeclampsia in a subsequent pregnancy of the 197 included women, 
comparing women with zero, 1, 2, 3 and more components of the metabolic syndrome, according to three 
different definitions of metabolic syndrome

0 components 1 component 2 components 3 or more components P for 
trend

WHO criteria n total 34 72 50 41 
n (%) recurrent 
preeclampsia*

4 (11.8) 11 (15.3) 12 (24.0) 18 (43.9) <.001

IDF criteria n total 43 55 56 43
n (%) recurrent 
preeclampsia*

2 (4.7) 10 (18.2) 18 (32.1) 15 (34.9) <.001

ATPIII updated 
criteria

n total 54 72 44 27
n (%) recurrent 
preeclampsia*

5 (9.3) 14 (19.4) 16 (36.4) 10 (37.0) .003

ATPIII, Third Adult Treatment Panel; IDF, International Diabetes Federation; WHO, World Health Organization.
Statistics: Mantel extension test.
* In subsequent pregnancy.

Discussion

Main findings
In this study the prevalence of metabolic syndrome postpartum in women with a history 

of preeclampsia ranged from 16 to 23 percent, depending on the criteria of metabolic 

syndrome used. There was substantial agreement between the criteria defined by the WHO, 

IDF and ATPIII updated.

Recurrent preeclampsia was more prevalent in women with inter-pregnancy metabolic 

syndrome compared to women without metabolic syndrome, using the WHO or ATPIII 

updated definitions. However, this was not observed when using the IDF criteria. 

The prevalence of recurrent preeclampsia rose with each additional constituent of metabolic 

syndrome, irrespective of the definition of metabolic syndrome. Hypertension was the 

leading component correlating with recurrent preeclampsia in all three definitions.

Strengths and limitations
Women included in our study were referred to a tertiary centre. Gestational age at index 

delivery was relatively early, suggesting inclusion of more cases with severe preeclampsia. 

This may lead to limitations in the generalisation of the results to the common population of 

women with a history of preeclampsia. However, the rate of recurrent preeclampsia in our 

study was within the range reported by others.

Table 7. Prevalences and adjusted and unadjusted odds ratios of recurrent preeclampsia in a subsequent 
pregnancy of the 197 included women, comparing women with and without specific components of the 
metabolic syndrome, according to three different definitions of metabolic syndrome

Metabolic syndrome component WHO criteria IDF criteria ATPIII updated 
criteria

Insulin resistance/ 
hyperglycemia*

Yes n total 128 53 53
n (%) recurrent preeclampsia 34 (26.6) 11 (20.8) 11 (20.8)

No n total 69 144 144
n (%) recurrent preeclampsia 11 (15.9) 34 (23.6) 34 (23.6)

Unadjusted OR (95% CI) 1.91 (0.90–4.06) 0.85 (0.39–1.83) 0.85 (0.39–1.83)
Adjusted OR (95% CI) 1.93 (0.79–4.74) 0.89 (0.37–2.14) 0.89 (0.37–2.14)

Hypertension* Yes n total 85 90 90
n (%) recurrent preeclampsia 31 (36.5) 31 (34.4) 31 (34.4)

No n total 112 107 107
n (%) recurrent preeclampsia 14 (12.5) 14 (13.1) 14 (13.1)

Unadjusted OR (95% CI) 4.02 (1.97–8.20) 3.49 (1.72–7.10) 3.49 (1.72–7.10)
Adjusted OR (95% CI) 3.00 (1.36–6.65) 2.69 (1.22–5.94) 2.69 (1.22–5.94)

Dyslipidemia* Yes n total 31 77 77
n (%) recurrent preeclampsia 10 (32.3) 27 (35.1) 27 (35.1)

No n total 166 120 120
n (%) recurrent preeclampsia 35 (21.1) 18 (15.0) 18 (15.0)

Unadjusted OR (95% CI) 1.78 (0.77–4.13) 3.06 (1.54–6.08) 3.06 (1.54–6.08)
Adjusted OR (95% CI) 1.67 (0.64–4.37) 3.62 (1.64–7.99) 3.62 (1.64–7.99)

Obesity/
overweight*

Yes n total 31 89 31
n (%) recurrent preeclampsia 11 (35.5) 26 (29.2) 11 (35.5)

No n total 166 108 166
n (%) recurrent preeclampsia 34 (20.5) 19 (17.6) 34 (20.5)

Unadjusted OR (95% CI) 2.14 (0.93–4.88) 1.93 (0.99–3.79) 2.14 (0.93–4.88)
Adjusted OR (95% CI) 1.92 (0.72–5.10) 1.91 (0.87–4.17) 1.92 (0.72–5.10)

Albuminuria* Yes n total 44 – –

n (%) recurrent preeclampsia 11 (25.0) – –
No n total 153 – –

n (%) recurrent preeclampsia 34 (22.2) – –

Unadjusted OR (95% CI) 1.17 (0.53–2.55) – –
Adjusted OR (95% CI) 0.78 (0.29–2.12) – –

ATPIII, Third Adult Treatment Panel; CI, confidence interval; IDF, International Diabetes Federation; OR, odds ratio; 
WHO, World Health Organization.
* Definitions of components vary between the definitions of metabolic syndrome (Table 1). Women can have more 
than one component of metabolic syndrome.
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with insulin resistance presumably works like a ‘double hit’ to the cardiovascular system. 

The co-existence of hypertension, a mechanical circulatory stressor, and hyperinsulinemia, a 

well-known biochemical cardio-metabolic stressor, makes the endothelium extra vulnerable 

for dysfunction. Insulin resistance has impact on vascular homeostasis with impaired 

vasodilation, causing early structural vascular changes.26 In the simultaneous presence of 

hypertension, there is also a mechanical impact on the microvasculature, leading to even 

more dysregulation of vascular tone.27 Insulin resistance in combination with hypertension 

may further deteriorate the impaired endothelium function and thereafter contribute to 

cardiovascular diseases, including hypertensive disease of pregnancy, chronic hypertension 

and eventually coronary artery disease.

Studies examining different metabolic syndrome definitions and their ability to predict future 

cardiovascular events in non-pregnant subjects, concluded that patients with metabolic 

syndrome according to the ATPIII updated definition were at a significantly high risk of 

future events.28-30 The authors suggested that the mandatory overweight criterion in the IDF 

definition resulted in a lower prevalence of other metabolic and cardiovascular risk factors.30 

In itself, without concomitant risk factors, obesity is a rather weak cardiovascular risk factor.31 

However, elevated blood pressure seems to be a stronger risk factor.32 Our data in women 

in the postpartum state are consistent with this interpretation in non-pregnant individuals.

 

Separately, each component of the definition of metabolic syndrome increases the risk of 

cardiovascular disease, but as a combination they are believed to become more powerful. 

Since the introduction of the metabolic syndrome, controversy exists about whether risks 

associated with the syndrome are greater than the risks of its individual components. Some 

studies in non-pregnant men and women have shown that individual components predicts 

cardiovascular disease risk by a similar magnitude as the actual syndrome.33 Others showed 

that the cluster of the two components insulin resistance and hypertension seemed to be 

most strongly associated with the concurrence of cardiovascular events than other clusters 

of metabolic syndrome.34 In our study the prevalence of recurrent preeclampsia rose when 

the number of components increased and was highest in women with ‘full-blown’ metabolic 

syndrome according to the WHO definition, indicating towards the important combination 

of hypertension and insulin resistance to predict recurrent preeclampsia and future 

cardiovascular disease.

In clinical practice, there is a need for a straightforward and easily accessible set of parameters 

to identify women after preeclampsia who are at risk for future events. In our study, the 

WHO definition of metabolic syndrome seems to be the best set in predicting recurrent 

preeclampsia. The components of the WHO definition are simple to measure and non-

In our study about 30 percent of women were lost to follow up. They represent a less severe 

group and might have been returned for care to their local physician. This could have led to 

under-representation of the healthier cases in our study group.

The observational design makes the study vulnerable to bias. We tried to overcome this by 

correcting for confounders in a multivariable model. Family history is a potential confounder, 

however we have no complete information about this subject and therefore we were not able 

to correct for it in our multivariate model. Also, we did not monitor lifestyle interventions 

between the index and subsequent pregnancy. Women might have started physical activities 

or diet changes in between pregnancies and health care providers might have promoted 

them. 

Assessment of metabolic syndrome was only performed at one point, postpartum after the 

index pregnancy complicated by preeclampsia. The exact moment of onset of metabolic 

syndrome in our study population is unknown, but the components are very likely to persist 

in the years following.25

Interpretation
Although the overall agreement between the definitions of metabolic syndrome in women 

after preeclampsia was substantial, only half of women with metabolic syndrome met the 

criteria of all three definitions. The disagreement in the other half of them was caused by the 

use of different cut-off points for metabolic syndrome. 

The highest prevalence of metabolic syndrome postpartum was found using the IDF criteria. 

This was probably due to the fact that the imperative and dominant component of the IDF 

criteria is overweight. The IDF definition applies a cut-off value of 25 for BMI, classifying three 

times as much women as having abnormal weight compared to the other two definitions 

with the BMI cut-off value of 30.

