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General introduction

Hypertension in pregnancy

Hypertensive disorders represent the most significant complication of pregnancy and affect 

about 10% of all pregnancies. They contribute greatly to maternal and perinatal morbidity 

and mortality throughout the world. Hypertensive disorders of pregnancy comprise a 

spectrum of conditions and can be categorized as follows: Pre-eclampsia and eclampsia, 

gestational hypertension, chronic hypertension, and the superimposition of pre-eclampsia 

on chronic hypertension.1 

Pre-eclampsia is a pregnancy-specific syndrome that occurs after midgestation, and is 

defined by new-onset hypertension (blood pressure ≥140/90 mm Hg on 2 determinations 

performed at least 6 hours apart), accompanied by proteinuria (≥0.3 g/24 hours). Eclampsia 

occurs when pre-eclampsia progresses to a life-threatening convulsive phase. Gestational 

hypertension is defined as de novo hypertension arising after mid-pregnancy and is 

distinguished from pre-eclampsia by the absence of proteinuria. This category is broad and 

may initially include patients who later progress to pre-eclampsia, and a subset of patients 

in whom blood pressure remains elevated for more than 12 weeks postpartum, leading 

to the diagnosis of chronic hypertension. Chronic hypertension is also diagnosed when 

hypertension is already present before pregnancy or detected before 20 weeks of gestation. It 

is estimated that about 10% to 25% of pregnant women with chronic hypertension develop 

new onset proteinuria, or sudden worsening of hypertension after 20 weeks gestation, a 

condition called superimposed pre-eclampsia.2

Consequences

During Pregnancy

The hypertensive disorders carry an increased risk of preterm delivery, placental abruption, 

disseminated intravascular coagulation, cerebral haemorrhage, hepatic failure, and acute 

renal failure.2 Pre-eclampsia in particular, can be devastating and life-threatening for 

both the mother and the fetus. It affects about 5% of all pregnancies, and is about twice as 

common in first pregnancies as in multigravidas. In about 30% of the cases, pre-eclampsia 

may cause placental insufficiency enough to cause intra uterine growth restriction or fetal 

death. Approximately 5% of women with pre-eclampsia develop the “HELLP” syndrome 

which is characterized by all or some of the following signs: Hemolysis, abnormal Elevation 

of Liver enzyme levels, and Low Platelet counts, a life-threatening condition. 
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The pathogenesis of pre-eclampsia is still elusive and up till now, delivery remains the 

mainstay of therapy. As severe forms of pre-eclampsia commonly develop before the full 

term of pregnancy, labor induction under these circumstances typically results in a preterm 

delivery, low-birth weight, and related neonatal complications. Early pre-eclampsia (onset 

<34 weeks of gestation) is thus associated with greater morbidity than when the disorder 

presents at term.3 

After pregnancy

Over the past decades it has become increasingly clear that hypertension in pregnancy in 

general, and pre-eclampsia in particular, is an under-recognized risk factor for cardiovascular 

disease. These women, compared to those with normotensive pregnancies, are at higher risk 

for cardiovascular and cerebrovascular events later in life, and demonstrate a less favourable 

overall CVD risk profile years after their affected pregnancies.4-9 Population-based studies 

relate pre-eclampsia to an increased risk of later chronic hypertension (RR, 2.00 to 8.00) and 

cardiovascular morbidity and or mortality (RR, 1.3 to 3.07), compared with normotensive 

pregnancy. Women who develop pre-eclampsia before 36 weeks of gestation are at highest 

risk (RR, 3.4 to 8.12).10 These relative risk estimates however currently do not seem to 

have a direct meaning for treatment of individuals, or prevention. One reason is that in 

cardiovascular risk factor management the focus should be on absolute risk estimates. Data 

on future cardiovascular risk in terms of absolute risk estimates are still lacking.

Risk stratification

During pregnancy

Identification of women at a high risk of developing hypertension already before or 

early in pregnancy may contribute to improvement of pregnancy outcome by allowing 

increased surveillance and timely diagnosis in selected women. In the past the focus has 

always been on single risk factors. In 2004, the World Health Organisation conducted a 

systematic review assessing all clinical, biophysical and biochemical tests used to predict 

pre-eclampsia, and found that there was no definitive, low-cost, predictive test available.11 

In 2008, authors of another systematic review concluded that no test, nor combinations 

of tests, i.e. prediction models, had emerged with high enough sensitivity and specificity 

to be of use in routine clinical practice.12 Recent studies focus mainly on combinations of 

novel biomarkers to predict a high risk of developing pre-eclampsia.13,14 Although some 
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show promising results, prediction models should preferably be based on parameters that 

are widely available and obtained at no or minimal cost, and be measured using methods 

applicable to daily practice.15 Furthermore, most studies focus on specialized care. As 

prediction is especially difficult in healthy, low-risk nullipara, there is a need for models that 

can be easily used in a midwifery-based antenatal care setting. Early referral for specialist 

care for those who are at risk might translate into improved management of women with 

prophylactic, antihypertensive and anticonvulsant therapy. 

After pregnancy

A history of pre-eclampsia, especially early-onset pre-eclampsia, may help identify women 

at cardiovascular disease risk early in life, offering an opportunity for timely screening, 

and treatment strategies, such as advices for lifestyle changes. Structured risk factor 

assessment programs after delivery are however not routinely advocated. In fact, there is 

no mentioning of this in guidelines. The primary care physician may play an important 

role in the follow-up of these women after pregnancy, in terms of early identification of 

high risk women and early initiation of treatment of hypertension and other risk factors 

for cardiovascular disease. As yet, specific guidelines or protocols for general practitioners 

in the Netherlands on cardiovascular risk factor management of women with a pregnancy 

complicated by pre-eclampsia do not exist. Furthermore, it is not known how general 

practitioners in the Netherlands care for women who experienced a hypertensive disorder 

during their pregnancy after the child is born, while this subgroup may represent an ideal 

target population for a high-risk prevention strategy.

These aspects have lead to the outline of this thesis, dealing with prediction and the 

consequences of gestational hypertension and pre-eclampsia.

Outline of this thesis

In Chapter 2.1 we present a prediction model for the development of hypertension in 

pregnancy in nulliparous women, based on clinical measurements obtained routinely 

at the first antenatal visit. The results of the external validation of this model in an 

independent population-based cohort are provided in Chapter 2.2. Chapter 3 describes the 

development of two models for preconceptional prediction of early-onset pre-eclampsia.  
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The first model aims to predict development of this disease in healthy nulliparous women 

(Chapter 3.2). The second model helps to identify women with a history of early-onset 

pre-eclampsia at low risk for recurrence of early-onset pre-eclampsia or HELLP syndrome 

in their next pregnancy (Chapter 3.3). Chapter 4 characterizes classic cardiovascular risk 

factors in primiparous women with a history of early-onset pre-eclampsia and provides 

an estimation of the absolute overall cardiovascular disease risk later in life (Chapter 4.1). 

The extent of cardiovascular risk factor management in general practice in women with 

a history of pre-eclampsia is investigated in Chapter 4.2. In Chapter 5.1 we discuss our 

prediction models in the context of the current literature. Implications for clinical practice 

and directions for future research are addressed. In Chapter 5.2 pre-eclampsia is compared 

to diabetes mellitus as a cardiovascular disease risk equivalent, and the major conclusions 

of this thesis are drawn. 
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abstract

Objective 

To develop a prediction model for the occurrence of hypertension in pregnancy using 

clinical variables obtained routinely at the antenatal booking visit prior to 16 weeks 

gestation.

Methods 

We studied 2334 nulliparous pregnant women participating in two population-based 

prospective cohort studies. Potential predictors included maternal age, blood pressure, 

body weight, height, previous miscarriage and smoking history, assessed at the visit booking 

prior to 16 weeks gestation. The outcome measure was the development of hypertension 

before 36 weeks of gestation. A prediction model was derived from the regression model 

using discrimination, calibration, bootstrapping approaches and transformed into a 

prediction model usable in clinical practice.

Results 

One hundred and forty-one of 2334 women (6.0%) developed hypertension. Main 

predictors were systolic and diastolic blood pressure, and weight. The area under the 

receiver operating characteristic curve of the model was 0.78, 95% confidence interval 

(CI) 0.75–0.82. Among women with a very low score (19% of the population) the risk of 

hypertension was 0.5%. In those with a high score (13% of the population) the risk was 

22.9%. 

Conclusion 

Among nulliparous and initially normotensive women, the use of three simple clinical 

variables obtained routinely at the antenatal booking visit prior to 16 weeks, can accurately 

identify women at very low and very high risk of becoming hypertensive before 36 weeks 

of gestation. When confirmed in recent cohorts, application of the prediction model may 

lead to a reduction in frequency of antenatal visits for low-risk and increased surveillance 

for high-risk women.
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introduction 

Hypertensive disorders are common complications of pregnancy. They rank among the 

leading causes of maternal and perinatal morbidity and mortality worldwide.1 High 

blood pressure is reported to affect 6–8% of all pregnancies. In the various classification 

schemes, hypertension specific for and secondary to pregnancy is referred to as gestational 

hypertension or, when combined with proteinuria, pre-eclampsia.2 The development of 

preterm gestational hypertension or pre-eclampsia poses increased risk for both mother 

and fetus. Up to now, there is no effective preventive treatment for hypertensive disorders of 

pregnancy; preventive treatment with aspirin reduces the risk of developing pre-eclampsia 

by 10% at the most.3 The only cure is by delivery. Nonetheless, identification of those at 

a high risk early in pregnancy may contribute to improvement of pregnancy outcome by 

allowing increased surveillance and timely diagnosis in selected women. 

Unfortunately, prediction of pre-eclampsia has proven to be most difficult in healthy 

and initially normotensive nulliparous women, partly because pre-eclampsia is an 

etiologically complex and heterogeneous condition.4 A wide variety of clinical, biophysical, 

and biochemical tests have been proven as inconsistent or unsuitable for use in clinical 

practice.5-7 This contributed to the traditional exhausting schedule of frequent antenatal 

visits for all pregnant women, with high demand on obstetric services and probably little 

benefit. Historically, a major if not the justifying goal of antenatal care has been to predict 

and diagnose gestational hypertension and pre-eclampsia. Blood pressure measurement is 

routinely performed at each antenatal visit, and is probably the most used test in antenatal 

care. In current obstetric practice the classic antenatal visit schedule – every 4 weeks 

until 28 weeks of gestation, every 2–3 weeks from 28–36 weeks and then weekly until 

delivery – is still in wide use. This regimen can be questioned because of cost and time 

constraints. There is no evidence that frequent visits improve pregnancy outcome in low-

risk pregnancies. On the contrary, results from at least 10 randomized trials suggest that 

in healthy nullipara, reduction of the number of antenatal visits to as few as four to eight 

could be implemented without any increase in adverse maternal and perinatal outcomes, 

with substantially lower costs for mothers and healthcare providers.8 Nevertheless, both 

obstetricians and midwives expect antenatal care to reduce the incidence of hypertensive 

disorders drastically.9 
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The possibility to timely identify pregnant women at very low or very high risk for 

developing hypertension already early in pregnancy, might be of great benefit to the 

organization and planning of antenatal care, by redirecting the burden of frequent visits for 

all women to those who may really benefit. In this study we constructed a prediction model 

for the early identification of nulliparous women at low or high risk of hypertension before 

36 weeks’ gestation, using a combination of simple clinical variables which can easily be 

obtained at the antenatal booking visit prior to 16 weeks gestation.

Methods

Patient population

The study group consisted of healthy nulliparous women with singleton pregnancies. These 

women were studied prospectively throughout pregnancy in two related cohort studies, 

originally designed to evaluate whether dietary sodium restriction has an effect on blood 

pressure in pregnancy.10,11 The first study was conducted from 1990 to 1991 in the area 

of the Maria Hospital, a general teaching hospital in Tilburg, The Netherlands (Tilburg 

cohort). The second study was conducted from 1992 to 1994 in the area of the Academic 

Medical Center, a university hospital in Amsterdam, The Netherlands (Amsterdam cohort). 

Collaboration was obtained from 22 midwives’ practices in the areas of the hospitals (15 in 

Tilburg, seven in Amsterdam). 

All participants were nulliparous women whose First prenatal visit took place before 16 

weeks of gestation. Gestational age was determined from the best estimate according 

to menstrual history or ultrasound measurement early in pregnancy. Women planning 

to move to another city and those with conditions associated with an increased risk of 

pregnancy-induced hypertension (twin pregnancy, diabetes, pre-existing hypertension, or 

renal or systemic autoimmune disease) were ineligible. Between 1 June 1990 and 1 April 

1994 the two studies enrolled 2425 nulliparous women who gave informed consent. Only 

women who were normotensive (blood pressure <140/90mmHg) at booking were included 

in our analysis (n = 2334). 
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Predictors 

Standard antenatal care consisted of approximately 12 visits. During the first visit the 

following baseline characteristics and here considered as potential predictors were recorded: 

maternal age, height, weight, tobacco use, ethnicity, history of miscarriage, and systolic 

blood pressure (SBP) and diastolic blood pressure (DBP). These variables have all been 

identified as predictive factors for hypertensive disorders in previous studies and can easily 

be measured clinically.12,13 Despite that we recognize the importance of ethnicity in the 

risk of developing hypertensive disorders; in our study the various ethnic groups were too 

uncommon for detailed statistical analyses [Mediterranean (6.8%), Asian (5.6%), and black 

women (9.7%)]. So relations for ethnicity would be imprecise and even might be spurious. 

Therefore, and because ethnicity will be differently distributed in other populations, we 

decided to develop a simplified model without ethnicity as a predictor. Smoking history 

was dichotomized as (ever) smoker or never smoker. We dichotomized miscarriage 

history as either no prior pregnancy before 16 weeks’ gestation or one or more prior early 

pregnancy losses. Blood pressure measurements were taken routinely by midwives at each 

prenatal visit and, in case of referral, by obstetricians. In the midwives’ practices the blood 

pressure was measured once, in sitting position, always in the same arm and with the cuff 

at heart level. To avoid observer bias, an automated device was used to measure blood 

pressure, the BOSO Prestige automatic (Bosch & Sohn, Jungingen, Germany). This device 

was validated by us according to the guidelines of the British Hypertension Society and 

the Association for the Advancement of Medical Instrumentation.14,15 Validation was by 

simultaneous same-arm measurements with the study device and standard auscultatory 

mercury sphygmomanometry by two trained observers in 70 pregnant women with 

a wide range of blood pressures and gestational ages. The results of this validation have 

been published elsewhere. In summary, the BOSO Prestige automatic achieved British 

Hypertension Society grade C both for systolic and diastolic pressure. The mean difference 

(SD) between standard mercury sphygmomanometry and the BOSO Prestige automatic 

was -2 (6) mmHg for systolic pressure and -1 (6) for diastolic pressure, thus passing the 

demands of the Association for the Advancement of Medical Instrumentation.16 Levels of 

SBP and DBP were categorized per 5mmHg. 
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Outcome 

The development of hypertension was defined as SBP of 140mmHg or more and/or DBP 

equal or above 90 mmHg on at least two consecutive visits. To provide insight in the 

incidence of other adverse maternal and perinatal pregnancy outcomes in these cohorts, 

we obtained data on the adverse events shown in Table 1. 

Table 1. Candidate predictors and adverse pregnancy outcomes in a cohort of 2334 low-

risk nulliparous women.
Candidate predictors 
Age (years)         27.6 ±   4.7
Weight (kg)         65.2 ± 10.9
Height (cm)       167.7 ±   7.0
Systolic blood pressure (mmHg)       113.3 ± 12.6
Diastolic blood pressure (mmHg)         70.1 ±   8.2
≥ 1 miscarriage (%)              22.5
Smoking (%)
   Never smoker              71.3
   (Ever) smoker              28.7
Adverse maternal outcomes N (%)
   Hypertension before 36 wks gestation          141 (6.0)
   Proteinuria a            30 (1.3)
   Placental abruption              7 (0.3)
   Pre-eclampsia b            29 (1.2)
   Eclampsia c              0 (0.0)
   HELLP-syndrome d              6 (0.3)
   Cesarean section          197 (8.4)
   Maternal death              0 (0.0)
Adverse perinatal outcomes N (%)
   Preterm delivery <259 days          156 (6.7)
   5-minute Apgar-score ≤7 e            97 (4.2)
   Low birth weight <2500 g f          152 (6.5)
   Small-for-gestational-age <2.3rd centile f            30 (1.3)
   Small-for-gestational-age <10th  centile f          201 (8.6)
   Neonatal admissions g

       Immediately after birth          388 (16.6)
       Within 24 hours            34 (1.5)
   Perinatal loss h            14 (0.6)

Data on candidate predictors are given as mean ± SD or as percentages. a Result of 2+ or more on 
dipstick analysis of a mid-stream urine specimen. b Blood pressure > 140/90 mmHg on two occasions, 
with proteinuria (dipstick 2+ or more). c Pre-eclampsia accompanied by convulsions. d Serum 
aminotransferase levels ≥70 U/l and platelet count <100 x 103/mm3. e In live born infants. f Infants 
with major congenital malformations (n=32) not included. g admission to the neonatal medium or 
intensive care unit within the first 24 hours after birth. h Fetal or neonatal death of a fetus with a 
birthweight ≥400 g, between 24 weeks gestation and one week post partum, in the absence of major 
congenital malformations.
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Model development and performance 

All missing values were imputed with single regression techniques.17-19 (The outcome was 

missing in 1.9%, predictors were missing in a range of 0.3–11.2% of the women.) Restricted 

cubic spline functions and graphs were used to determine whether continuous variables 

could be analyzed as linear terms or required a transformation.20,21 All candidate predictors 

were included in a logistic regression model and were step-by-step excluded using the 

likelihood ratio test at a P value of 0.15.21,22 

To study the performance of the final prediction model, we assessed its discrimination 

(ability to distinguish between women that develop hypertension and women that do not 

develop hypertension) and calibration (agreement between predicted risks and observed 

frequencies) tested with the Hosmer–Lemeshow statistic when a significant test result 

implies insufficient calibration. Discrimination is the ability of the model to distinguish 

between women with hypertension and women without hypertension, and was quantified 

with the area under the receiver operating characteristic (ROC) curve (AUC). An AUC 

ranges from 0.5 (no discrimination; same as flipping a coin) to 1.0 (perfect discrimination). 

Calibration refers to the agreement between the predicted probabilities and observed 

frequencies of hypertension. This was tested with the Hosmer-Lemeshow statistic when a 

significant test result implies insufficient calibration.23 

Model validation 

Prediction models derived with multivariable regression analysis are known for 

overestimated regression coefficients, which results in too extreme predictions when 

applied in new patients.20,24 Therefore, we internally validated our model with bootstrapping 

techniques when in each bootstrap sample the entire modelling process was repeated. This 

resulted in a shrinkage factor for the regression coefficients.20 The bootstrap procedure 

was also used to estimate a value of the AUC that was corrected for overoptimism, to 

provide an estimate of discriminative ability that is expected in future similar patients. The 

risk of hypertension developing before 36 weeks of gestation might be different in other 

populations. We therefore estimated what the effect of the different risks would be on the 

intercept and presented these adjusted intercepts with the prediction model, so that the 

predicted risks will still be equal to the decreased or increased incidence.25,26 

Bootstrapping is the recommended approach for internal validation, as the data of all 

patients are used for model development. Yet, it is intuitively attractive to consider a split 
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sample analysis. Therefore as a sub analysis, we developed the model in the Amsterdam 

cohort using the same steps as described under model development, and tested the 

performance in the Tilburg cohort. The results of this validation are presented in the 

appendix. 

Application in clinical practice 

To facilitate practical application of the model based on all patient data, the regression 

coefficients of the predictors in the model were converted into points on a score chart. The 

total points (sum scores) were linked to the risk of developing hypertension before 36 weeks 

of gestation. Finally, various cut-off values were introduced in the predicted probabilities, 

categorizing patients as having a very low risk, low risk, moderate risk, and high risk to 

develop hypertension before 36 weeks of gestation. The sensitivities, specificities, and 

negative predictive values of these thresholds were calculated. Data were analyzed using 

SPSS for Windows (version 14.0; SPSS Inc., Chicago, Illinois, USA) and R (version 2.4.0; 

http://www.r-project.org/).

results 

Patient population

The mean age in the total cohort was 28 ± 5 years (Table 1). According to our definition, 141 

(6.0%) women developed hypertension before 36 weeks of gestation. Age, weight, height, 

SBP, and DBP were all higher at the booking visit in women who developed hypertension. 

Percentages of previous miscarriage and smoking were similar in both groups (data not 

shown). 

Model development and performance 

A nonlinear association between age and the development of hypertension was observed 

for age above 27 years. We therefore redefined age as a linear term before 27 years, and 

added a quadratic term for age above 27 years. Table 2 shows the final model, including 

SBP, DBP, and weight. Using this model, the mean predicted risk was 6.0%. 
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Table 2. Prediction model for the development of hypertension before 36 weeks gestation

Variable
Regression 
Coefficient** 

Odds ratio
95% CI

Systolic blood pressure (category)*    0.33 1.39 1.26-1.53
Diastolic blood pressure (category)*    0.29 1.34 1.19-1.51
Weight (kg)    0.02 1.02 1.01-1.03
Intercept   -9.25
Area under the ROC curve***    0.78 0.75-0.82
Formula to calculate the risk of hypertension:
1 / (1+exp-(intercept + [0.334 x category SBP] + [0.291 x category DBP] + [0.023 x weight]))

SBP: systolic blood pressure; DBP: diastolic blood pressure; ROC: receiver operating characteristic. 
*Systolic blood pressure categorized per 5 mmHg: <80 (category 1); 80-84 (2); 85-89 (3); 90-94 (4); 
95-99 (5); 100-104 (6); 105-109 (7); 110-114 (8); 115-119 (9); 120-124 (10); 125-129 (11); 130-134 
(12); ≥135 (13). Diastolic blood pressure categorized per 5 mmHg: <50 (category 1); 50-54 (2); 55-59 
(3); 60-64 (4); 65-69 (5); 70-74 (6); 75-79 (7); 80-84 (8); ≥85 (9). ** After adjustment for overfitting by 
shrinkage (shrinkage factor = 0.92). ***Adjusted for optimism using bootstrapping techniques

We estimated the intercepts for other risks of hypertension before 36 weeks of gestation, so 

when the model is applied in a population with other risks of hypertension, the intercept of 

the model can be adjusted (Table 3). When the risk of hypertension is lower, the intercept 

needs to be more negative, leading to lower predicted risks. 

Table 3. Intercept adjusted for prior probability
Risk of hypertension before 36 weeks Adjusted intercept
  1%
   2%
   3%
   4%
   5%
   7% 
   8%
   9%
  10%
  15%
  20%

-11.10
-10.39
  -9.98
  -9.68
  -9.44
  -9.09
  -8.94
  -8.81
  -8.70
  -8.23
  -7.89

The calibration of the model was good, confirmed by a nonsignificant Hosmer Lemeshow 

test (P=0.55). The model discriminated well between women who developed hypertension 

and women who did not, with an AUC after correction for optimism of 0.78 [95% 

confidence interval (CI) 0.75–0.82]. 
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Of importance is that including body mass index (‘BMI’) at the first visit in the model 

instead of weight did not change the predictive value of the model. Since BMI consists of 

two measurements, height and weight, which can both be subject to measurement errors, 

we chose to include weight in the final model instead of BMI. 

Clinical application 

The regression coefficients of the predictors of the final model were converted into a score 

chart to facilitate practical application (Table 4). As an example how to use this chart, a 

women presenting at booking with a SBP of 105, a DBP of 65, weighing 65 kg, would have 

a sum score of 5.5 (2.5 + 1.5 + 1.5). This corresponds to a risk of hypertension of 2.5%. 

Table 4. Score chart for the risk of developing hypertension before 36 weeks of gestation 
Predictor Score

Systolic blood pressure (mmHg) …
< 85 0.5

85-89 1
90-99 1.5

100-104 2
105-114 2.5
115-119 3
120-129 3.5

≥ 130 4
Diastolic blood pressure (mmHg) …

< 55 0.5
55-64 1
65-74 1.5
75-79 2

≥ 80 2.5
Weight (kg) …

< 55 1
55-79 1.5
80-99 2
≥100 2.5

…

-------+
Total sum score …

Total sumscore ≤2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9
Risk (%) 0.1 0.2 0.3 0.6 0.9 1.5 2.5 4.1 6.5 10.3 16.0 23.9 34.1 46.0
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Table 5 shows the distribution of women with and without hypertension across different 

categories. Among women with a very low prediction score (score 2–4.5, 19% of the 

population) the risk of hypertension was 0.5%. In those with a high prediction score 

(score 7.5–9, 13% of the population) the risk of hypertension was 22.9%. Using a score 

threshold of 4.5 or less (very low risk) would result in 19% of all women needing less 

frequent visits, of which only 0.5% will develop hypertension before 36 weeks of gestation. 