Ideally, a diagnosis of metabolic syndrome postpartum should be used in order to find 

women at risk for complications in future pregnancies and cardiovascular disease. Although 

IDF indicates most cases of metabolic syndrome, this criterion set does not seem to identify 

women at risk for recurrent preeclampsia. On the other hand, when using the WHO definition, 

women with inter-pregnancy metabolic syndrome have a risk of recurrent preeclampsia of 

45 percent, compared to 17 percent of women without metabolic syndrome. The WHO 

definition of metabolic syndrome combines a relatively low threshold for insulin resistance 

with the presence of hypertension amongst other components. Inter-pregnancy hypertension 

is found to be an important factor leading to recurrent preeclampsia and its combination 
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7
General discussion



This thesis focuses on metabolic syndrome in women after preeclampsia and it has the aim to 

unravel the link between those two entities. Insight in the mechanisms that cooperate along 

the pathway linking metabolic syndrome with preeclampsia could improve risk selection and 

guide therapy, with the ultimate goal to reduce future gestational and cardiovascular disease. 

In five studies we investigated the role of gestational age of onset of preeclampsia, cardiac 

diastolic function, plasma volume, several definitions of metabolic syndrome and the individual 

components of metabolic syndrome. The main research questions of this thesis are: 1. Is 

metabolic syndrome postpartum associated with early-onset rather than with late-onset 

vascular complicated pregnancy (Chapter 2)? 2. Do women with metabolic syndrome after 

vascular complicated pregnancy have reduced cardiac diastolic function as compared to women 

without metabolic syndrome (Chapter 3)? 3. Is the risk of recurrent preeclampsia increased 

in women with inter-pregnancy metabolic syndrome compared with formerly preeclamptic 

women without metabolic syndrome (Chapter 4)? 4. Does the concomitant presence of 

metabolic syndrome and low plasma volume raise the prevalence of recurrent preeclampsia, 

as compared with women without either entity (Chapter 5)? 5. What is the agreement among 

three widely used definitions of metabolic syndrome after preeclampsia and what is the risk of 

recurrent preeclampsia using these three different definitions (Chapter 6)?

Main findings and interpretation

Onset of preeclampsia and metabolic syndrome postpartum
Preeclampsia can be subdivided into two different entities: early-onset preeclampsia and 

late-onset preeclampsia. Although the presenting features overlap, the two are associated 

with different maternal and fetal outcomes, biochemical markers and clinical features.1,2 

Early-onset preeclampsia, the most severe clinical variant, occurs in five to 20 percent of 

all cases of preeclampsia and is a potentially life-threatening disease for both mother en 

baby, associated with fetal growth restriction and preterm delivery.3,4 In contrast, late-onset 

preeclampsia occurs in about 80 percent of all cases and is mostly associated with a low rate 

of fetal involvement and more favorable maternal and perinatal outcomes.

 

To test the hypothesis that metabolic syndrome is associated with early-onset rather than 

with late-onset vascular complicated pregnancy, we retrospectively studied 849 women 

with a history of vascular complicated pregnancy, including preeclampsia, and investigated 

the presence or absence of metabolic syndrome postpartum (Chapter 2). In our study, we 

observed a twofold higher prevalence of the metabolic syndrome in women after vascular 

complicated pregnancy when they delivered before 32 weeks of gestation as compared 
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Cardiac diastolic function and metabolic syndrome after preeclampsia
Preeclampsia is associated with significant changes to the cardiovascular system during 

pregnancy. Remodeling of the left ventricle occurs, resulting in impaired contractility and 

diastolic dysfunction.15-18 Increased prevalence of diastolic dysfunction has been shown in 

non-pregnant individuals with the metabolic syndrome and it is regarded as one of the first 

circulatory markers of imminent cardiovascular disease.19-22

In a cohort of 301 women we tested the hypothesis that women with metabolic syndrome 

after vascular complicated pregnancy have reduced cardiac diastolic functions as compared 

to women without metabolic syndrome (Chapter 3). We found diastolic dysfunction in 10 

percent of the women studied. Diastolic dysfunction was present in one out of four women 

with the metabolic syndrome compared with one out of 20 in those without metabolic 

syndrome.

Normal pregnancy is associated with significant hemodynamic and hormonal changes 

affecting the cardiovascular system.23-26 In preeclampsia there is a state of cardiovascular 

maladaptation with diminished cardiac remodeling, resulting in altered cardiac geometry and 

function.15-18 Reduced stroke volume, diastolic dysfunction, and left ventricular remodeling 

are mostly marked in severe and early-onset preeclampsia and are associated with adverse 

maternal and fetal outcome.27-29 Postpartum follow-up of women with a previous preeclampsia 

showed persistence of altered cardiac geometry and left ventricular dysfunction.30,31 Diastolic 

dysfunction may be the cause of heart failure in these women in later life.

Heart failure is a progressive condition, which starts with risk factors for left ventricular 

dysfunction and progresses further to asymptomatic changes in cardiac structure and 

function, finally evolving into symptomatic heart failure. Myocardial remodeling starts before 

the onset of symptoms. Diastolic dysfunction precedes the onset of systolic dysfunction in 

half of cardiac diseases, which further precedes the onset of heart failure.32,33

Non-pregnant individuals with the metabolic syndrome and normal left ventricular systolic 

function frequently show abnormalities in left ventricular diastolic function.20-22 All separate 

constituents of metabolic syndrome are correlated with diastolic dysfunction.21 Obesity and 

overweight independently predict diastolic dysfunction.34 In subjects with impaired glucose 

tolerance and patients with type 2 diabetes, insulin resistance is associated with impaired 

diastolic function of the left ventricle.35 Even a slight increase in plasma glucose levels is 

associated with abnormalities in diastolic function and an impaired glucose metabolism in 

hypertensive individuals might specifically deteriorate cardiac diastolic function. Besides, in 

untreated lean and obese subjects, hypertension is associated not only with a reduced insulin 

with at or beyond 32 weeks. This difference was independent of criteria used to define the 

metabolic syndrome and persisted after correction for confounders. 

It is suggested that early- and late-onset preeclampsia should be regarded as two distinct forms 

of the disease and that they have different etiologies with each their own pathophysiological 

aspects.1,2,5 Early-onset preeclampsia is commonly associated with abnormal placentation, 

defects in spiral artery remodeling and trophoblast invasion and impaired uterine blood 

circulation. Therefore, the early-onset form of preeclampsia is often called ‘placental disease’. 

On the other hand, late-onset preeclampsia has been referred to as ‘maternal disease’, 

since this form seemed to be associated with maternal factors, such as obesity and chronic 

hypertension. However, this subdivision of early- and late-onset preeclampsia into ‘placental’ 

and ‘maternal’ disease is not supported by the fact that women with previous early-onset 

preeclampsia show an overall less favorable cardiovascular risk profile, compared to women 

with late-onset preeclampsia, in particular for glucose and lipid levels.6,7 In addition, women 

after early-onset preeclampsia have a higher risk of chronic hypertension, compared to 

women after late-onset preeclampsia.8 Furthermore, women with a history of early-onset 

preeclampsia have an elevated risk of developing cardiovascular morbidity at middle age, 

with an increased risk of dying because of cardiovascular disease as compared to women 

after late-onset of the disease.9-11 These findings suggest that particular women after early-

onset preeclampsia have an abnormal ‘maternal’ metabolic and cardiovascular profile. 

Our results show that the metabolic syndrome, a cluster of typical ‘maternal’ factors, is 

more common after early-onset vascular complicated pregnancy than after late-onset of the 

disease. Metabolic syndrome is known to be an independent risk factor for cardiovascular 

disease.12-14 Considering pregnancy as a ‘stress test’, the cardiovascular system of women 

with a predisposition for metabolic syndrome will probably less easily adapt to the 

demanding circumstances of pregnancy, compared to women without metabolic syndrome. 

The cardiovascular system of pregnant women with full blown metabolic syndrome may ‘fail’ 

easier, leading to earlier en more severe forms of vascular complicated pregnancies, such 

as early-onset preeclampsia. This ‘failing’ of the cardiovascular system may be the first sign 

of impaired metabolic and cardiovascular reserve and unmasks women with a previously 

unrecognized cardiovascular risk profile who are at risk for subsequent cardiovascular 

disease in later life. 

Both ‘maternal’ and ‘placental’ factors seem to act together in the course towards (early-

onset) preeclampsia. This supports a more recently introduced hypothesis of preeclampsia 

being a metabolic and cardiovascular disease, with possible dysfunction of the placenta 

secondary to maternal cardiovascular maladaptation.
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risks of recurrence of preeclampsia, which are fundamental for proper counseling and 

management of subsequent pregnancies. In the long term, these women may benefit from 

the exposure of their metabolic syndrome and the additional possible lifestyle interventions, 

since women with recurrent preeclampsia are at highest risk of developing cardiovascular 

disease in later life.46 

Plasma volume and metabolic syndrome after preeclampsia
Preeclampsia has been linked to low plasma volume.47-51 In women with a history of 

preeclampsia the prevalence of low plasma volume is about 50 percent.47,50 In a cohort of 

196 women with a history of preeclampsia we tested the hypothesis that the concomitant 

presence of metabolic syndrome and low plasma volume acts synergistically and raises 

the prevalence of recurrent preeclampsia, as compared with women without either entity 

(Chapter 5). Our results show that the prevalence of recurrent preeclampsia rises from about 

10 percent in women without inter-pregnancy metabolic syndrome with a normal plasma 

volume to nearly 50 percent in the concomitant presence of both metabolic syndrome and 

low plasma volume. 