Using a score threshold of 6 (low risk), the number of patients with frequent antenatal visits 

before36 weeks can be reduced to 61%; however, 29 out of 1420 women (2.0%) will develop 

hypertension. 

Table 5. Performance measures of the final model (Table 3)
Sum score category Number of 

women
developing HT
(%)

Number of 
women 
without HT 
(%)

SE(%) SP(%) NPV(%) Number of 
women needing 
less frequent 
visits (%)

Very low risk (N=438)
(≤4.5)                

2 (0.5) 436 (99.5) 98.6 19.9 99.5 438 (18.8)

Low risk (N=982)
(5 - 6)          

27 (2.7) 955 (97.3) 79.4 63.4 98.0 1420 (60.8)

Moderate risk (N=599)
(6.5 - 7)                

40 (6.7) 559 (93.3) 51.1 88.9 96.6 2019 (86.5)

High risk (N=315)
(≥7.5)             

72 (22.9) 243 (77.1)

HT: hypertension; SE: sensitivity; SP: specificity; NPV: negative predictive value

discussion

Using simple clinical information routinely obtained from initially normotensive 

nulliparous women at the antenatal booking visit prior to 16 weeks of gestation, we 

developed a prediction model that allowed accurate early identification of initially 

normotensive women at low and at high risk to develop hypertension before 36 weeks of 

gestation. 

Strengths and weaknesses of the study 

As in almost any study on hypertensive disorders of pregnancy we did not obtain blood 

pressure levels before pregnancy. It cannot be excluded that some of the women in our 
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study may have had chronic hypertension, masked by the physiologic fall in blood pressure 

that occurs early in pregnancy, and subsequently mistaken for gestational hypertension 

when blood pressure levels returned to or exceeded the prepregnancy level in late 

pregnancy. Women with chronic hypertension, diagnosed or not before pregnancy, are 

at increased risk for ‘superimposed’ pre-eclampsia. Nevertheless, our prediction model 

remains valid for nulliparous women who are normotensive at the antenatal booking visit 

prior to 16 weeks of gestation, including those who have chronic hypertension masked by 

the physiological blood pressure fall in early pregnancy. 

We only studied hypertension as an outcome. Hypertensive disorders of pregnancy are 

associated with increased risk for several maternal and perinatal complications. However, 

these interrelated complications are rare in low-risk women and difficult to predict early in 

pregnancy.27,28 Table 1 shows the number of adverse maternal and perinatal outcomes that 

occurred in this low-risk population. Furthermore, there is level A evidence that a reduction 

in the number of antenatal care visits from approximately 12 to as few as 4–8 visits could be 

implemented without any increase in adverse biological maternal and perinatal outcomes, 

although some women seem less satisfied with a reduced visit schedule.8 Therefore, 

acceptance of such a reduced schedule will require meticulous counseling at the booking 

visit, including discussion of the women’s anxiety and expectations of antenatal care. 

The data used in our analyses were obtained for a different purpose some years ago. We, 

however, are not concerned about the validity of our prediction model since antenatal care, 

in particular with respect to the frequency and method of blood pressure measurement, has 

not materially changed over the past decades. We acknowledge that the model needs to be 

validated in recent cohorts and cohorts with different ethnic groups before implementation 

with confidence on a large scale. 

Some aspects regarding the choice for blood pressure equipment need to be addressed, as 

the BOSO equipment obtained a grade C from the British Hypertension Society.14,15 The 

issue at hand here is whether the use of this device leads to a biased result, that is, whether 

the reported findings reflect an overestimation or an underestimation of the ‘true relation’. 

On the basis of the validation results of the BOSO equipment, on average our measurements 

are slightly higher than what a standard mercury device would have measured. BOSO on 

average overestimates diastolic pressure by 1mmHg and systolic pressure by 2mmHg, as 

compared to standard auscultatory mercury sphygmomanometry by trained observers.16 
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If this is a systematic error, it will occur in all women at all blood pressure levels, and in 

both the ‘predictive measurement’ at the booking visit and the ‘diagnostic measurement’ 

later in pregnancy. So the ranking of women based on blood pressure (relationships under 

study)would be fine, although the magnitude of the relation (in absolute terms) might be 

a small overestimation of the ‘true relation’. Thus, in this case our findings reflect a slight 

overestimation of the relation under study. Alternatively, when the BOSO equipment leads 

to more measurement error, generally relations under study will attenuate, and therefore 

our relationships are likely to reflect an underestimation of the ‘true relation’. Yet, there 

is no possibility to verify these aspects in depth, apart from what we have recommended 

earlier on the desirability of validation of our prediction rule in other more recent cohorts. 

This recommendation latter, however, does not invalidate our findings. 

With respect to the definition of hypertension, we choose to define hypertension 

based on at least elevated levels at two visits. This approach was taken to limit spurious 

hypertension due to ‘white coats’ or ‘masked’ hypertension. Although current practice 

may dictate a remeasurement at an earlier time frame, our approach might have lead to 

an underestimation of the prevalence of hypertension. Having acknowledged that, the 

consequence is that among those currently categorized as ‘no hypertension’ some actually 

had hypertension. This process will attenuate associations under study, and thus generally 

lead to underestimation. Again, this aspect calls for validation of the prediction rule in 

other cohorts.

The strength of our study lies in that the cohort from which the model was derived is 

relatively large. The shrinkage factor was close to 1.00, also suggesting a stable model. 

Geographical validation showed that the model was stable across populations in two 

different cities in The Netherlands. Regarding the cohort, selection bias was avoided 

and follow-up was complete. Measurements were obtained in routine clinical practice. 

Therefore, the predictors in our model are well defined, easily measured clinical variables 

already available at the antenatal booking visit. 

Strengths and weaknesses in relation to other studies 

Several studies attempted to accomplish early prediction of the hypertensive disorders of 

pregnancy, in particular pre-eclampsia. Recent systematic reviews indicated that there is 

no single clinically useful screening test to predict the development of pre-eclampsia.5,7 
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Although modest predictive accuracies of anticardiolipin antibodies, the presence of 

bilateral diastolic notches in the uterine arteries during Doppler ultrasonography, and 

urinary kallikrein were demonstrated for low-risk women, the pretest probability of pre-

eclampsia was only minimally increased by positive test results. Therefore the clinical use 

of these tests is limited. In a recent meta-analysis on accuracy of mean arterial pressure 

and blood pressure measurements in predicting pre-eclampsia, we showed that mean 

arterial pressure is the best predictor, but probably not useful in clinical isolation because 

of the low positive likelihood ratio.29 A better approach to predict hypertensive disorders of 

pregnancy may be to use combinations of biochemical and/or biophysical markers, since 

gestational hypertension and pre-eclampsia are not monocausal disorders but syndromes 

that may develop by various different causative pathways.30 Such an approach was followed 

by Sibai and co-workers.12 They examined baseline blood pressure and demographic 

characteristics in the prediction of pre-eclampsia in healthy nulliparous women. Using 

SBP at entry, prepregnancy obesity, number of previous abortions and smoking history 

they were able to identify a tenth of the population at very high risk and another tenth at 

very low risk (ratio of risk 12 : 1). However, in approximately 50% of the women baseline 

blood pressure was measured no earlier than 20–27 weeks of gestation.In the present study 

SBP and DBP obtained as early as the antenatal booking visit prior to 16 weeks gestation, 

combined with weight, identified initially normotensive women at very low and high risk 

to develop hypertension before 36 weeks of gestation at least as accurately as in the study 

by Sibai et al. Poon and co-workers31 used the combination of maternal medical history 

and mean arterial pressure at 11+0 to 13+6 weeks’ gestation to predict pre-eclampsia and 

gestational hypertension, and found that for a 10% false-positive rate 60% of those who 

will develop pre-eclampsia and 40% of those who will develop gestational hypertension 

can be identified. One important predictor in their models, however, is a previous history 

of pre-eclampsia; prediction of pre-eclampsia has proven to be most difficult in nulliparous 

women.

Future research and implications

If our prediction model will be validated and confirmed in future studies, it may have 

substantial implications for clinical practice. Adequate identification of pregnant women at 

low risk of developing a hypertensive disorder before 36 weeks of gestation justifies a much 

lower frequency of antenatal visits in these women than the traditional schedule. Available 
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evidence suggests that a lower frequency of antenatal visits in low-risk pregnant women 

does not lead to increases in adverse outcomes for mother and child.8 It does, however, 

reduce the burden on the antenatal care system, and avoids unnecessary diagnostic and 

therapeutic interventions due to false-positive test results. 

The time and costs saved will be of benefit to pregnant women at high risk for adverse 

pregnancy outcome. Our model also identified initially normotensive women at high risk 

to develop hypertension before 36 weeks of gestation. Obstetric services should focus on 

these women by intensified surveillance and timely diagnosis. There is some evidence to 

suggest that such an approach may effectively improve pregnancy outcome.2,32 

In conclusion, using three simple clinical variables obtained routinely at the antenatal 

booking visit, we developed a model that accurately discriminates between very low and 

high risk for the development of hypertension prior to 36 weeks gestation in initially 

normotensive nulliparous women. If validated in recent cohorts this model may be of 

substantial benefit to the efficiency and effectiveness of antenatal care and may eventually 

help to improve pregnancy outcome in nulliparous women. 
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appendix  

Results of the geographical validation 

The distribution of patient characteristics was comparable in the development and 

validation data, except for the percentage of miscarriage, and smoking (Appendix Table 

1). The prevalence of hypertension before 36 weeks of gestation was higher in the Tilburg 

cohort (9.3 vs. 5.3%). The final model developed on the Amsterdam data contained the 

same predictors as the overall model and can be written as: 

Predicted probability of hypertension = 1 / (1+exp-(-9.660+ [0.362 x category SBP] + [0.297 x category DBP] + [0.022 

x weight]))

The calibration of the model was good, confirmed by a nonsignificant Hosmer-Lemeshow 

test (P¼0.91). The model discriminated well betweenwomen who developed hypertension 

and women who did not, with an AUC after correction for optimism of 0.80 (95% CI, 0.76 

to 0.84). 

For the validation process we adjusted the model interceptso that the average predictions 

were correct for the Tilburg population. The score chart based on the regression coefficients 

of the model and the adjusted intercept was applied to the Tilburg cohort. Discrimination 

was slightly lower than in the Amsterdam data (AUC 0.77, 95% CI 0.70 to 0.85). The model 

calibrated well, as showed by the classification of the women in risk categories (Appendix 

Table 2). 

In the Amsterdam cohort, the classification was comparable to the model based on the 

combined cohorts. 12% of the women fell in the very low risk category, of which only one 

woman developed hypertension (0.4%). According to the same classification criteria, in the 

Tilburg cohort less women fell in the low-risk category (4.1%), of which none developed 

hypertension. In the Amsterdam cohort, 12% were assigned a high prediction score with 

the risk of hypertension being 22.4%. In the Tilburg cohort 17.6% of the women fell in this 

category, with the risk of hypertension being 27.8%. 
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Appendix Table 1. Candidate predictors and adverse pregnancy outcomes
Candidate predictors Amsterdam

(n=1927)
Tilburg
(n=410)

Age (years) 27.7 ± 4.9 27.4 ± 3.6
Weight (kg) 65.6 ± 11.2 63.7 ± 9.1
Height (cm) 167.9 ± 7.1 167.2 ± 6.1
Systolic blood pressure (mmHg) 112.8 ± 12.7 114.8 ± 11.4
Diastolic blood pressure (mmHg) 70.7 ± 8.2 67.8 ± 8.5
≥ 1 miscarriage (%) 25.1 11.0
Smoking (%)
   Never smoker 71.7 69.5
   (Ever) smoker 28.4 30.5
Adverse maternal outcomes N (%)
   Hypertension before 36 wks gestation 103 (5.3) 38 (9.3)
   Proteinuria a 68 (3.5) 22 (5.4)
   Placental abruption 4 (0.2) 3 (0.7)
   Pre-eclampsia b 27 (1.4) 3 (0.7)
   Eclampsia c 0 (0.0) 0 (0.0)
   HELLP-syndrome d 4 (0.2) 2 (0.5)
   Cesarean section 176 (9.1) 21 (5.1)
   Maternal death 0 (0.0) 0 (0.0)
Adverse perinatal outcomes N (%)
   Preterm delivery <259 days 124 (6.4) 32 (7.8)
   5-minute Apgar-score ≤7 e 115 (6.0) 19 94.6)
   Low birth weight <2500 g f 128 (6.6) 35 (8.6)
   Small-for-gestational-age <2.3rd centile f 21 (1.1) 10 (2.4)
   Small-for-gestational-age <10th  centile f 173 (9.0) 37 (9.0)
   Neonatal admissions g

       Immediately after birth 308 (16.0) 81 (19.8)
       Within 24 hours 28 (1.5) 7 (1.7)
   Perinatal loss h 31 (1.6) 5 (1.2)

Data on candidate predictors are given as mean ± SD or as percentages. a Result of 2+ or more on 
dipstick analysis of a mid-stream urine specimen. b Blood pressure > 140/90 mmHg on two occasions, 
with proteinuria (dipstick 2+ or more). c Pre-eclampsia accompanied by convulsions. d Serum 
aminotransferase levels ≥70 U/l and platelet count <100 x 103/mm3. e In live born infants. f Infants 
with major congenital malformations (n=32) not included. g admission to the neonatal medium or 
intensive care unit within the first 24 hours after birth.h Fetal or neonatal death of a fetus with a 
birthweight ≥400 g, between 24 weeks gestation and one week post partum, in the absence of major 
congenital malformations.
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Appendix Table 2. Classification in risk categories in the Amsterdam and Tilburg cohorts
Number of 
women
developing 
HT (%)

Number 
of women 
without 
HT (%)

SE(%) SP(%) NPV(%) Number of 
women needing 
less frequent 
visits (%)

Amsterdam cohort (N=1927)
Very low risk (N=224)       1 (0.4) 223 (99.6) 99.0 12.2 99.6 224 (11.6)
Low risk (N=735)               9 (1.2) 726 (98.8) 90.3 52.0 99.0 959 (49.8)
Moderate risk (N=745)      43 (5.8) 702 (94.2) 48.5 90.5 96.9 1704 (88.4)
High risk (N=223)              50 (22.4) 173 (77.6)
Tilburg cohort (N=410)
Very low risk (N=17)          0 (0.0) 17 (100.0) 100.0 4.6 100.0 17 (4.1)
Low risk (N=134)               3 (3.0) 130 (97.0) 92.1 39.5 98.0 147 (35.9)
Moderate risk (N=187)      8 (7.5) 173 (92.5) 71.0 86.0 96.7 320 (78.0)
High risk (N=72)                27 (27.8) 52 (72.2)

HT: hypertension; SE: sensitivity; SP: specificity; NPV: negative predictive value
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abstract

Objective 

To validate the accuracy of a previously published clinical prediction model for the 

identification of women who develop hypertension before 36 weeks gestation in an 

independent population sample. 

Methods 

The prediction model includes three easy to measure variables: systolic blood pressure, 

diastolic blood pressure and weight. The performance of this prediction model was studied 

in 988 healthy nulliparous women recruited from 7 midwifery practices in Rotterdam, 

The Netherlands. We assessed its discrimination and calibration and calculated sensitivity, 

specificity and negative predictive value for different risk categories.

Results 

58 of 988 women (5.9%) developed hypertension before 36 weeks of gestation. The AUC of 

the prediction model was 0.73 compared to 0.78 in the original study. Of the women with a 

very low score (13.4% of the population), none developed hypertension before 36 weeks of 

gestation. In those with a high score (12.8% of the population) the risk was 15.9%.

Conclusion 

This validation study confirms the predictive ability of the model, which may be of use to 

reduce the number of frequent antenatal visits in healthy nulliparous women. 
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introduction

Hypertension is one of the most common complications of pregnancy and is a major 

cause of maternal and perinatal morbidity and mortality, in particular when hypertension 

is combined with proteinuria (pre-eclampsia).1 Because gestational hypertension can 

shortly progress to pre-eclampsia, de novo hypertension occurring after mid-gestation in a 

nullipara always requires intensified antenatal surveillance, and often more interventions, 

such as antihypertensive medication, hospital admission and, finally, induction of labor. 

Although there is no effective prevention strategy and the only cure is by delivery, 

identification of women at a high risk of developing hypertension already early in pregnancy 

is important. These women might benefit from intensified antenatal surveillance and 

timely diagnosis, improving pregnancy outcome. On the other hand, identifying women at 

very low risk of the disease may offer a possibility to reduce the number of antenatal visits 

in this group. Results from at least ten randomized trials suggest that in healthy nullipara, 

reduction of the number of antenatal visits to as few as four to eight could be implemented 

without any increase in adverse maternal and perinatal outcomes.2 The organisation of 

antenatal care could be much more efficient, targeting health care strategies to those 

women who might really benefit. 

In healthy normotensive nulliparous women adequate risk classification of hypertensive 

diseases has proven to be very difficult. Recent studies focus mainly on combinations of 

biomarkers to predict a high risk of developing pre-eclampsia.3;4 Although some show 

promising results, prediction models should preferably be based on parameters that are 

widely available and obtained at no or minimal cost. In a previous study, we developed 

and internally validated a model for prediction of hypertension in pregnancy before 36 

weeks of gestation using simple clinical variables routinely obtained at the first antenatal 

visit, namely systolic blood pressure, diastolic blood pressure and weight.5 The model 

accurately identified those women at very low risk of developing hypertension before 36 

weeks gestation, as well as those at high risk. Its predictive accuracy was confirmed by 

an area under the receiver operating characteristic (ROC) curve of 0.78. Geographical 

validation showed that the model was stable across populations in two different cities in 

The Netherlands.

Although the prediction model was internally and geographically validated in the 

derivation study, it has not been externally validated in a separate sample. Specifically, the 
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model was derived from data that was collected between 1990 and 1994, raising concerns 

about the model performance in contemporary populations. In this study, we investigated 

the accuracy of the prediction model in a subpopulation of the Generation R study, a 

recent, independent population-based cohort. 

Methods

Study population

The Generation R study is a population-based prospective cohort study to investigate early 

environment and genetic determinants of growth, development and health in fetal life, 

childhood and adulthood. The study is conducted in Rotterdam, the second largest city 

in the Netherlands. Rationale and details of the Generation R study have been previously 

published.6 In total 9,778 pregnant women with a delivery date between April 2002 and 

January 2006 were enrolled at their routine ultrasound examination in pregnancy after 

written consent was obtained. For this validation study only healthy, nulliparous women 

with a singleton pregnancy, who entered antenatal care at a midwife practice before 16 

weeks of gestation were included (n = 1038). This is the only group for which all necessary 

data were available. The women had an expected date of delivery between April 2002 and 

December 2004 and had their first control of blood pressure before 16 weeks gestational 

age. Gestational age was determined from the best estimate according to menstrual 

history or ultrasound measurement early in pregnancy. Blood pressure was measured by 

auscultatory sphygmomanometry. Only women who were normotensive (blood pressure 

<140/90 mmHg) at booking were included in our analysis (n = 988). 

Hypertension before 36 weeks of pregnancy was defined as SBP ≥140 mmHg and/or DBP 

≥ 90 mmHg measured twice with an interval of at least 6 hours, based on blood pressure 

measurements from midwives during regular routine antenatal visits.

Statistical analyses

The published prediction model uses SBP, DBP, and maternal weight for calculating the 

risk of hypertension (see Appendix).5 Missing values in the validation set on these variables 

(2.9%) were imputed with single regression techniques.7-9 
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To quantify external validity of the prediction model, we assessed its discrimination and 

calibration. Discrimination is the ability of the model to discriminate between patients 

with and without hypertension, and is quantified by the area under the receiver operating 

characteristic curve (AUC). An AUC ranges from 0.5 (no discrimination; same as flipping 

a coin) to 1.0 (perfect discrimination). Calibration refers to the agreement between the 

predicted probabilities and observed frequencies of hypertension. 

To further explore predictive ability, all patients were assigned to 1 of 4 risk categories (very 

low risk, low risk, moderate risk and high risk), based on the score chart derived from the 

previous published prediction model (see Appendix). For the thresholds, we calculated 

corresponding sensitivity, specificity and negative predictive value. 

The data were analyzed using the statistical software package SPSS for Windows (version 

17.0, SPSS Inc., Chicago, Illinois, USA) and R (version 2.7.0, http://www.r-project.org/).

results

There were 988 participants who were normotensive at booking. Measurements were 

performed at 12.0 ± 1.8 weeks of pregnancy, compared to 12.2 ± 2.1 weeks in the derivation 

study. 

Maternal characteristics and pregnancy outcome are given in Table 1. There were more 

women of Non-Caucasian ethnic origin in the validation sample (64% vs 76%). In the 

validation study 5.9% (N=58) of the women developed hypertension in pregnancy before 

36 weeks of gestation, compared to 6.0% in the original study. 
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Table 1. Maternal characteristics and pregnancy outcome in the validation and derivation 

study. 
Validation study (N=988) Derivation study (N=2334)

Characteristics
  Age (years) 28.0 ± 5.2 27.6 ± 4.7
  Weight (kg) 67.9 ± 12.3 65.2 ± 10.9
  Height (cm) 168.4 ± 7.4 167.7 ± 7.0
  Caucasian, N (%) 628 (63.6) 1768 (75.7)
  SBP (mmHg) 114.0 ± 9.7 113.3 ± 12.6
  DBP (mmHg) 67.0 ± 7.4 70.1 ± 8.2
Pregnancy Outcome
  Gestational age at
  Delivery (weeks)

39.9 ± 1.9 39.6 ± 2.9

  Birth weight (gram) 3339.4 ± 564.1 3279.0 ± 635.3
  Hypertension before 36
  weeks gestation, N (%)

58 (5.9) 141 (6.0)

Data expressed as mean±SD or numbers(%). SBP; systolic blood pressure, DBP;diastolic blood 
pressure. Definition gestational hypertension according to definition of ISSHP.

The area under the curve of the model was 0.73 (95% CI 0.67-0.80), compared 0.78 (95% 

CI 0.75-0.82) in the original study. The calibration plot is depicted in Figure 1. This figure 

shows that the mean predicted probability to develop hypertension before 36 weeks of 

gestation equals the mean observed proportion of women who did develop hypertension, 

up till a predicted probability of 18%. After this percentage, the predicted risks are too high. 

After applying the score chart, 132 out of 988 women were categorized as having a very low 

risk (Table 2). None of these women developed hypertension before 36 weeks of gestation. 

Application of the model using this threshold could thus reduce the number women 

needing frequent antenatal visits by 13% (compared to 19% in the original study), with 

a sensitivity of 100%, and a corresponding specificity of 14%. By increasing the threshold 

of less frequent antenatal visits specificity increases, but at the cost of lower sensitivity 

(missing women who do develop hypertension before 36 weeks of gestation). In the high 

risk category 16% of the women developed hypertension, compared to 23% in the original 

study.
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Figure 1. Calibration plot of observed and predicted probability of developing hypertension after 
applying the prediction model to the Generation R data. 

Table 2. Classification in risk categories in the validation and derivation study.
Women
developing 
HT
N (%)

Women 
without 
HT 
N (%)

SE(%) SP(%) NPV(%) Women needing 
less frequent 
visits N (%)

Validation study (N=988)
Very low risk (N=132) 0 (0.0) 132 (100.0) 100.0 14.2 100.0 132 (13.4)
Low risk (N=445) 15 (3.4) 430 (96.6) 74.1 60.4 97.4 577 (58.4)
Moderate risk (N=285) 23 (8.1) 262 (91.9) 34.5 88.6 95.6 862 (87.2)
High risk (N=126) 20 (15.9) 106 (84.1)
Derivation study (N=2334)
Very low risk (N=438)             2 (0.5) 436 (99.5) 98.6 19.9 99.5 438 (18.8)
Low risk (N=982) 27 (2.7) 955 (97.3) 79.4 63.4 98.0 1420 (60.8)
Moderate risk (N=599)          40 (6.7) 559 (93.3) 51.1 88.9 96.6 2019 (86.5)
High risk (N=315)          72 (22.9) 243 (77.1)

HT: hypertension; SE: sensitivity; SP: specificity; NPV: negative predictive value
Very Low risk = Sum score ≤4.5; Low risk = Sum score 5-6; Moderate risk = Sum score 6.5-7; High 
risk = Sum score ≥7.5. See score chart in Appendix.
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discussion

In this study we validated a previously derived prediction model for hypertension before 

36 weeks gestation in healthy nulliparous women by using recent data (2002-2006) of a 

separate sample of women receiving routine prenatal care in a primary health care setting. 

The data of this independent cohort confirm adequate predictive ability of the model and 

support its potential use to classify women into subgroups at very low, low, moderate and 

high risk for developing hypertension. Although the model performed more accurately in 

the data from which it was derived (AUC = .78) compared to the validation data (AUC = 

.73), this difference was not statistically significant. The calibration plot showed that after 

a predicted probability of 18%, the predicted risks were too high. This is not clinically 

relevant however; a predicted risk of 18% is high enough to classify a women as having a 

high risk anyway. More important is that low risks were adequately predicted, to classify 

women correctly as having a very low or low risk.   