In normal pregnancy the maternal cardiovascular system undergoes major changes to provide 

oxygen and nutrients to the fetus. In order to supply on demand, there must be a reduction 

in systemic vascular resistance with a parallel rise in plasma volume. These adaptations 

result in a significant increase in blood flow. In healthy pregnant women intravascular 

plasma volume increases with 40 to 50 percent in mid-pregnancy without a consequent 

rise in blood pressure, requiring a highly compliant venous system.52,53 Previous studies have 

demonstrated that women with pre-pregnant low plasma volume have reduced plasma 

volume expansion in pregnancy.48,54 If plasma volume expansion is insufficient, increase in 

cardiac preload is limited and depending on increased venous tone. As a consequence, the 

maternal cardiovascular system is not able to respond persistently to the necessary high-flow, 

low resistance state of pregnancy. The maternal system will enhance sympathetic activity to 

preserve venous return, resulting in a hyperdynamic circulation with arterial vasoconstriction 

and increased shear stress over the endothelium.48,55 Eventually this situation leads to 

endothelial dysfunction and hypertension, clinically well-known as preeclampsia. 

Low plasma volume is considered to reflect latent hypertension.56 A recent prospective study 

demonstrates that low plasma volume predisposes to hypertension. About one out of six 

normotensive formerly preeclamptic women developed chronic hypertension within the 

subsequent five years.57 In these apparently healthy women low plasma volume correlates 

with increased risk to develop chronic hypertension. Low plasma volume may therefore 

reflect a latent hypertensive profile that can become manifest within a few years after the 

sensitivity but also with the response of the myocardium to increased insulin levels, inducing 

a greater impairment of diastolic function.36 Earlier studies also found a positive correlation 

between the number of characteristics of metabolic syndrome and the diastolic dysfunction 

grade.37,38 Arterial hypertension, central obesity, hyperglycemia and hypertriglyceridemia 

showed a significant correlation with the degree of diastolic dysfunction.

Our study demonstrated that the presence of the metabolic syndrome after vascular 

complicated pregnancy, including preeclampsia, increases the risk of cardiac diastolic 

dysfunction fourfold. Diastolic dysfunction is one of the first symptoms of imminent 

cardiovascular disease. Evaluation of diastolic dysfunction in women with metabolic 

syndrome after vascular complicated pregnancy, including preeclampsia, may be effective in 

reducing remote cardiovascular morbidity in these young women. 

Recurrent preeclampsia and metabolic syndrome
Women with a history of previous preeclampsia are at an increased risk of recurrent 

preeclampsia and other adverse pregnancy outcomes in subsequent pregnancies.39,40 The 

magnitude of this risk is dependent on gestational age at time of disease onset in the index 

pregnancy, severity of disease, and presence or absence of preexisting medical disorders.41

In a retrospective cohort study of 197 women we tested the hypothesis that the risk of 

recurrent preeclampsia is increased in women with inter-pregnancy metabolic syndrome 

compared with formerly preeclamptic women without inter-pregnancy metabolic syndrome 

(Chapter 4). Subsequently, we categorized women as having zero, one, two, or three or more 

components of the metabolic syndrome according to the World Health Organization (WHO) 

criteria (hyperinsulinemia, obesity, dyslipidemia, hypertension and albuminuria), comparing 

those component-groups on the recurrence risk of preeclampsia. We concluded that inter-

pregnancy metabolic syndrome predisposes women to recurrent preeclampsia. The risk of 

recurrent preeclampsia increases with each extra component of the metabolic syndrome as 

defined by the WHO criteria. 

There is no single pathophysiological pathway that links metabolic syndrome to (recurrent) 

preeclampsia, just as no single risk factor leads to cardiovascular disease in later life. 

However, in our study, hypertension and hyperinsulinemia were the two leading components 

correlating metabolic syndrome with recurrent preeclampsia, while obesity, dyslipidemia 

and albuminuria played a less dominant role. Both insulin resistance and hypertension 

contribute to endothelial dysfunction, a common mechanism involved in the development 

of cardiovascular disease and preeclampsia.42-45

In the short term our findings can improve patient and physician awareness of the individual 
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with the concurrence of cardiovascular events than other clusters of metabolic syndrome.63 

The WHO definition of metabolic syndrome combines a relatively low threshold for insulin 

resistance with the presence of hypertension amongst other components. Inter-pregnancy 

hypertension is found to be an important factor leading to recurrent preeclampsia and its 

combination with insulin resistance presumably works like a ‘double hit’ to the cardiovascular 

system.

 

Future perspectives

Screening and individualized risk estimation
The high prevalence of metabolic syndrome after preeclampsia, its relation with recurrent 

preeclampsia, the associated cardiac diastolic dysfunction and the link with future 

cardiovascular diseases, all support the recommendation to targeted screen women after 

preeclampsia for metabolic syndrome. 

Development of preeclampsia, in other words ‘failing’ of the ‘stress test’ for the cardiovascular 

system, points out those women with a previously unrecognized predisposition for metabolic 

syndrome and cardiovascular disease at a relatively early stage of their life. The presence 

of preeclampsia can uniquely serve as an early indicator of future cardiovascular risk. 

Conventional cardiovascular risk scoring systems, like the Framingham Risk score are of limited 

use for young women.64 These systems are designed to be used with middle-aged or older 

individuals and therefore will miss the opportunity to identify women after preeclampsia as 

being a high risk group at their young age. This highlights an important question: can currently 

available cardiovascular risk scoring systems be improved by integrating the gestational history 

of a woman? Our studies underline that such a scoring system should focus on the presence 

of metabolic syndrome after vascular complicated pregnancy, with special attention to the 

combination of hypertension and hyperinsulinemia. Whether such scoring systems with a 

population-based approach are cost-effective to reduce future cardiovascular risks, needs to 

be established in prospective studies. At least, the components of metabolic syndrome are 

easily measured at relatively low costs and pregnancy complications occur early enough in 

a woman’s lifespan to potentially initiate meaningful risk-reduction strategies. Furthermore, 

successful score systems to predict cardiovascular disease after preeclampsia could help 

raising public health awareness of this topic, in order to change behavior patterns by both 

patients and health care workers. 

Assessment of concurrent cardiac diastolic dysfunction in women with metabolic syndrome 

after preeclampsia could be considered, by reason of the high prevalence of diastolic 

preeclamptic pregnancy. It is plausible that in this way plasma volume is part of the link 

between preeclampsia and cardiovascular disease in later life.

In an earlier study low plasma volume has already been linearly linked with recurrent 

preeclampsia.50 In our study we found that in the concomitant presence of metabolic 

syndrome postpartum and low plasma volume, the prevalence of recurrent preeclampsia 

was nearly 50 percent, which is four times as high as the prevalence in women without 

either entity. Hyperinsulinemia, one of the main criteria of metabolic syndrome, appeared 

to be a leading component correlating with recurrent preeclampsia. Hyperinsulinemia is a 

well-known cardiometabolic stress condition, contributing to endothelial dysfunction and 

is also related to enhanced sympathetic activity.58,59 As these mechanisms also seem to 

play an important role in the pathophysiologic pathway that links low plasma volume with 

preeclampsia, we hypothesized a ‘double hit’ theory. Co-existent metabolic and circulatory 

stressors make the endothelium extra vulnerable, leading to an additional increase in the risk 

of recurrent preeclampsia in the concomitant presence of both metabolic syndrome and low 

plasma volume.

Comparing definitions of metabolic syndrome after preeclampsia
No standard definition for metabolic syndrome has been routinely used. Several metabolic 

syndrome definitions are formulated by different international organizations and it is unclear 

which definition is most strongly associated with preeclampsia and recurrence of the disease. 

We determined the prevalence of metabolic syndrome in 197 formerly preeclamptic 

women according to three commonly used definitions (World Health Organization [WHO], 

International Diabetes Federation [IDF], and Third Adult Treatment Panel updated [ATPIII 

updated])60-62 to evaluate agreement amongst definitions and to compare the risk of recurrent 

preeclampsia (Chapter 6). We found substantial agreement among WHO, IDF and ATPIII 

updated criteria in women after preeclampsia. The IDF diagnosis of metabolic syndrome 

does not result in a higher risk of recurrent preeclampsia, while women fulfilling one of the 

other two definitions of metabolic syndrome have a more than twofold risk of recurrent 

preeclampsia compared to women without metabolic syndrome. Out of the three definitions, 

the WHO criterion set of metabolic syndrome seems to perform best in identifying formerly 

preeclamptic women at increased risk for recurrent preeclampsia. 

In our study the prevalence of recurrent preeclampsia rose when the number of components 

increased and was highest in women with ‘full-blown’ metabolic syndrome according to the 

WHO definition, indicating towards the important combination of hypertension and insulin 

resistance to predict recurrent preeclampsia. Equally, in non-pregnant individuals, the 

combination of insulin resistance and hypertension seemed to be most strongly associated 
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activity.76,77 However, it is unclear whether adherence to a healthy lifestyle could lead to 

reduction of diastolic dysfunction in formerly preeclamptic women. 