Previous studies have also attempted to predict development of hypertensive disorders in 

pregnancy. Results of a large systematic review in 2004, conducted by the WHO failed 

to identify clinically useful “single” screening tests to predict the development of pre-

eclampsia.10 In 2008, authors of another systematic review concluded that no test, nor 

combinations of tests had emerged with high enough sensitivity and specificity to be of 

clinical use.11 The importance of continuing research to identify useful markers was stressed. 

The authors of a recent literature review concluded that specific angiogenic, antiangiogenic 

and proteomic markers are the most promising biomarkers of pre-eclampsia.12 In a recent 

case-control study, a consistent discriminatory metabolite signature in early pregnancy 

plasma was discovered, consisting of a combination of 14 metabolomic biomarkers.3 These 

kinds of studies offer insight into disease pathogenesis and generate hope that ultimately 

the screening test for pre-eclampsia will be developed. In the development of our model 

we specifically focused on commonly available clinical variables, easy to use in routine 

antenatal care in midwifery practices. After risk classification based on our model, validated 

screening tests based on biomarkers may help classify risk further. The cost-effectiveness of 

using these more expensive tests in all, or a selection of women needs further study.

Some aspects of our study need to be addressed to appreciate the results. First, a validation 

sample should include preferably a 100 events to detect substantial changes in accuracy 

with 80% power, e.g. a 0.1 change in c-statistic.13 In our validation sample, 58 women 
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developed hypertension before 36 weeks of gestation. This affects the precision of our 

estimates. Second, in the derivation study, blood pressure was measured by an automated 

device (BOSO). Based on the validation results of the BOSO equipment, measurements 

on average are slightly higher than what a standard mercury device would have measured. 

BOSO on average overestimates diastolic pressure by 1 mmHg and systolic pressure 

by 2 mmHg, as compared to standard auscultatory mercury sphygmomanometry by 

trained observers.14 In the validation sample, blood pressure was measured routinely by 

auscultatory shygmomanometry. The model however performed adequately despite this 

different method. Third, the validation sample included less Caucasian women. Although 

our model does not include ethnicity as a predictor and performed well in the validation 

sample, we recognise the importance of ethnicity in the risk of developing hypertensive 

disorders. 

A strength of the present study is that the subgroup of the Generation R population that 

received routine health care in multiple midwifery practices provided recent data, ideally 

suited for external validation of the prediction model. Furthermore, our model is very easy 

to use in clinical practice because it uses predictive variables that are obtained as part of 

routine care.  

The clinical implications of our study are that risk of hypertension before 36 weeks of 

gestation can be established early in pregnancy and patient management tailored to risk 

levels. The model could serve as a tool to identify women who might require intensified 

surveillance in pregnancy, in the future maybe after further screening based on biomarkers, 

while the antenatal visits in very low or low risk women might potentially be reduced.

This would obviously have implications in terms of more efficient utilisation of health-care 

resources. It is unknown whether such strategies based on this prediction model would be 

of benefit; this should be the focus of future research. 

In summary, a clinical prediction model consisting of three variables easily available to 

midwives, demonstrated adequate performance for classifying women according to their 

risk of developing hypertension before 36 weeks of gestation. 
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appendix

Prediction model for the development of hypertension before 36 weeks gestation.5

Variable
Regression 
Coefficient** 

Odds ratio
95% CI

Systolic blood pressure (category)*    0.33 1.39 1.26-1.53
Diastolic blood pressure (category)*    0.29 1.34 1.19-1.51
Weight (kg)    0.02 1.02 1.01-1.03
Intercept   -9.25
Area under the ROC curve***    0.78 0.75-0.82
Formula to calculate the risk of hypertension:
1 / (1+exp-(intercept + 0.334 x category SBP + 0.291 x category DBP + 0.023 x weight))

SBP: systolic blood pressure; DBP: diastolic blood pressure; ROC: receiver operating characteristic 
*Systolic blood pressure categorized per 5 mmHg: <80 (category 1); 80-84 (2); 85-89 (3); 90-94 (4); 95-
99 (5); 100-104 (6); 105-109 (7); 110-114 (8); 115-119 (9); 120-124 (10); 125-129 (11); 130-134 (12); 
≥135 (13). Diastolic blood pressure categorized per 5 mmHg: <50 (category 1); 50-54 (2); 55-59 (3); 
60-64 (4); 65-69 (5); 70-74 (6); 75-79 (7); 80-84 (8); ≥85 (9). 

Score chart for the risk of developing hypertension before 36 weeks of gestation.5

Predictor Score

Systolic blood pressure (mmHg) …
< 85 0.5

85-89 1
90-99 1.5

100-104 2
105-114 2.5
115-119 3
120-129 3.5

≥ 130 4
Diastolic blood pressure (mmHg) …

< 55 0.5
55-64 1
65-74 1.5
75-79 2

≥ 80 2.5
Weight (kg) …

< 55 1
55-79 1.5
80-99 2
≥100 2.5

…

-------+
Sum score …
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abstract

Objective 

To develop a prediction model for early-onset pre-eclampsia (PE) in apparently healthy 

women, based on a combination of easy to measure clinical and biochemical risk factors, 

to be used in a standard preconceptional care setting.

Methods 

Primiparous women with a history of early-onset PE (n=243) and an unselected 

population-based group of 299 apparently healthy women were included in a case-control 

study. Candidate predictors were body-mass index, systolic blood pressure, diastolic blood 

pressure, HDL-cholesterol, LDL-cholesterol, triglycerides, and fasting blood glucose. 

Stepwise logistic regression analysis was used to develop the prediction model. Based 

on this model the individual risk for early-onset PE was calculated, to allow for risk 

stratification prior to pregnancy. 

Results 

Independent predictors of early-onset PE were diastolic blood pressure, HDL-cholesterol, 

LDL-cholesterol and fasting blood glucose levels. The area under the curve of the model 

was 0.79 [95% CI 0.75-0.83]. Using this model, 56% of the future early-onset PE cases could 

be identified, with a false-positive rate of 11%. 

Conclusion 

In this study we developed a promising prediction model, using four simple clinical and 

biochemical markers, to quantify maternal risk of early-onset PE prior to pregnancy. 

This model may facilitate prepregnancy risk stratification, enabling selection of high-risk 

women eligible for further testing and/or intensive surveillance in pregnancy.
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introduction

Pre-eclampsia (PE) is a major cause of maternal perinatal morbidity and mortality, that 

affects 1-5% of pregnancies in the western world.1;2 Although in the majority of women 

the onset of the disorder is near term, approximately 10% occurs preterm.2 Recognition 

is growing that early-onset PE, i.e. PE resulting in delivery prior to 34 weeks gestation, 

and late-onset PE are likely to be different entities of the disease.3-5 Early-onset PE is 

commonly associated with adverse outcomes such as HELLP syndrome, seizures, cerebral 

haemorrhage or death of the mother and intrauterine growth restriction, preterm delivery, 

hypoxia and neurologic injury, and perinatal death of the baby.5;6 Conversely, under the 

current standard of obstetric care, late-onset PE usually has a milder presentation with a 

relatively low rate of serious maternal complications, and a generally favorable perinatal 

outcome.7 

The clinical syndrome of PE is characterized by widespread endothelial damage with 

marked vascular compromise and metabolic changes.5;8 Many features of PE resemble 

changes closely related to atherosclerosis, including dyslipidemia, insulin resistance, 

hypercoagulability and inflammation.8;9 In women who develop PE, components of the 

metabolic syndrome are more commonly present before, during and after pregnancy.10-12 

Many of the individual risk factors related to cardiovascular health also have been noted to 

be risk factors for the development of PE.10;13

Because of the major clinical implications of early-onset PE for both the mother and her 

baby, strategies have been proposed for primary and secondary prevention.14-16 Although 

certain strategies seem to show some benefit in selected populations, in all studies 

numbers-needed-to-treat are very high due to the low overall prevalence of the disorder.14;15 

Prediction models that combine patient characteristics to estimate absolute risks for 

individual women may help to identify the women at high risk prior to pregnancy. In 

addition, professional guidelines emphasize the importance of preconceptional individual 

risk assessment, pre-pregnancy planning and preconceptional health promotion as a 

major goal to improve pregnancy outcome.17 Unfortunately, prediction is most difficult 

in nulliparous women, partly because most known risk factors only become clear after 

pregnancy (i.e. previous history of PE, fetal growth retardation and duration of pregnancy). 

To enable risk assessment in apparently healthy nulliparous women, we aimed to develop 

a so-called multivariable prediction model using a combination of easy to measure clinical 
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and biochemical factors related to cardiovascular health, to allow for preconceptional 

estimation of the risk of early-onset PE.

Methods

Patient population  

We conducted a case-control study of 243 primiparous women who had experienced early-

onset PE that prompted delivery before 34 weeks of gestation in their first ongoing pregnancy 

(cases), and 299 apparently healthy nulliparous controls. Patients with a first pregnancy 

complicated by early-onset PE referred for tertiary care to the University Medical Center 

Utrecht, in Utrecht, The Netherlands, between November 1994 and January 2007 were 

included in the case-group. We excluded women with preexistent chronic hypertension 

as defined by hypertension that required the use of antihypertensive medication before 

pregnancy. The control group consisted of 299 healthy nulliparous women of similar age, 

recruited for the Atherosclerosis Risk in Young Adults (ARYA) study, that comprised an 

unselected population-based cohort of similar demographic and geographical background. 

Details of inclusion criteria, recruitment procedures, data and sample handling of the 

ARYA study have been previously described elsewhere.18 

The study was approved by the institutional review board of the University Medical Center 

Utrecht and participants provided written informed consent. 

Predictors

Candidate predictors were selected based on previously described association with early-

onset of first PE.19 These candidate predictors were body-mass index, systolic blood 

pressure, diastolic blood pressure, HDL-cholesterol, LDL-cholesterol, triglycerides, and 

fasting blood glucose. 

In the controlgroup,demographic, general medical and fasting blood samples were obtained 

at enrollment as described elsewhere.18 In the case group, assessment of predictors was 

performed at least three months after delivery. Blood pressure was measured by auscultatory 

sphygmomanometry with a validated sphygmomanometer by a trained research nurse, as 

the mean value of two separate measurements. Body-mass index was calculated, using 

height and weight. Fasting blood samples were collected, immediately centrifuged and 
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directly analysed for lipid markers, glucose and triglyceride levels by standard procedures 

at the routine Clinical Chemistry Laboratory of our hospital. A detailed description of 

measurements and laboratory procedures was previously published elsewhere.20;21 Briefly, 

fasting total cholesterol, HDL-cholesterol, triglycerides and glucose were determined using 

a Vitros950 dry-chemistry analyzer (Johnson & Johnson, Rochester, NY). LDL-cholesterol 

was calculated using the Friedewald formula. Within-run variation coefficients were 1.7% 

for total cholesterol, 2.3% for HDL-cholesterol, 1.9% for triglycerides and 4.3% for fasting 

glucose levels. All analyses were performed by technicians blinded for outcome. 

Outcome

PE was defined as the presence of gestational hypertension and concomitant proteinuria 

in the second half of pregnancy, based the criteria of the International Society for the 

Study of Hypertension in Pregnancy (ISSHP).22 According to ISSHP criteria, gestational 

hypertension is defined as diastolic blood pressure ≥ 90 mm Hg and/or systolic blood 

pressure ≥ 140 mm Hg, measured on two or more separate occasions at least 4 hours apart; 

proteinuria is diagnosed when ≥ 300 mg is measured in a 24-hour collection or ≥ 2+ at 

dipstick urinalysis. Early-onset PE was defined as PE, that required delivery before 34 

completed weeks of gestation.

Data analysis

We developed a prediction model following state of the art methodology.23;24 First, based 

on restricted cubic spline analysis on the association between each continuous candidate 

predictor and the outcome, non-linear transformations were used where necessary.23;24 

Second, all candidate predictors were simultaneously included in a multivariable logistic 

regression model and were excluded one-by-one using the likelihood ratio test with a 

p-value of 0.157, i.e. equal to Akaike’s Information Criterion for predictors with one degree 

of freedom .23;25 This was done to obtain a reduced (and easier to use) prediction model 

with comparable predictive performance as the overall model. 

To study the performance of our overall and final (reduced) prediction model, we assessed 

its discrimination and calibration. Discrimination was defined as the ability of the model 

to distinguish between women that develop early-onset PE and women from the control 

group that do not develop PE, and was quantified with the area under the receiver operating 

characteristic curve (AUC). An AUC ranges from 0.5 (no discrimination; same as flipping 
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a coin) to 1.0 (perfect discrimination). 23 Calibration refers to the agreement between the 

predicted absolute risks of PE and the observed PE frequencies. This was expressed by 

comparing the observed incidence of PE per predicted risk category. 

Prediction models are known for overestimated regression coefficients, which results in too 

extreme (optimistic) predictions when applied in new patients.24;26 Therefore, we (internally) 

validated our model with bootstrapping techniques where in each bootstrap sample the 

entire modeling process (including the variable selection process) was repeated.24;27 The 

regression coefficients of the final model were then adjusted for overfitting by multiplying 

it with the estimated shrinkage factor, yielded from the bootstrap. The bootstrap procedure 

was also used to estimate an adjusted value of AUC corrected for overoptimism, which can 

be considered as an estimate of discriminative ability that is expected in future women. 

Case control studies (that are not nested within an existing cohort of known size) cannot 

provide for absolute risk estimates because the baseline risk or the intercept of a prediction 

model derived from a case-control study is not correct; the odds ratios are correct. However, 

methods have been developed to allow for absolute risk estimations from prediction 

models developed from a case-control study.26;28 Based on literature and expert opinion 

we assumed the background incidence (i.e. absolute baseline risk) of early-onset PE to be 

about 0.3% in the Netherlands.2 To allow for proper estimates of the absolute risks of early-

onset PE (across predicted risk categories), we simply weighted the 299 control sample by 

multiplying it with [1/sampling fraction]. This sampling fraction was calculated as follows: 

with the incidence of early-onset PE of 0.3% and given our 243 cases, there would be a total 

of 81.000 women without early-onset PE. Since in our study the number of controls was 

299, this implies a sampling fraction of 299/81.000 = 0.0037. Given this, we adjusted the 

intercept of the final prediction model, such that the mean predicted risk was equal to the 

frequency of 0.3%.29;30 

To investigate whether levels of predictors of the final model were influenced by the interval 

between delivery and assessment, linear regression analysis was performed.

Neglecting missing data in a dataset is known to lead to biased results and loss of 

precision.31-33 Therefore, missing values (<5% for all variables) were imputed with single 

regression techniques using all other available information of the patients. 

Data were analysed using SPSS for Windows (version 14.0, SPSS Inc., Chicago, Illinois, 

USA) and R (version 2.4.0, http://www.r-project.org/).
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results

Baseline clinical characteristics of the study group and the population-based controls are 

summarized in Table 1. At a mean (SD) interval of 9.4 (11.4) months after delivery, women 

with previous early-onset PE had higher systolic and diastolic blood pressure, weight, and 

BMI, as compared to controls, and also higher concentrations of total cholesterol, LDL-

cholesterol, triglycerides and glucose. No differences were observed in height and current 

smoking. Cases were slightly older than controls. The pregnancies of the women with 

early-onset PE were characterized by high rates of maternal and fetal complications: mean 

age at delivery was less than 30 completed gestational weeks, 62% of the women met the 

criteria for HELLP syndrome, 11% suffered placental abruption, and more than half of 

the infants were born small-for-gestational age (birth weight <5th centile) due to severe 

intrauterine growth restriction.

Table 1. Characteristics of the cases with early-onset pre-eclampsia and the controls
Early-onset 

pre-eclampsia
(n=243)

Control patients
(n=299)

P Value

Age at inclusion (yr) 30.5 ± 4.5 28.2 ± 0.9 <0.001
Height (cm) 169.7 ± 6.6 170.5 ± 6.4 0.123
Weight (kg) 74.7 ± 16.5 69.5 ± 12.9 <0.001
Body mass index (kg/m2) 26.1 ± 5.5 23.9 ± 4.4 <0.001
Blood pressure (mmHg)
  Systolic 125.8 ± 13.0 120.2 ± 12.0 <0.001
  Diastolic 78.7 ± 10.2 70.9 ± 8.5 <0.001
Plasma lipid profile (mg/dL)
  Total cholesterol 198.3 ± 40.6 184.8 ± 30.5 <0.001
  HDL-cholesterol 55.1 ± 14.1 62.3 ± 14.0 <0.001
  LDL-cholesterol 119.3 ± 36.4 101.4 ± 29.4 <0.001
  Triglycerides 120.6 ± 76.2 106.8 ± 45.8 0.018
Fasting blood glucose (mmol/L) 5.1 ± 0.6 4.8 ± 0.4 <0.001
Current smoker, N (%) 61 (25.1) 78 (26.1) 0.727
Characteristics of pregnancy (cases only)
  Gestational age at delivery (wk) 29.8 (2.4) - -
  Delivery at < 28 wks, N (%) 50 (20.6) - -
  Delivery at > 28 wks < 34 wks, N (%) 193 (79.4) - -
  Pre-eclampsia, N (%) 243 (100.0) - -
  HELLP syndrome, N (%) 150 (61.7) - -
  Abruptio placentae, N (%) 27 (11.1) - -
  Mean birth weight (g) 1083.0 (453.5) - -
  Small-for-gestational-age infant <p10, N(%) 148 (60.9) - -

Data are expressed as mean ± SD or as a percentage, and compared by the independent samples T-test 
Chi-square test where appropriate.
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There was no need for non-linear transformations of the continuous predictors. Diastolic 

blood pressure, HDL-cholesterol, LDL-cholesterol and fasting blood glucose were found 

to be the independently associated predictors of early-onset PE (Table 2). The model 

discriminated well between women with early-onset PE and controls, the AUC after 

correction for optimism was 0.79 (95% CI, 0.75 to 0.83). After reweighing the control 

group, the intercept was adjusted and the final prediction model as shown in Table 2 was:  

1 / (1 + e – (-15.63+ 0.07 x DBP – 0.03 x HDL-cholesterol + 0.01 x LDL-cholesterol + 1.02 x fasting blood glucose)). 

Table 2. Final prediction model for the development of early-onset pre-eclampsia

Variable
Regression 
Coefficient* 

Odds ratio
95% CI

Diastolic blood pressure     0.07 1.07 1.05 – 1.10
HDL-cholesterol    -0.03 0.97 0.95 – 0.99
LDL-cholesterol     0.01 1.01 1.00 – 1.02
Fasting blood glucose     1.02 2.80 1.68 – 4.68
Intercept** -15.63

* After adjustment for overfitting by shrinkage (shrinkage factor = 0.89)
** The original constant of the model was -10.17 (adjusted for overfitting). After reweighing the control 
sample (see text), the model’s intercept became -15.63.

The predicted risk ranged from 0.01% to 89.2% (mean 0.3%). The model calibrated well, as 

shown by the classification of the women in risk categories (Table 3). Of all subjects with 

a predicted risk of ≥0.5%, 1.5% developed early-onset PE (the posterior risk being 5 times 

higher than the prior risk). By choosing this threshold, more than half of the cases could be 

identified (136 out of 243, a sensitivity of 56%), with a false-positive rate of 11% (8969 out 

of 81268 incorrectly predicted as early-onset PE cases). 

The results of the linear regression analysis show no significant effect of the interval 

between delivery and assessment on the levels of predictors (table 4).
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Table 3. Observed number of women with early-onset pre-eclampsia per (model’s) 

predicted risk category
Predicted risk Number of women

developing early-onset PE
(% of total number of women)

Total number of women
(%)

<0.1% 11 (0.05) 23.114 (28.4)
≥0.1;  <0.2% 26 (0.1) 23.129 (28.4)
≥0.2; <0.3% 31 (0.2) 14.980 (18.4)
≥0.3; <0.5% 39 (0.3) 11.183 (13.7)
≥0.5% 136 (1.5)   9.105 (11.2)

Total 243 (100) 81.511 (100)

The number of subjects without early-onset PE was estimated by weighting the number of subjects 
per risk category in the control group by the inverse of the artificial sampling fraction based on an 
incidence of early-onset PE of 0.3% (ncontrol group * 1/0.0037).

Table 4. Results of linear regression analysis with interval between delivery and assessment 

(weeks) as independent variable
Dependent variable Regression coefficient (95% CI) P value
Diastolic blood pressure 0.00 (-0.02, 0.03) 0.78
HDL-cholesterol 0.00 (-0.03, 0.04) 0.80
LDL-cholesterol 0.03 (-0.06, 0.01) 0.48
Fasting blood glucose 0.00 (-0.00, 0.00) 0.42

discussion

Despite considerable efforts, there is no effective strategy to prevent early-onset PE up to 

now, and the disorder can only be cured by termination of pregnancy.1;5 Timely diagnosis 

and intensified surveillance once the diagnosis has been made may contribute to better 

outcome for both mothers and babies. A major difficulty in the development of strategies 

to aim at primary prevention of early-onset PE is the lack of accurate, validated prediction 

models to select patients at high risk. In this study we developed a reliable prediction 

model for early-onset PE before pregnancy, using a combination of simple clinical and 

biochemical maternal characteristics known to be associated with cardiovascular risk. 

Parameters for this model can be easily obtained before pregnancy, which allows for simple 

and early prediction of early-onset PE in a preconceptional setting. 
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To our knowledge, no previous studies are adequately powered to predict early-onset 

PE, which must be considered as the most important clinical end-point. In a smaller 

study, Emonts and co-workers describe a three-step prediction index for severe PE with 

a satisfactory positive predictive value (up to 32%).34 Similar to our approach, they used 

a case-control design and based the models on patient history, laboratory, and clinical 

parameters measured 18 months after pregnancy. Although applicable in a preconceptional 

care setting, the authors included early-onset as well as late-onset cases, and did not correct 

the biased intercept, which may have lead to biased risk estimates. Most other prediction 

models for PE are derived from cohort studies, and some seem promising with reasonable 

predictive values.35;36. However, these studies are of limited use for preconceptional risk 

stratification, as prediction algorithms are mostly based on first or second trimester 

measurements, such as uterine artery Doppler studies, and/or make use of non-routine 

laboratory tests, e.g. first trimester PAPP-A levels, angiogenic and oxidative stress 

biomarkers. Therefore, these prediction models are unsuitable for large-scale testing in a 

low-risk population. Our prediction model could easily be applied to estimate risk already 

before pregnancy, identifying over half of all future early-onset PE cases, with only about 

10% false positive predictions. It may be worthwhile to study feasibility and effectiveness 

of a two-stage prediction for early-onset PE, with our model as the initial test prior to 

conception, and subsequently a second-trimester model including uterine artery Doppler 

and angiogenic biomarkers in the “high-risk” women. 

Strengths and limitations

Some aspects of the study need to be addressed to appreciate the results. For this study, we 

included a large well-characterized population of apparently healthy women with previous 

early-onset PE. For optimal comparison, we used a population-based control group, 

instead of the commonly used control group consisting of women who experienced only 

uneventful pregnancies. Because a normotensive pregnancy is a predictor of having a more 

favourable cardiovascular risk profile, the latter approach may lead to significant selection 

bias,37. Therefore, the use of a population-based control group provides more appropriate 

risk estimates useful for clinical counselling. Ideally, this population-based control group 

would who would not have developed specifically early-onset PE. However, the incidence 

of early-onset PE is extremely low (0.3%), that based on this number we could speculate 

that maybe one woman would have developed early onset PE. In our opinion this would 

not have affected the associations under study. 
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A cohort study would be the desired design to develop a prediction model, in order to 

derive reliable estimates of absolute probabilities. However, due to the very low incidence 

of early-onset PE, a cohort study is difficult if not impossible to accomplish. Based on an 

incidence rate of 0.3% of early-onset PE, one would need a cohort of 80.000 women to 

be followed to end up with a study with 240 cases, similar to ours. Such a study design 

is not feasible considering the resources presently available for obstetric research. In our 

study, the regression coefficients and odds ratios of the predictors are correctly estimated 

whereas a baseline risk of early-onset PE (or the intercept of the prediction model) cannot 

be estimated directly. However, we adjusted the model intercept so that the average 

predictions were correct for the weighted dataset resembling the incidence of 0.3%.38 

It should be noted that risk factors were measured several months after delivery in the 

case group. Therefore, some caution should be applied with respect to possible changes in 

risk factor levels due to pregnancy itself. It cannot be ruled out that early-onset PE or even 

normal maternal adaptation to pregnancy leads to long-term metabolic, cardiovascular 

and inflammatory changes, however, recent evidence is consistent with the assumption 

that most constitutional cardiovascular risk factors in women are already present before 

pregnancy in women destined to develop PE, and that after delivery these factors return 

to their baseline levels.39;40 In an attempt to exclude any temporary effects of pregnancy 

itself, women were enrolled at least three months after delivery. In addition, levels of 

predictors were not influenced by the interval between delivery and assessment, suggesting 

that biomarker levels returned to baseline at the time of inclusion. Nonetheless, a more 

conclusive answer to this question would again require prospective data form a very large 

cohort of pregnant women to include actual pre-pregnancy risk factor assessment. 