Life style interventions, such as exercise training and dietary changes, have the potential 

to improve outcome of future pregnancy and perhaps reduces remote cardiovascular risk 

in formerly preeclamptic women. Lifestyle interventions before or during pregnancy in 

subgroups, such as women who are obese or have had gestational diabetes, are known to 

be effective in reducing maternal weight and improving obstetrical outcome.78-80 Aerobic 

exercise in a cohort of formerly preeclamptic women induced plasma volume expansion, 

reduced all components of metabolic syndrome and the effect of exercise training on 

insulin resistance was remarkably large.81,82 Therefore, exercise is likely to have an impact 

on both metabolic syndrome as plasma volume in formerly preeclamptic women. The 

efficacy of lifestyle modifications to actually lower metabolic syndrome, diastolic dysfunction 

and cardiovascular risk in women with prior preeclampsia has to be determined. Large 

longitudinal and intervention studies, with follow-up periods of many years are needed to 

evaluate the effects of postpartum lifestyle changes. 

The practical implementation of lifestyle intervention remains a challenge. Both adoption 

and maintenance of new risk-reducing behaviors meets barriers. However, women in the 

postpartum period after complicated pregnancy are generally motivated, due to their 

recent gestational problems, the perceived increased risk of future disease and the risk of 

recurrence in a next pregnancy. Studies have confirmed that women are willing to participate 

in lifestyle intervention programs after complicated pregnancy and that these interventions 

seem feasible.79,83 

A detailed discussion of the evidence for drug treatment and surgical treatment in women 

with metabolic syndrome is beyond the scope of this thesis, but it is worth noting that 

drug treatment as well as laparoscopic weight-reduction surgery in selected non-pregnant 

patients seems to result in a reduction of metabolic syndrome after treatment.84,85

Based on our observations, cardiovascular risk management after preeclampsia should focus 

on controlling metabolic syndrome in general, and hypertension and insulin resistance in 

particular, with the opportunity of additional attention to plasma volume and cardiac diastolic 

dysfunction. Our results suggest the importance of promoting life style interventions tailored 

to women’s particular risk profile. Future research evaluating lifestyle modification is needed 

to clarify which aspects and what degree of lifestyle modification are best to improve health 

behavior and health outcome in formerly preeclamptic women. 

dysfunction and the possible remote cardiovascular morbidity. The prognosis of women with 

compromised cardiac function is poorer than that of men. Women often present with atypical 

symptoms, resulting in delayed presentation, delayed diagnosis and suboptimal care.65 These 

factors underline the need to identify women at risk of future cardiovascular disease. 

Women after pregnancy complicated by preeclampsia and their clinicians are particularly 

interested in individualized risk estimation. Ideally, postpartum counseling includes personal 

information about the absolute risk of recurrent gestational disease and future cardiovascular 

disease, the recommended frequency and intensity of follow-up in a subsequent pregnancy 

and later life, and information about the effect of lifestyle changes or medical therapy. 

While there seems to be no single pathophysiological pathway that links preeclampsia to 

cardiovascular disease, tailored and detailed prediction models with risk-dependent weight 

for each factor are needed to predict a woman’s personal risk. Several prediction models 

based on maternal characteristics and biomarkers have yet been developed for the risk 

of preeclampsia.66-69 Our findings indicate towards a prominent role of the (components 

of) metabolic syndrome and possibly cardiac function parameters in such models. Future 

research should evaluate whether the incorporation of these factors could improve the 

present prediction models. 

The effect of lifestyle intervention 
Lifestyle intervention is consistently regarded as the first-line treatment and the cornerstone 

of management of the metabolic syndrome.62,70 A number of clinical trials show that lifestyle 

intervention results in resolution of metabolic syndrome in a quarter of subjects.71-73 Data 

show that each component of metabolic syndrome can be modified by changing lifestyle.62 

The main lifestyle interventions for the treatment of the metabolic syndrome are similar to 

those for other chronic diseases of lifestyle

 

and include nutritional intervention, promotion 

of physical activity, and education. The health benefits of regular physical activity for 

metabolic syndrome in non-pregnant individuals are well established: improvements in 

insulin sensitivity, increased muscle glucose uptake, improved glycemic control, improved 

lipid profile, reduced body weight, reduced blood pressure and reductions in the overall 

cardiovascular risk.62 Adherence to various lifestyle habits shows a greater cooperative effect 

than a single habit in particular, possibly by affecting multiple risk factors.74 This supports 

our ‘double hit’ theory, in which (latent) hypertension and hyperinsulinemia seem to act 

synergetic. 

Diastolic dysfunction in non-pregnant females is associated with a sedentary lifestyle.75 

Regular exercise training may provide protection against the future risk of heart failure. 

There are studies demonstrating that diastolic dysfunction could be reversed by physical 
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Summary

This thesis focuses on metabolic syndrome in women after preeclampsia and it has the aim 

to unravel the link between those two entities. 

Chapter one introduces preeclampsia and the link with metabolic syndrome. Women after 

preeclampsia are at increased risk for cardiovascular disease in future life. The metabolic 

syndrome, an independent risk factor for cardiovascular disease, is more prevalent in 

women after preeclampsia. Several pathophysiological mechanisms, including endothelial 

dysfunction, low plasma volume and impaired maternal heart function seem to cooperate 

along the pathway linking metabolic syndrome with preeclampsia and future cardiovascular 

disease. Better understanding of these mechanisms could improve risk selection and guide 

therapy, with the goal to reduce future gestational and cardiovascular disease.

In chapter two we studied the hypothesis that the metabolic syndrome is associated with 

early-onset rather than with late-onset vascular complicated pregnancy. Although the 

presenting features overlap, the two are characterized by different clinical features, maternal 

and fetal outcomes. There is evidence that cardiovascular disease risk after early-onset 

preeclampsia is higher compared to the risk after late-onset of the disease. This raises the 

question whether the metabolic syndrome is partly responsible for this difference. 

Therefore, we retrospectively studied 849 women with a history of vascular complicated 

pregnancy, including preeclampsia, and investigated the presence or absence of metabolic 

syndrome postpartum, using four internationally accepted criteria (World Health Organization 

[WHO], International Diabetes Federation [IDF], Third Adult Treatment Panel [ATPIII] and 

ATPIII updated criteria). The prevalence of metabolic syndrome in our cohort was 10 to 20 

percent, depending on the criteria used. We observed a twofold higher prevalence of the 

metabolic syndrome in women after vascular complicated pregnancy when they delivered 

before 32 weeks of gestation as compared with at or beyond 32 weeks. This difference was 

independent of criteria used to define the metabolic syndrome and persisted after correction 

for confounders. 

Considering pregnancy as a ‘stress test’, the cardiovascular system of women with a 

predisposition for metabolic syndrome may less easily adapt to the demanding circumstances 

of pregnancy, leading to more severe forms of vascular complicated pregnancies, such as 

early-onset preeclampsia. This ‘failing’ of the cardiovascular system may be the first sign 

of impaired metabolic and cardiovascular reserve and unmasks women with a previously 

unrecognized cardiovascular risk profile who are at risk for subsequent cardiovascular 
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Our findings can improve patient and physician awareness of the individual risks of recurrence 

of preeclampsia. Women with recurrent preeclampsia are at highest risk of developing 

cardiovascular disease in later life and they may benefit from lifestyle interventions focused 

on the metabolic syndrome postpartum. 

In chapter five we hypothesized that in women with a history of preeclampsia the concomitant 

presence of metabolic syndrome and low plasma volume acts synergistically and raises the 

prevalence of recurrent preeclampsia. Preeclampsia has been linked to low plasma volume. 

In women with a history of preeclampsia the prevalence of low plasma volume is about 50 

percent. 

In a cohort of 196 women with a history of preeclampsia we determined the prevalence of 

recurrent preeclampsia in women with both metabolic syndrome and low plasma volume 

postpartum, as compared with women without either entity. Our results show that the 

prevalence of recurrent preeclampsia rises from about 10 percent in women without inter-

pregnancy metabolic syndrome with a normal plasma volume to nearly 50 percent in the 

concomitant presence of both metabolic syndrome and low plasma volume. 

Our data support the theory that women with a history of preeclampsia vary in their 

metabolic and circulatory profile. It seems worth distinguishing these women from each 

other, as recurrence risks of preeclampsia differ according to profile. 

Chapter six compares three definitions of metabolic syndrome after preeclampsia. No 

standard definition for metabolic syndrome has been routinely used. Several metabolic 

syndrome definitions are formulated by different international organizations and it is unclear 

which definition is most strongly associated with preeclampsia and recurrence of the disease. 

We determined the prevalence of metabolic syndrome in 197 formerly preeclamptic women 

according to three commonly used definitions (WHO, IDF and ATPIII updated criteria) to 

evaluate agreement amongst definitions and to compare the risk of recurrent preeclampsia. 

We found substantial agreement among WHO, IDF and ATPIII updated criteria in women after 

preeclampsia. The IDF diagnosis of metabolic syndrome does not result in a higher risk of 

recurrent preeclampsia, while women fulfilling one of the other two definitions of metabolic 

syndrome have a more than twofold risk of recurrent preeclampsia compared to women 

without metabolic syndrome. 