Implications and future research

Potential benefits of prepregnancy planning and women’s health promotion to improve 

reproductive outcome are increasingly being recognized.41. The Center for Disease Control 

and Prevention’s (CDC) Select Panel on Preconception Health recommends that “as part 

of primary care visits, risk assessment and educational and health promotion counselling 

should be provided to all women of reproductive age to reduce reproductive risks and 

improve pregnancy outcomes.42 After external validation, our simple prediction model 

may be a useful tool to take a first step towards risk stratification, especially since the 

predictors are all metabolic risk factors and can be easily obtained in primary care. In 

addition, identification of women at risk of early-onset PE could also be of importance for 



chapter 3.168

the design and execution of preventive and intervention studies because it would allow 

appropriate use of resources and aim at optimal cost-effectiveness of antenatal care as a 

whole. 

In summary, in this study we developed a prediction model for early-onset PE, based 

on four simple clinical and biochemical markers that can be easily obtained in a routine 

preconceptional care setting. Our model may facilitate prepregnancy risk stratification to 

improve early selection of high-risk women who will benefit from intensified surveillance, 

timely diagnosis and intervention in pregnancy. 
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abstract

Objective

To develop a model to identify women at very low risk for a recurrence of early-onset pre-

eclampsia.

Methods

We enrolled 407 women who had experienced early-onset pre-eclampsia in their first 

pregnancy, resulting in a delivery before 34 weeks gestation. Pre-eclampsia was defined as 

hypertension (systolic blood pressure ≥ 140 mmHg and/ or diastolic blood pressure ≥ 90 

mmHg) after 20 weeks’ gestation along with de novo proteinuria (≥ 300 mg urinary protein 

excretion/day). Based on previous published evidence and expert opinion, five predictors 

(gestational age at previous birth, prior small-for-gestational-age newborn, fasting 

blood glucose, body mass index and hypertension) were entered in a logistic regression 

model. Discrimination and calibration were evaluated after adjusting for overfitting by 

bootstrapping techniques.

Results

Early-onset disease recurred in 28 (6.9%) of 407 women. The area under the receiver 

operating characteristic (ROC) curve of the model was 0.65 (95% CI: 0.56 – 0.74). 

Calibration was good, indicated by a non-significant Hosmer-Lemeshow test (P = 0.11). 

Using a predicted absolute risk threshold of, for example, 4.6% (i.e., women identified with 

an estimated risk either above or below 4.6%), the sensitivity was 100%, with a specificity 

of 26%. In such a strategy, no women who developed pre-eclampsia were missed, while 

98 of the 407 women would be regarded as low risk, not necessarily requiring intensified 

antenatal care.

Conclusion

Our model may be helpful in the identification of women at very low risk of recurrent 

early-onset pre-eclampsia. Before widespread application, our model should be validated 

in other populations.
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introduction

Pre-eclampsia, including the syndrome of haemolysis, elevated liver enzymes and low 

platelets (HELLP), is a pregnancy-related hypertensive disorder which complicates 

2-8% of all pregnancies in nulliparous women1-4, and accounts for approximately 10% 

of all pregnancy-related maternal mortality in developed countries.5 Early-onset disease, 

occurring in about 10% of all cases6, is defined as pre-eclampsia resulting in delivery 

before 34 weeks’ gestation. It can lead to serious maternal and perinatal complications.7 

The precise cause of pre-eclampsia is still unsettled, but the current idea favors a two-

stage model of placental disease that initiates a maternal inflammatory syndrome causing 

generalized endothelial dysfunction.8

Although pre-eclampsia is mostly considered a disease of the first pregnancy, pregnant 

women with a history of pre-eclampsia are at increased risk.9-12 Estimates of the rate of 

early-onset recurrence in women with previous pre-eclampsia are approximately 4-7%.1;7 

Furthermore, the course of the disease is reported to be more severe among women with 

recurrent pre-eclampsia than among pre-eclamptic nulliparas.13

At present, there are no guidelines for the management of women with a history of 

early-onset pre-eclampsia. In clinical practice these women usually receive intensified 

surveillance, with far more than the routine antenatal visits, and additional testing like 

uterine artery Doppler studies and serial fetal ultrasound biometry and Doppler studies, 

and repeated biochemical testing. Yet, we have previously shown that only 25% of these 

women develop recurrent pre-eclampsia and only 5% develop recurrent early-onset 

pre-eclampsia.7 Therefore, most women with a history of early-onset pre-eclampsia 

may be monitored safely by routine antenatal care, rather than intensified surveillance. 

Identification of women with a very low recurrence risk, early in of even prior to the 

subsequent pregnancy, would decrease the burden of intensified surveillance for both the 

women and the antenatal care facilities and resources. 

Recently, we published a prediction model to estimate the recurrence risk in women with 

pre-eclampsia, including HELLP, diagnosed before or at 34 weeks, resulting in delivery 

before 37 weeks’ gestation14, thus including also the later and milder cases. The number 

of cases (N = 16) in this single-centre study was rather small, and thus precision and the 

general applicability of the model seems limited. In the present study we aimed to develop 

a preconceptional model for the prediction of recurrence of early-onset pre-eclampsia, 
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including the HELLP-syndrome, resulting in delivery before 34 weeks’ gestation. We used 

data of 407 women with a previous early-onset pre-eclampsia who delivered in any of five 

Dutch perinatal referral centers.

patients and Methods

Patients

We combined five cohorts comprising women with early-onset pre-eclampsia, including 

the HELLP syndrome, in their first pregnancy, resulting in delivery before 34 weeks of 

gestation. These women had undergone subsequent postpartum screening and had 

a recorded subsequent ongoing pregnancy, following the index pregnancy that was 

complicated by early-onset pre-eclampsia. The maternal and neonatal outcomes of that 

second pregnancy were available. Only women with first and subsequent deliveries of 

singletons were included. Data were collected from five perinatal tertiary referral centers 

in the Netherlands (Maastricht University Medical Center, University Medical Center 

Utrecht, Academic Medical Center Amsterdam, University Medical Center St. Radboud 

Nijmegen and Máxima Medical Center Veldhoven) between 1993 and 2008. The date of 

delivery of the subsequent pregnancy was used as the inclusion date.

In all five hospitals, pre-eclampsia was defined as de novo hypertension (systolic blood 

pressure (BP) ≥ 140 mmHg and/ or diastolic BP ≥ 90 mmHg) after 20 weeks’ gestation 

along with de novo proteinuria (≥300 mg urinary protein excretion/day), in accordance 

with the criteria of the International Society for the Study of Hypertension in Pregnancy 

(ISSHP).15 Pre-eclampsia superimposed on chronic hypertension was defined as de novo 

proteinuria complicating pre-existent hypertension after 20 weeks’ gestation or a sudden 

increase in proteinuria or blood pressure in women whose hypertension had previously 

been well controlled.15 The HELLP syndrome was defined as thrombocytopenia, hemolysis, 

and abnormal liver enzymes.16 Cases were defined as women who had recurrent disease 

requiring delivery before 34 weeks’ gestation.

Preconceptional predictors

Selected predictors of the recurrence risk of early-onset pre-eclampsia were chosen on 

the basis of previous studies17-19, and the availability of the predictors in all five cohorts. 
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One gynecologist was involved in the preselection of variables (LP), after which consensus 

was reached about the selection of variables among all expert-gynecologists within the 

author team. The list of selected predictors included items chosen from laboratory data 

obtained during postpartum screening, obstetrical history and medical history. Since the 

absolute number of women with a recurrent pre-eclampsia was small (n = 28), we allowed 

only 5 predictors to be included in the model in order to prevent severe overfitting with 

subsequently low generalizability.20-22 All predictors were measured when women were 

between their first index preterm pregnancy and their consecutive ongoing pregnancy.

One predictor was selected from laboratory tests, i.e. fasting blood glucose; predictors 

from obstetrical history and medical history were prior small-for-gestational-age (SGA) 

newborn, pregnancy duration of the first (index) pregnancy, body mass index (BMI) 

obtained during postpartum screening, and the presence or absence of hypertension. 

Maternal BMI and hypertension are widely accepted as predictors of pre-eclampsia.10, 23 

Glucose can be seen as a proxy for insulin resistance, also a well known predictor of pre-

eclampsia.9;24;25 Prior SGA newborn and a lower gestational age at the index pregnancy are 

known to be associated with a higher risk of recurrent pre-eclampsia17;19,

Fasting blood glucose levels were measured after a 12-hour fasting period. Prior SGA 

newborn was defined as birth weight below the 10th percentile for gestational age at 

delivery, based on the most recent Dutch population charts.26 We defined hypertension as 

raised blood pressure (systolic blood pressure (BP) ≥ 140 mmHg and/ or diastolic BP ≥ 90 

mmHg) or the use of antihypertensive medication before the second pregnancy.

Data analysis

Data were incomplete for some predictor variables. Glucose level was missing in 19.7% 

of the cases, maternal BMI in 10.1% of the cases, and chronic hypertension in 3.9% of the 

cases. Pregnancy outcomes were available for all subjects. We made the assumption that 

these data were missing at random (MAR), meaning that the probability of values being 

missing is deducible from values of other variables in the model, including the outcome 

variable.27 We imputed these values by means of single regression imputation, since non-

imputed complete case analyses often yield biased results.28 

After imputation, the five selected predictors were entered in a multivariate logistic 

regression model. According to methodological recommendations29;30, the predictors 

remained in the prediction model irrespective of their statistical significance since the 
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primary goal is the estimation of the individual risk of recurrence, not the estimation of 

regression coefficients or odds ratios.

Next, we assessed the performance of the prediction model by quantifying discrimination 

and calibration. Discrimination is the ability of the model to distinguish between women 

that develop early-onset pre-eclampsia and those who do not, quantified by the area under 

the receiver operating characteristic (ROC) curve.31 The area under the ROC curve can 

range from 0.5 (no discrimination; in effect a flip of a coin) to 1.0 (perfect discrimination). 

Calibration refers to the agreement between the predicted probabilities and observed 

frequencies of recurrent pre-eclampsia. We evaluated calibration of the model by using 

the Hosmer-Lemeshow (H-L) goodness-of-fit test.32 A high H-L statistic is related to a 

small p-value and indicates lack of fit. To reduce the risk of overfitting of the regression 

coefficients, a well-known phenomenon in predictive models22, we used bootstrapping 

techniques (i.e. repeating the entire modeling process) to internally validate the prediction 

model and adjust the regression coefficients by the resulting shrinkage factor.33 The number 

of bootstrap samples we used was 200. This internal validation step is undertaken to 

estimate the likely performance of the final model in new subjects, since external validation 

by split-sample would greatly reduce the sample size for the derivation of our model.34 This 

does not make an external validation step obsolete, but corrects for a model’s overfitting 

by making future predictions slightly less extreme. In addition, the discrimination and 

calibration of the adjusted prediction model were estimated. Finally, we constructed a table 

comparing sensitivity, specificity and positive and negative predictive values for different 

risk thresholds.

results

Patient population

The final study population consisted of 407 women with a history of early-onset pre-

eclampsia and/or HELLP in their first pregnancy. Characteristics are shown in table 1. The 

overall recurrence of early-onset pre-eclampsia, including the HELLP-syndrome, was 6.9% 

(95% confidence interval: 4.4 – 6.9, in total 28 recurrences).
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Table 1. Characteristics of overall study population
Characteristic (total group: n=407)
Recurrence early-onset pre-eclampsia and/or HELLP 28 (6.9)
Body mass index (kg/m2) 25.7 (4.7)
Hypertension, n (%) 159 (39.1)
Circulating level of glucose (mmol/L) 5.0 (0.8)
Characteristics of first pregnancy
Gestational age at delivery (days) 208.6 (17.3)
Infant’s birth weight (g) 1078.6 (447.3)
SGA newborn (<10th centile), n (%) 146 (35.9)
Age at first delivery (yr) 28.8 (3.9)

Data are given as mean ± SD or as percentages. 

Model development and performance

Table 2 shows the parameters of the model. The initial regression coefficients were adjusted 

for overfitting using a shrinkage factor of 0.74. The outcome of the model was the individual 

recurrence risk estimate, which ranged from 0 to 100%. Discrimination of the model was 

0.65 (95% CI: 0.56 – 0.74), after correction for optimism by bootstrapping. The calibration 

of the model was good, confirmed by a non-significant Hosmer-Lemeshow test (P = 0.11).