In our study the prevalence of recurrent preeclampsia rose when the number of components 

increased and was highest in women with ‘full-blown’ metabolic syndrome according 

to the WHO definition. The WHO definition of metabolic syndrome combines a relatively 

disease in later life. 

Chapter three evaluates cardiac diastolic function in women with a recent history of a vascular 

complicated pregnancy and concomitant metabolic syndrome. In normal pregnancy, radical 

cardiovascular changes occur in order to meet the maternal and fetal needs. Preeclampsia is 

associated with impaired cardiac remodelling and diastolic dysfunction. Increased prevalence 

of diastolic dysfunction has also been shown in the metabolic syndrome.

In a cohort of 301 women we tested the hypothesis that women with metabolic syndrome 

after vascular complicated pregnancy have reduced cardiac diastolic functions as compared 

to women without metabolic syndrome. We found diastolic dysfunction in 10 percent of 

the women studied. Diastolic dysfunction was present in one out of four women with the 

metabolic syndrome compared with one out of 20 in those without metabolic syndrome. 

Our study demonstrated that the presence of the metabolic syndrome after vascular 

complicated pregnancy, including preeclampsia, increases the risk of cardiac diastolic 

dysfunction. Diastolic dysfunction is one of the first symptoms of imminent cardiovascular 

disease. Further research is needed to study whether screening for diastolic dysfunction in 

women after preeclampsia is effective in reducing remote cardiovascular morbidity.

In chapter four the role of metabolic syndrome in recurrent preeclampsia is described. 

Women with a history of previous preeclampsia are at increased risk of recurrence in 

subsequent pregnancies. It is plausible that women with persisting metabolic syndrome are 

more susceptible to recurrent preeclampsia. 

In a retrospective cohort study of 197 women, we evaluated whether the risk of recurrent 

preeclampsia is increased in women with inter-pregnancy metabolic syndrome compared with 

formerly preeclamptic women without metabolic syndrome. Subsequently, we categorized 

women as having zero, one, two, or three or more components of the metabolic syndrome 

according to the WHO criteria (hyperinsulinemia, obesity, dyslipidemia, hypertension and 

albuminuria), comparing those component-groups on the recurrence risk of preeclampsia. 

We concluded that inter-pregnancy metabolic syndrome predisposes women to recurrent 

preeclampsia. The risk of recurrent preeclampsia increases with each extra component of 

the metabolic syndrome as defined by the WHO criteria. In our study, hypertension and 

hyperinsulinemia were the two leading components correlating metabolic syndrome with 

recurrent preeclampsia, while obesity, dyslipidemia and albuminuria played a less dominant 

role. 
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Samenvatting

Dit proefschrift richt zich op het metabool syndroom bij vrouwen met pre-eclampsie in 

de voorgeschiedenis en het heeft als doel de link tussen deze twee aandoeningen op te 

helderen. 

Hoofdstuk een vormt de introductie van dit proefschrift. In dit hoofdstuk wordt het ziektebeeld 

pre-eclampsie geïntroduceerd evenals de link met het metabool syndroom. Vrouwen bij 

wie de zwangerschap werd gecompliceerd door pre-eclampsie hebben een toegenomen 

risico op hart- en vaatziekten op latere leeftijd. Het metabool syndroom, een onafhankelijke 

risicofactor voor hart- en vaatziekten, komt vaker voor bij vrouwen met pre-eclampsie in 

de voorgeschiedenis. De link tussen het metabool syndroom, pre-eclampsie en toekomstige 

hart- en vaatziekten is complex, waarbij diverse pathofysiologische mechanismen, waaronder 

endotheeldysfunctie, gering plasmavolume en verminderde maternale hartfunctie een rol 

lijken te spelen. Inzicht in deze mechanismen kan bijdragen aan een betere risicoselectie 

en therapiekeuze, met als doel het verbeteren van zwangerschapsuitkomsten en het 

verminderen van hart- en vaatziekten bij deze vrouwen.  

In hoofdstuk twee testen we de hypothese dat het metabool syndroom vooral geassocieerd is 

met de vroege vorm van vasculaire zwangerschapscomplicaties, zoals vroege pre-eclampsie. 

Hoewel de kenmerken elkaar overlappen, worden de vroege en late vorm van pre-eclampsie 

gekarakteriseerd door een verschillend klinisch beloop, met overwegend andere uitkomsten 

voor moeder en kind. Er zijn aanwijzingen dat het risico op hart- en vaatziekten na vroege 

pre-eclampsie groter is dan het risico na late pre-eclampsie. Dit roept de vraag op of het 

metabool syndroom medeverantwoordelijk is voor dit verschil. 

In een retrospectief onderzoek werd bij 849 vrouwen die een vasculaire zwangerschaps-

complicatie doormaakten, de aan- of afwezigheid van het metabool syndroom postpartum 

vastgesteld. Het metabool syndroom werd geclassificeerd volgens vier internationaal 

geaccepteerde criteria (World Health Organization [WHO], International Diabetes Federation 

[IDF], Third Adult Treatment Panel [ATPIII] en ATPIII updated criteria). De prevalentie van 

het metabool syndroom in ons cohort was 10 tot 20 procent, afhankelijk van de criteria die 

gebruikt werden. Het metabool syndroom bleek tweemaal zo vaak voor te komen bij vrouwen 

na een vasculaire zwangerschapscomplicatie vóór 32 weken zwangerschap vergeleken met 

vrouwen die eenzelfde complicatie doormaakten na 32 weken. Dit verschil was onafhankelijk 

van de criteria die gebruikt werden om het metabool syndroom te definiëren en bleef ook 

bestaan na correctie voor confounders.

low threshold for insulin resistance with the presence of hypertension amongst other 

components. Insulin resistance and hypertension are the leading factors correlating with 

recurrent preeclampsia and their combination presumably works like a ‘double hit’ to the 

endothelium and cardiovascular system.

In the final chapter seven the results of this thesis are discussed, clinical consequences of 

our studies are highlighted and implications for further research are provided.

The high prevalence of metabolic syndrome after preeclampsia, its relation with recurrent 

preeclampsia, the associated cardiac diastolic dysfunction and the link with future 

cardiovascular diseases, all support the recommendation to targeted screen women after 

preeclampsia for metabolic syndrome.

Our results underline further investigation of personalized cardiovascular prediction models 

in women after pregnancy complicated by preeclampsia, with a prominent role of metabolic 

syndrome in such models. Based on our observations, cardiovascular risk management 

after preeclampsia should focus on metabolic syndrome in general, and hypertension and 

insulin resistance in particular, with possible attention to plasma volume and cardiac diastolic 

dysfunction. Ideally, in the future, we will offer lifestyle interventions that are tailored to 

the individual risk profile of women after preeclampsia, with the ultimate goal to improve 

gestational and cardiovascular health in these young women.
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Zwangerschap kan beschouwd worden als een ‘stress-test’ voor het cardiovasculaire 

systeem van de vrouw. Onze bevindingen suggereren dat het cardiovasculaire systeem van 

vrouwen met aanleg voor het metabool syndroom zich minder makkelijk aanpast aan de 

veeleisende omstandigheden van een zwangerschap. Dit kan leiden tot de meer ernstige 

vormen van vasculaire zwangerschapscomplicaties, zoals vroege pre-eclampsie. Dit ‘falen’ 

van het cardiovasculaire systeem kan het eerste teken zijn van een verminderde metabole 

en cardiovasculaire reserve. Hierdoor worden vrouwen met aanleg voor het metabool 

syndroom, met een tot dan toe onbekend cardiovasculair risicoprofiel waarbij een verhoogd 

risico op hart- en vaatziekten bestaat, als het ware ontmaskerd in hun zwangerschap. 

Hoofdstuk drie evalueert de diastolische hartfunctie bij vrouwen met het metabool syndroom 

na een recente vasculaire zwangerschapscomplicatie. Tijdens een normale zwangerschap past 

het maternale cardiovasculaire systeem zich aan om te kunnen voorzien in de toegenomen 

behoeften van de aanstaande moeder en foetus. Bij pre-eclampsie echter, is sprake van 

abnormale cardiale aanpassingen met een verhoogd risico op diastolisch hartfunctieverlies. 

Diastolisch hartfunctieverlies is eveneens beschreven bij het metabool syndroom.

In een cohort van 301 vrouwen die een vasculaire zwangerschapscomplicatie doormaakten, 

onderzochten we of de diastolische hartfunctie verminderd was bij vrouwen die tevens het 

metabool syndroom postpartum hadden, vergeleken met vrouwen zonder het metabool 

syndroom. Bij 10 procent van de onderzochte vrouwen bleek sprake van diastolische 

dysfunctie. Diastolische dysfunctie was aanwezig bij een op de vier vrouwen met het 

metabool syndroom, vergeleken met een op de 20 vrouwen zonder het metabool syndroom. 

Onze studie toont aan dat de aanwezigheid van het metabool syndroom na vasculaire 

zwangerschapscomplicaties, zoals pre-eclampsie, het risico op cardiale diastolische 

dysfunctie vergroot. Diastolische dysfunctie kan uiteindelijk leiden tot klinisch hartfalen. 

Verder onderzoek moet uitwijzen of screenen op diastolische dysfunctie bij vrouwen na pre-

eclampsie zinvol is en of dit ernstige cardiovasculaire morbiditeit op de lange termijn kan 

voorkomen.

In hoofdstuk vier wordt de rol van het metabool syndroom bij herhaalde pre-eclampsie 

beschreven. Vrouwen met pre-eclampsie in de voorgeschiedenis hebben in de volgende 

zwangerschap een verhoogd risico om opnieuw pre-eclampsie te krijgen. Mogelijk zijn 

vrouwen met het metabool syndroom extra vatbaar voor herhaalde pre-eclampsie. 

In een retrospectief onderzoek bij 197 vrouwen met pre-eclampsie in de voorgeschiedenis 

hebben we geëvalueerd of het risico op herhaalde pre-eclampsie was toegenomen bij 

vrouwen met het metabool syndroom tussen beide zwangerschappen in vergelijking met 

vrouwen zonder het metabool syndroom. Vervolgens hebben we vrouwen gecategoriseerd 

in groepen van nul, een, twee en drie of meer componenten van het metabool syndroom 

volgens de WHO-criteria (hyperinsulinemie, obesitas, dyslipidemie, hypertensie en 

albuminurie), waarbij we deze componentgroepen vergeleken wat betreft de herhaalkans 

op pre-eclampsie. We concludeerden dat vrouwen met het metabool syndroom postpartum 

een verhoogde kans hebben op herhaalde pre-eclampsie. Het risico op herhaalde pre-

eclampsie nam toe met elke extra bijkomende component van het metabool syndroom zoals 

gedefinieerd door de WHO-criteria. In onze studie waren hypertensie en hyperinsulinemie de 

twee belangrijkste componenten in de relatie tussen het metabool syndroom en herhaalde 

pre-eclampsie, terwijl obesitas, dyslipidemie en albuminurie een minder grote rol speelden.

Onze bevindingen kunnen zorgverlener en patiënt inzicht geven in individuele risico’s op 

herhaalde pre-eclampsie. Vrouwen met herhaalde pre-eclampsie lopen bovendien een groot 

risico om op latere leeftijd hart- en vaatziekten te ontwikkelen en hebben mogelijk baat bij 

leefstijlinterventies die zich specifiek richten op het metabool syndroom postpartum.

In hoofdstuk vijf onderzoeken we of de combinatie van het metabool syndroom en een 

gering plasmavolume synergistisch werkt en predisponeert voor herhaalde pre-eclampsie. 

Gering plasmavolume is gerelateerd aan pre-eclampsie. Ongeveer de helft van de vrouwen 

met pre-eclampsie in de voorgeschiedenis heeft een gering plasmavolume. 

In een cohort van 196 vrouwen met pre-eclampsie in de voorgeschiedenis bepaalden we de 

prevalentie van herhaalde pre-eclampsie. We vergeleken vrouwen met de combinatie van 

het metabool syndroom een een gering plasmavolume postpartum met vrouwen zonder 

beide entiteiten. Herhaalde pre-eclampsie bleek voor te komen bij ongeveer 10 procent van 

de vrouwen zonder het metabool syndroom met een normaal plasmavolume, vergeleken 

met bijna 50 procent bij de gelijktijdige aanwezigheid van zowel het metabool syndroom als 

een gering plasmavolume.

Onze gegevens demonstreren dat er grote diversiteit bestaat wat betreft het metabole en 

cardiovasculaire risicoprofiel van vrouwen met een pre-eclampsie in de voorgeschiedenis. Het 

lijkt de moeite waard om deze vrouwen van elkaar te onderscheiden, omdat de herhaalkans 

van pre-eclampsie verschilt afhankelijk van hun risicoprofiel. 

Hoofdstuk zes vergelijkt drie definities van het metabool syndroom na pre-eclampsie. Een 

standaarddefinitie voor het metabool syndroom ontbreekt. Internationaal worden meerdere 

definities gebruikt, gedefinieerd door verschillende organisaties. Het is niet duidelijk welke 

definitie van het metabool syndroom het sterkst geassocieerd is met pre-eclampsie en 

herhaling van de ziekte.
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Bij 197 vrouwen met een pre-eclampsie in de voorgeschiedenis bepaalden we de prevalenties 

van het metabool syndroom postpartum, geclassificeerd volgens drie veelgebruikte criteria 

(WHO, IDF en ATPIII updated criteria). Overeenstemming tussen de definities werd geëvalueerd 

en het risico van herhaalde pre-eclampsie werd vergeleken. We vonden substantiële 

overeenstemming tussen de WHO, IDF en ATPIII updated criteria. De IDF-diagnose van het 

metabool syndroom leidde niet tot een groter risico op herhaalde pre-eclampsie, terwijl 

vrouwen die aan een van de andere twee definities van het metabool syndroom voldeden, een 

meer dan tweevoudig risico op herhaalde pre-eclampsie hadden in vergelijking met vrouwen 

zonder het metabool syndroom.

In onze studie nam het risico op herhaalde pre-eclampsie toe naargelang het aantal 

componenten van het metabool syndroom steeg. De prevalentie van herhaalde pre-

eclampsie was het grootst bij vrouwen met het complete metabool syndroom volgens de 

WHO-definitie. De WHO-definitie van het metabool syndroom combineert een relatief 

lage drempel voor insulineresistentie met onder andere hypertensie. Insulineresistentie en 

hypertensie zijn de twee belangrijkste factoren die correleren met herhaalde pre-eclampsie 

en de combinatie van deze twee factoren werkt vermoedelijk als een soort ‘dubbele slag’ op 

het endotheel en het cardiovasculaire systeem.

In het laatste hoofdstuk zeven bediscussiëren we de resultaten van dit proefschrift, belichten 

we mogelijke klinische consequenties van onze studies en reflecteren we op de implicaties 

voor toekomstig onderzoek. 

De hoge prevalentie van het metabool syndroom na pre-eclampsie, de relatie met herhaalde 

pre-eclampsie, de bijkomende cardiale diastolische dysfunctie en het verband met 

toekomstige hart- en vaatziekten, ondersteunen allemaal de aanbeveling om vrouwen na 

een zwangerschap met pre-eclampsie te screenen op het metabool syndroom.

Onze resultaten onderstrepen het belang van verder onderzoek naar gepersonaliseerde 

cardiovasculaire voorspelmodellen bij vrouwen na een zwangerschap gecompliceerd door 

pre-eclampsie, met een prominente rol voor het metabool syndroom in dergelijke modellen. 

Cardiovasculair risicomanagement bij vrouwen na pre-eclampsie kan zich waarschijnlijk het 

beste richten op het metabool syndroom in het algemeen en hypertensie en insulineresistentie 

in het bijzonder, met daarnaast aandacht voor gering plasmavolume en cardiale diastolische 

dysfunctie. Hopelijk kunnen we in de toekomst leefstijl interventies aanbieden die precies 

afgestemd zijn op het individuele risicoprofiel van vrouwen na pre-eclampsie, met als ultiem 

doel het verbeteren van de zwangerschapsuitkomsten en cardiovasculaire gezondheid van 

deze jonge vrouwen.  
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Research data management

Findable
The work in this thesis is based on human studies. Data used in these studies are obtained 

from patient files. The studies were approved by the hospital’s medical and ethical review 

board committee and all patients gave written informed consent. Report of outcome is done 

in accordance with the principles of the Declaration of Helsinki. Data are managed and stored 

conform the general data protection and privacy regulation at the central protected digital 

repository of the Maastricht University Medical Centre, the Netherlands. 

Accessible
Data are preserved by the responsible supervisor at the department of Obstetrics and 

Gynaecology of the Radboud University Medical Centre in Nijmegen and Maastricht 

University Medical Centre, the Netherlands. The privacy of the patients included in these 

studies is warranted by the use of encrypted and unique individual subject codes.

Interoperable
The data are documented in Dutch and English according to the FAIR principles. 

Reusable
The datasets analysed in this thesis are adequately documented to be reusable for further 

research on reasonable request, and under the condition that it is in accordance with current 

medical ethical approval regarding the management and report of data. 
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Dankwoord

Het boekje is af! Pre-eclampsie had altijd al mijn interesse en tijdens mijn promotietraject 

is het onderwerp zowel letterlijk als figuurlijk onderdeel van mezelf geworden. Graag wil ik 

iedereen bedanken die heeft bijgedragen. Jullie steun was motiverend, kritisch, liefdevol en 

geduldig. Zonder jullie was dit proefschrift nooit tot stand gekomen.

Allereerst wil ik de vrouwen bedanken die aan de studies hebben meegedaan. Dit onderzoek 

was niet mogelijk geweest zonder jullie deelname. Jullie hebben allemaal je eigen verhaal, 

maar bleken stuk voor stuk gemotiveerd om te helpen meer inzicht te verkrijgen in de 

ontstaanswijze en gevolgen van pre-eclampsie. 

Beste Marc, ik wil je bedanken voor de mogelijkheid die jij gaf dit traject te bewandelen 

en te voltooien. Dank voor je motiverende woorden, persoonlijke betrokkenheid en vooral 

voor je inspiratie. Ik weet nog goed dat ik in Nijmegen voor het eerst op je kamer kwam, 

aan de wand hing een bord met termen zoals pre-eclampsie, sympathische activiteit en 

hyperdynamische circulatie. Jij stond enthousiast vertellend voor het bord, trok allerlei pijlen 

en noteerde vergelijkingen. Er ging een wereld voor me open. Ik vond en vind het fantastisch! 

De wetenschappelijke klik was er meteen, we gingen voortvarend van start. De weg bleek 

echter moeilijker dan gedacht. Ik vertrok naar Groningen, jij naar Maastricht. Bij de vele 

hobbels die volgden, wachtte jij geduldig af. Hoe vaak jij mij niet gezegd hebt ‘maar het is 

bijna af!’. Bedankt Marc, voor het vertrouwen, ik had me geen betere promotor kunnen 

wensen.  

Beste Ralph, ooit begonnen wij als twee maatjes aan het onderzoek naar pre-eclampsie 

onder de vleugels van Marc. Later groeide jij uit tot gedreven onderzoeker en promoveerde 

je op de maternale hemodynamiek bij pre-eclampsie. Jij hebt mega-veel werk verzet voor 

het onderzoek waar ik nu op promoveer, waarvoor ik je niet genoeg kan bedanken. Eens 

hadden we tijdens een diner op een Belgisch congres een gesprek over hoe verschillend onze 

wegen waren gelopen. Je hebt me toen, zonder dat je dat wist een belangrijke steun in de rug 

gegeven op weg naar dit proefschrift. Het was meer dan logisch dat jij mijn copromotor werd. 

Beste Wieteke, we begonnen samen in Nijmegen, vastbesloten gynaecoloog te worden. 

Dat lukte, ieder in het eigen opleidingscluster. Later kwamen we weer samen, werden we 

onderdeel van team Jong & Overmoedig en genoten we van alle congres bezoekjes, een 

mooie en leerzame tijd. Jij hebt een belangrijke bijdrage geleverd aan dit boekje, waarvoor 

veel dank. 
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Beste medeauteurs, hartelijk dank voor jullie wetenschappelijke inbreng. Beste Mirjam, jou wil 

ik speciaal bedanken voor je inspanningen en bijdrage aan hoofdstuk 3. Beste Fred, bedankt 

voor je altijd kritische blik, maar ook voor de vaardigheden die je mij leerde op obstetrisch 

gebied, waarvan ik nog regelmatig profijt heb. Arie van Dijk en Maureen van der Vlugt, veel 

dank voor jullie cardiologische inzichten en hulp bij het analyseren van de echocardiografie 

beelden. Dank ook aan Mirian Janssen voor de toevoegingen op cardiovasculair gebied. En 

tenslotte dank aan Louis Peeters, die aan de wieg stond van deze onderzoekslijn. 

Beste medeonderzoekers uit Nijmegen en Maastricht, o.a. alle medewerkers uit het PRIUS-

team, jullie ben ik veel dank verschuldigd. Er is zoveel werk verzet, er werd dag in dag uit 

gemeten, data verzameld en ingevoerd. Zonder jullie inspanning was dit nooit gelukt.  

Leden van de manuscriptcommissie, prof. dr. Maas, prof. dr. Hopman en prof. dr. van 

den Berg, hartelijk dank voor de bereidheid dit proefschrift te lezen en te beoordelen op 

wetenschappelijke waarde.

Hoewel mijn studietijd achter me ligt, wil ik toch een aantal mensen uit die periode bedanken. 

Jullie vormden de basis voor mijn ontwikkeling op wetenschappelijk en persoonlijk gebied.  

Tijdens mijn studie Biomedische Gezondheidswetenschappen in Nijmegen onderwezen 

Bart Kiemeney en mededocenten mij over de Epidemiologie. Dit gebeurde met grote passie 

en precisie en het is essentieel geweest voor de manier waarop ik denk. Ook dank ik mijn 

stagebegeleiders Erik Steegers en Petra Zusterzeel van de afdeling Verloskunde in het UMC 

St Radboud destijds, waar ik voor het eerst klinisch onderzoek verrichtte en rondzeulde met 

een enorm apparaat om de uitademingslucht van zwangeren te analyseren. Dank ook aan 

Maarten Schim van der Loeff die mij liet kennismaken met onderzoek in West-Afrika. Asante 

sana voor Ali met wie ik een fantastische tijd had in het streekziekenhuis in Biharamulo, 

Tanzania. Ook dank aan mijn cabaret maatjes met wie ik ontelbaar veel mooie en ook 

verdrietige momenten beleefde. Verder mijn vijf huisgenootjes aan de Willemsweg waar ik 

jarenlang mee samenwoonde. En tenslotte mijn co-groep 31, waarmee ik de onvergetelijke 

reis naar de Ardennen maakte.

Mijn opleiders uit cluster Groningen, Aren van Loon, Marian Mourits en Paul van der Linden 

wil ik bedanken voor de begeleiding tijdens mijn opleiding tot gynaecoloog. Jullie zijn alle 

drie even gedreven en toch zo verschillend, dat was inspirerend. Mede dankzij jullie ben 

ik opgeleid tot gynaecoloog met een grote passie voor het vak. Paul, jij leerde mij kennen 

tijdens mijn eerste baan als dokter, onbewust onbekwaam. Van jou leerde ik de stuitpartus en 

het openen van een buik. Later kwam ik terug als ouderejaars en tekende jij mijn C-formulier. 

Nu ben je mijn maat en draag je binnenkort het opleiders-stokje aan me over. Dank je wel! 

Alle mede-AIOS uit mijn opleidingstijd in het Martini Ziekenhuis, UMCG en Deventer 

Ziekenhuis, bedankt voor de mooie tijd samen! Dank ook aan alle gynaecologen en andere 

medewerkers uit deze ziekenhuizen die mijn opleiding tot gynaecoloog mogelijk maakten. 

De oud-collega’s uit het Radboudumc Nijmegen van de afdeling Gynaecologie en Verloskunde, 

bedankt voor de fijne tijd tijdens mijn eerste jaren als gynaecoloog. Team J&O, Mallory, Joris, 

Olivier, Jeroen, Wieteke, Mireille, Esther, Martine en Annemieke, tijdens mijn fellowship 

namen jullie mij onder je hoede, daar kijk ik heel goed op terug. En vooral mijn congres 

maatje Esther, bedankt dat jij mijn room- en soulmate bent! 

Arts-assistenten en coassistenten van de afgelopen jaren, bedankt voor jullie enthousiasme, 

jullie zorgden ervoor dat ik mijn onderwijs vaardigheden kon ontwikkelen. Door jullie ben ik 

klaar voor de nieuwe uitdaging na dit proefschrift: het opleiderschap. 

Alle verpleegkundigen, 1e lijns verloskundigen, poli-assistentes, secretaresses, medisch 

specialisten, arts-assistenten, OK-assistenten, CRM-trainers en andere medewerkers van het 

Deventer Ziekenhuis. Dankzij jullie heb ik de afgelopen jaren zo fijn gewerkt. Elke dag stap ik 

het ziekenhuis binnen met zin in de dag die komen gaat. De samenwerking is uitstekend en 

de uitdagingen talrijk. Ik hoop dat ik nog heel lang met jullie mag samenwerken.

Klinisch verloskundigen uit het Deventer Ziekenhuis, Merel, Els, Carin, Esther, Ieke, Bianca, 

Jessica, Anneke, Miran en Anne, bedankt dat jullie zo’n fijne, solide groep zijn. Hierdoor voelde 

ik me altijd gerust tijdens de diensten. Op de momenten dat jullie aan het bed stonden, kon 

ik tussen de werkzaamheden door in de backoffice aan mijn proefschrift werken.

Lieve maatjes, Annechien, Joost, Charlotte, Lucet, Rob, Paul, Monique en Annemarie, ik ben 

zo blij met jullie als vakgroepgenoten. Al jaren moeten jullie aanhoren dat er een promotie 

aankomt. Jullie geloofden daar op sommige momenten nog meer in dan ikzelf. Rob en Lucet, 

jullie hebben een vergelijkbaar traject bewandeld en legden tijdens een van onze gesprekken 

de vinger op de zere plek, dat heeft mij toen een belangrijke stap verder geholpen. G9, al 

jullie steun en betrokkenheid, overname van taken en diensten, ik kan jullie niet genoeg 

bedanken! Ik kijk uit naar de komst van Irma en Matthijs. En ik hoop dat we nog heel wat 

jaren mogen samenwerken, met z’n allen de toko draaiende houden, elkaar bijstaan op de 

werkvloer, lachen om alle grappen en samen lief en leed delen. 

Lieve Annet, onze ontmoeting is van groot belang geweest voor dit proefschrift. De zon op 

mijn gezicht was de sleutel naar afronding. Wat een geluk dat ik jou leerde kennen. Ik ben je 

heel dankbaar. 
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Pien, lieve zus. Onze band is zo bijzonder en eigenlijk niet te beschrijven. Op de belangrijke 

momenten in ons leven waren we er altijd voor elkaar. Aan de Klarenbeekstraat, maar ook 

later tijdens de intense periode in Arnhem is onze band voor altijd verstevigd. We maakten 

onvergetelijke dingen mee. Ik ben enorm blij met Maarten aan jouw zijde, die sterk en 

oprecht is. Mijn lieve pientere nichtje Mette en stoere crossende neefje Loek, het is zo mooi 

ze te zien opgroeien. Lieve zus, bedankt dat je altijd naast me staat en nu ook weer, ditmaal 

als paranimf. Je reactie toen ik je vroeg was emotioneel en puur, precies zoals je bent! 

Lieve Papa en Mama, wat een geluk dat ik ben opgegroeid in ons warme gezin met jullie 

als liefdevolle ouders. Bedankt dat jullie me altijd de ruimte gaven om te zijn wie ik ben, 

met al mijn ideeën en energie. Jullie merkten tijdens mijn kindertijd al op dat ze bij mij de 

rem vergeten zijn. Gelukkig kreeg ik ook onze Indische roots mee, waardoor ik weet dat 

pelan-pelan minstens zo fijn kan zijn. Meebuigen met wat er op je pad komt en genieten 

van de kleine dingen, dat kunnen jullie als geen ander. Wij ervaarden dat als kind al, de 

gezellige verjaardagen in de volle huiskamer aan de Julianalaan, de saté-feestjes bij ons in de 

tuin en de talrijke momenten samen met het gezin. Maar ook recent, tijdens de afgelopen 

stormachtige jaren, bleek de kunst van het genieten een groot goed. Lieve O&O, het is heel 

bijzonder dat ik dit met jullie kan delen en ik hoop dat ons nog veel meer samen gegund is. 

Ik koester elk moment. 

Lieve Sam en Noortje, mijn twee doerakkies, wat geniet ik van jullie fonkelende ogen en 

brede grijns. Julie zijn een unieke mengelmoes van creativiteit en logica, maken ons elke dag 

aan het lachen met jullie zelfbedachte avonturen. Voordat dit proefschrift begon, bestonden 

jullie nog niet eens, daar kan ik me nu echt niets meer bij voorstellen! Ik hou van jullie. 

Sander, mijn liefste. Jij hebt dit hele promotietraject van het begin af aan meegemaakt. We 

kunnen eigenlijk wel zeggen dat we samen gepromoveerd zijn, want jouw inspanningen 

waren zeker niet minder dan de mijne! Ik zie je nog zo staan bij het trefpunt met je rode 

gympen en roos. Wat hebben we veel meegemaakt sinds die dag in november en wat ben jij 

een rots in de branding gebleken! Door jouw creatieve brein met de daarbij behorende chaos 

vond ik tijdens het promotietraject vaak mijn momenten van rust. Dat wij een ijzersterk team 

zijn, is meer dan duidelijk geworden in de jaren die achter ons liggen. Wat wij nu vooral gaan 

doen is genieten van het leven en elkaar. Ik weet dat jij daar net zo veel zin in hebt als ik. Heel 

erg bedankt voor alles. Ik hou van je, lieve date!

Lieve Stijn, we spreken elkaar lang niet zo vaak als we willen, maar je weet dat je veel voor me 

betekent. Ik heb goede herinneringen aan onze tijd samen in het UMCG. Keek op de Week bij 

de obstetrie, MDO-bikkelen bij de onco, stempelkaart vullen bij de koffiecorner en terrasjes 

pakken om onze liefdesperikelen te delen. Bedankt voor alle mooie momenten!

Lieve Justine, we trokken onze hele opleiding samen op, waren tegelijkertijd zwanger als 

ouderejaars in Deventer en onze zoons werden vlak na elkaar geboren. We deelden de 

ervaringen van ons jonge gezin en start als beginnend gynaecoloog. We hebben altijd veel 

aan elkaar gehad. Onze achtergrond is totaal verschillend, maar we voelen ons verbonden. Ik 

ben daarom ook heel blij dat jij mijn paranimf wil zijn. 

Lieve Sui, Boukje, Marieke, Maureen, Karlijn, Kachung, Paulien en Paco. Mijn kleine grote 

vrienden en vriendinnen, al meer dan 20 jaar. Het begon in Nijmegen op onze studentenkamers 

met elke maandag samen koken. Daarna risk spelen en dansen op alle feesten. We keken 

samen voetbal, sommigen heel fanatiek, ik noem geen namen. We gingen samen vele 

weekendjes weg met heel veel en heel lekker eten. Inmiddels zijn we heel wat verhuizingen, 

partners, kinderen en overige live-events verder en is het nog steeds thuiskomen bij jullie. 

Jullie hebben de verhalen aangehoord over mijn promotie en alles wat er verder allemaal 

gebeurde en het bijzondere is dat jullie er altijd voor me zijn. Gemiddeld komt onze lengte 

waarschijnlijk nog niet eens boven de 1 meter 65 uit, maar onze vriendschap is allesbehalve 

klein gebleken. Ik prijs me gelukkig met jullie allemaal en met jullie lieve partners, Sjaak, 

René, Heiko, Edo, Eygje en Martijn. Bedankt voor alles!

Lieve Ingrid, Femke, Vera, Gabriël, Nova, Luna, David, Daphne en Vesper. Plotseling kreeg ik 

er een hele familie bij. Jullie zijn zeker geen doorsnee gezin, nuchter en eerlijk en bovenal 

gastvrij. Ik voelde me meteen thuis en heb ook veel van jullie geleerd. Dat beperkingen 

mogelijkheden schept en dat er altijd nieuwe wegen zijn als zaken onverwacht veranderen. 

Deze levenslessen zijn zeker ook van toepassing geweest op mijn promotietraject!

Lieve Koen, mijn grote kleine broer. De zes jaar verschil tussen ons leek vroeger een hele 

afstand. We kibbelden over de neus van Wilbur en konden slecht tegen ons verlies met 

schaken. Maar toen we samen in Nijmegen studeerden, groeiden we naar elkaar toe. 

Sindsdien is onze band veranderd en ben je veel meer voor mij dan alleen mijn kleine 

broertje. Ik geniet altijd van je schaterlach als er een bananenschil grap gemaakt wordt. 

Inmiddels weet ik dat je ook bloedserieus kan zijn en dan weten we elkaar te vinden. Ik 

ben heel blij met Anne als schoonzusje, nuchter en lief. En dan jullie drie pittige, fel-blonde 

dochters Bibi, Olivia en Tatum. Lieve broer, geniet van deze rijkdom! 
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Curriculum vitae

Eva Stekkinger werd op 26 mei 1977 geboren te Apeldoorn. Zij groeide op in Oosterbeek 

met haar ouders, broer en zus. Haar basisonderwijs volgde zij aan de Stoeteboom in 

Oosterbeek. In 1995 behaalde zij haar gymnasiumdiploma aan het Stedelijk Gymnasium te 

Arnhem. Ditzelfde jaar startte zij de studie Biomedische Gezondheidswetenschappen aan 

de Katholieke Universiteit Nijmegen. In 1998 verrichte zij onderzoek naar HIV tijdens een 

stage in The Gambia, West-Afrika (begeleider: dr. M.F. Schim van der Loeff). Hierna deed zij 

onderzoek naar preeclampsie tijdens haar afstudeerstage in het UMC St Radboud Nijmegen 

(begeleider: prof. dr. E.A.P. Steegers). In 1999 behaalde zij haar doctoraal Biomedische 

Gezondheidswetenschappen in de afstudeerrichting Epidemiologie. Hierna stroomde zij 

via decentrale selectie door naar de studie Geneeskunde aan de Katholieke Universiteit 

Nijmegen. Haar co-schappen volgde zij in diverse ziekenhuizen en tijdens het co-schap 

gynaecologie in de Gelderse Vallei te Ede werd zij gegrepen door het vak. Zij volgde haar 

afsluitend co-schap in Biharamulo District Hospital, Tanzania. Nadat zij haar artsexamen 

behaalde in 2004, werkte zij twee jaar als arts-assistent gynaecologie niet in opleiding in het 

Deventer Ziekenhuis. In 2006 ontmoette zij prof. dr. M.E.A. Spaanderman en dr. R.R. Scholten 

in het UMC St Radboud Nijmegen, waar zij samen startten met het onderzoek naar de relatie 

tussen preeclampsie en metabool syndroom. In deze periode werd de basis gelegd voor het 

promotieonderzoek. In 2007 werd zij aangenomen voor de opleiding tot gynaecoloog in 

het cluster Noord- en Oost-Nederland. Zij verhuisde naar Groningen, waar zij werkte in het 

Martini Ziekenhuis Groningen (opleider: dr. A.J. van Loon) en het UMC Groningen (opleider: 

prof. dr. M.J.E. Mourits). In 2011 keerde zij als ouderejaars assistent terug naar het Deventer 

Ziekenhuis (opleider: dr. P.J.Q. van der Linden). In de tussentijd combineerde zij haar opleiding 

tot gynaecoloog met het promotieonderzoek, waarvan dit proefschrift het resultaat is. In 

2013 voltooide zij haar opleiding tot gynaecoloog. Gedurende twee jaar werkte zij als fellow 

perinatologie in het Radboudumc Nijmegen, totdat zij in 2015 aangenomen werd op haar 

vertrouwde plek in de maatschap van het Deventer Ziekenhuis. Sindsdien werkt zij daar met 

veel plezier. In de tussentijd ontmoette zij in 2005 haar liefde Sander Datema, waarmee ze 

zoon Sam (2011) en dochter Noortje (2014) kreeg. Sinds 2017 wonen zij in Diepenveen, waar 

zij in 2019 haar onderzoek hervatte met als doel haar promotie af te ronden. 
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