Table 3 shows the clinical impact of using the model, with different thresholds for the 

predicted risk. Using a predicted risk threshold of, for instance, 4.6%, sensitivity was 

highest (100%), with a specificity of 26%. From table 3 it can be seen that, when using a 

4.6% risk threshold, no cases (i.e. women who develop pre-eclampsia before 34 weeks of 

gestation) would have been missed, while 98 of the 407 women would have been regarded 

as very low risk and might be referred back to usual antenatal care. When a risk threshold 

of 5.2% would be used, 144 of the 407 women would have been regarded as low risk, in 

which 3 cases of recurrent pre-eclampsia would have occurred. As exemplified in table 3, 

choosing a higher threshold leads to a higher specificity (less false positives), but at the cost 

of missing more women who will develop pre-eclampsia.
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Table 2. Prediction model for the recurrence of early-onset pre-eclampsia

Variable
Regression 
Coefficient*

Odds ratio
95% CI

Intercept 0.29 - -
Circulating level of glucose (mmol/L) -0.42 0.66 (0.41 – 1.04)
Hypertension (yes)  0.59 1.80 (0.81 – 4.02)
Gestational age at delivery (index pregnancy, weeks) -0.01 0.99 (0.97 – 1.02)
Prior small-for-gestational-age newborn (yes) -0.41 0.66 (0.27 – 1.65)
Maternal BMI (kg/m2) 0.01 1.01 (0.93 – 1.10)
To calculate the absolute risk of recurrence of early-onset pre-eclampsia:
1 / (1+exp-(0.29 – 0.42 * circulating level of glucose + 0.59 * hypertension – 0.01 * gestational age at delivery – 0.41 * SGA + 0.01 * BMI))

* After adjustment for overfitting by shrinkage (shrinkage factor = 0.74)
**Adjusted for optimism using bootstrapping techniques (optimism = 0.05)

Table 3. Different thresholds of the predicted risk and the corresponding sensitivities and 

specificities and predictive values
Risk threshold* Sensitivity (%)** Specificity (%)** PPV (%)** NPV (%)**

4.6 100
(28/28)

26
(98/379)

9
(28/309)

100
(98/98)

5.2 89
(25/28)

37
(141/379)

10
(25/263)

98
(141/144)

5.4 82
(23/28)

41
(157/379)

9
(23/245)

97
(157/162)

6.2 75
(21/28)

54
(206/379)

11
(21/194)

97
(206/213)

*Women were considered to have screened positive if the predicted risk (expressed as percentage) was 
at or above this level.
**Data in parentheses represent proportions.

Since both the positive and negative predictive values are dependent on the incidence in the 

population the prediction model is applied to, we performed a sensitivity analysis to assess 

the change in predictive values using the lower and the upper bound of the 95% confidence 

interval of the incidence of overall recurrence. Table 4 shows that, for a risk cut-off value 

of 5.2% and an incidence of recurrent pre-eclampsia of 9.3%, the negative predictive value 

still remains very high (97.0%), indicating that of 100 patients with a negative test result, on 

average only 3 patients will develop a recurrence. 
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Table 4. The effect of pre-eclampsia recurrence on the estimates of predictive values, for a 

risk threshold of 5.2%.
Incidence Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Sample (6.9%) 82 41 10.0 98.0
LB** (4.4%) 82 41 6.1 98.7
UB** (9.3%) 82 41 12.7 97.0

*Women were considered to have screened positive if the predicted risk (expressed as percentage) was 
at or above this level.
**LB and UB denote the lower bound and upper bound of the 95% confidence interval of the estimate 
of overall recurrence, respectively.

discussion

Although the risk of recurrence is generally low, women with a history of early-onset 

pre-eclampsia often undergo intensified surveillance in a next pregnancy, including far 

more than the usual antenatal visits and additional testing, like uterine artery Doppler 

studies and serial fetal ultrasound biometry and Doppler studies, and repeated biochemical 

testing. The prediction model presented in this report enables the identification of women 

who are at such a low risk of recurrent pre-eclampsia, that they do not need such intensified 

surveillance and can be reassured and safely offered routine antenatal care. This would 

not only decrease the burden of intensified surveillance for the women, but also for the 

antenatal care facilities and resources.

Our prediction model included predictors based on the literature as known factors related 

to increased risk and that can be obtained routinely during postpartum counseling. 

However, in our data we found inverse associations of fasting blood glucose level and 

prior SGA newborn with risk of recurrent disease. Also, the association between maternal 

BMI and the risk of recurrent pre-eclampsia was much weaker than reported for first 

occurrences of pre-eclampsia. These unexpected associations might be the effect of our 

study’s confinement to women with previous pre-eclampsia, resulting in a phenomenon 

described earlier as collider bias.35;36

We developed the prediction model according to the latest methodological guidelines, 

which do not prescribe that predictors included in the model should show a statistical 

significant relation with the outcome.34;37 Actually, when only significant parameters are 

used, models become overfitted and usually perform poorly in other cohorts.37
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Some drawbacks of this study also merit discussion. First, despite the combination of 

datasets, the study population and, more in particular, the number of early-onset pre-

eclamptic events in the subsequent pregnancy were limited, thereby restricting the number 

of predictors that could be validly included in the model. Second, a potential drawback of 

combining datasets is that we could only include predictors that were measured in all five 

hospitals. Some known risk factors for the recurrence of pre-eclampsia which may have 

added predictive value could not be evaluated because they were not measured. They might 

have increased the discriminative ability of the model. Examples of these not universally 

measured but potential risk factors are maternal thrombophilia38, HDL-cholesterol14, 

plasma volume39, and homeostasis model assessment of insulin resistance (HOMA-

IR). However, the individual contribution of these factors in risk prediction needs to be 

evaluated further. 

The model was validated internally. Yet, we highly encourage colleague researchers to 

validate the model and its thresholds for discriminating between very low- and high-risk 

women using their own data (external validation). Indeed, before widespread application, 

our model should be validated in other populations. We have recently started a validation 

study among patients of six university hospitals and seven large non-university tertiary 

referral hospitals in the Netherlands.40 A next step would be to evaluate the effects of 

applying the prediction model on maternal and neonatal outcome, patient satisfaction, 

and health care expenses.

In summary, we developed and internally validated a prediction model for pre-pregnancy 

identification of women who are at very low risk for a recurrence of early onset pre-

eclampsia in a subsequent pregnancy. 
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abstract 

Background

Previous studies have raised considerable concern about long-term morbidity and mortality 

of cardiovascular disease (CVD) in women with a history of early-onset pre-eclampsia. Yet, 

knowledge on underlying CVD risk factors in these women is lacking and no information 

is available on the estimation of absolute CVD risk as a main driver for initiating risk factor 

management. 

Methods and Results

We assessed major CVD risk factors and estimated absolute CVD disease risk in 243 

primiparous healthy women with a history of early-onset pre-eclampsia (delivery <34 

weeks gestation) at least three months after delivery. A population-based group of 374 

healthy non-pregnant women of similar age served as a reference group. Women with 

chronic hypertension were excluded. After adjustment for age, we observed significantly 

higher means for weight, body-mass index, systolic and diastolic blood pressure, total and 

LDL-cholesterol, total cholesterol to HDL-cholesterol ratio, triglycerides, fasting glucose, 

and lower mean HDL-cholesterol (all P<.01) in women with previous early-onset pre-

eclampsia as compared to the reference group. The prevalence of the metabolic syndrome 

was 15.2% versus 4.3% (P<.001); the prevalence of ≥2 major CVD risk factors was 51.0% 

versus 26.4%; and the prevalence of ≥3 risk factors was 18.9% versus 6.4%, respectively. 

Mean estimated 10-year CVD risk by the Framingham Risk Score (FRS) were 1.08% (95% 

confidence interval [CI] 1.04 to 1.12] and 1.01% (95% CI 1.00 to 1.01); P<.001 for the 

difference. When extrapolated to the age of 60 years, high risk (>10%) was present in 38.7% 

of women with previous early-onset pre-eclampsia, compared to 11.9% in the reference 

group. 

Conclusion

Women with a history of early-onset pre-eclampsia have a high prevalence of all major 

CVD risk factors. Although the estimated absolute 10-year CVD risk is low at the age of 30 

years, a considerable proportion of these women are expected to develop a high CVD risk 

with increasing age, for which risk factor management is indicated. 
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introduction 

Cardiovascular diseases (CVD) are the number one cause of death in women, exceeding 

mortality rates in men.1 Evidence continues to grow that most CVD are preventable and 

largely depend on modifiable risk factors.2;3 In addition, long-term prospective studies 

consistently show that women with low levels of risk factors have a life long protection 

against cardiovascular events.4 Since a considerable proportion of women who suffer from 

their first cardiac event either dies or becomes severely impaired, there is a strong imperative 

to prevent the first episode of coronary heart disease or stroke by early identification of 

women at high risk.3 Importantly, optimal benefit of primary prevention may be gained 

from matching the intensity of interventions to the hazard for cardiovascular events.5 To 

achieve this goal, screening and intervention programs should first aim at further stratifying 

apparently healthy women into subgroups with known higher risks of cardiovascular 

mortality.3;5 

Hypertensive disorders of pregnancy affect over 4.2 million women worldwide and 

cause 65,000 maternal deaths each year.6 Early-onset pre-eclampsia is its most serious 

presentation, defined by de novo hypertension and proteinuria in the second half of 

pregnancy, that requires delivery before 34 weeks gestational age.7 Although of unknown 

origin, the clinical syndrome of pre-eclampsia is characterized by widespread endothelial 

damage with marked vascular compromise and metabolic changes, which are potentially 

lethal to both mother and baby.8;9 Many features of pre-eclampsia resemble changes closely 

related to atherosclerosis, including dyslipidemia, insulin resistance,10 hypercoagulability 

and inflammation.11 Although major clinical signs usually cease within days after delivery, 

mothers with previous pre-eclampsia are at an increased risk of atherosclerosis,12 coronary 

heart disease13 and stroke later in life.14 Long-term maternal prognosis is especially poor for 

women who experienced early-onset disease (<34 weeks gestational age), in whom long-

term follow-up studies revealed a 7- to 8-fold increased cardiovascular mortality, compared 

to a 2-fold increase in women with a history of late-onset pre-eclampsia.13;14 This has led 

to some controversy about subclassification of pre-eclampsia with early onset, which some 

regard as a separate condition from pre-eclampsia occurring at term.15 

At present, there is limited knowledge on the underlying link between adverse pregnancy 

outcome and future cardiovascular risk. In addition, although history of early-onset 

pre-eclampsia exerts a major risk for future cardiovascular events, structured risk factor 
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assessment programs after delivery are not routinely advocated. Apart from women with 

known chronic hypertension, women with previous pre-eclampsia are generally lost to 

follow-up after delivery and comprehensive data on components of cardiovascular risk are 

limited. Few prospective studies have measured risk factors predictive of CVD after pre-

eclampsia, and these studies have been limited to small numbers of women with mostly 

late-onset disease, and lack power for an integrated approach to estimate global CVD 

risk.16-21 The latter is important since the estimate for absolute CVD risk is recommended 

in current prevention guidelines as the main driver for the initiation of cardiovascular risk 

factor management.3, 5 

To provide more information, we assessed major CVD risk factors (age, systolic and 

diastolic blood pressure, body-mass index, lipid levels, markers of glucose intolerance, 

smoking and diabetes) and measured levels of traditional cardiovascular biomarkers 

that have independent associations with future cardiovascular events22 (total cholesterol, 

high- and low-density lipoprotein [HDL and LDL], fasting glucose and triglycerides) in 

a single-center tertiary referral cohort of non-pregnant primiparous women with early-

onset pre-eclampsia, included at least three months after delivery, and compared data to an 

unselected population-based reference group of healthy women of similar age. 

The aim of this study was to assess major risk factors known to be predictive of a first 

cardiovascular event in women with a history of early-onset pre-eclampsia. We sought to 

identify women at high risk of developing CVD and to specify risk markers which may be 

used for primary prevention programs. 

Methods 

Study Population 

Between November 1994 and January 2007, all women with a first pregnancy complicated 

by early-onset pre-eclampsia referred for tertiary care to the University Medical Center 

Utrecht, in Utrecht, The Netherlands, were eligible to participate in the follow-up study, 

with a first visit planned at least three months after delivery. Pre-eclampsia was defined as 

the presence of gestational hypertension and concomitant proteinuria in the second half 

of pregnancy, based the criteria of the International Society for the Study of Hypertension 

in Pregnancy (ISSHP).23 According to ISSHP criteria, gestational hypertension is defined 
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as diastolic blood pressure above 90 mm Hg and/or systolic blood pressure above 140 

mm Hg, measured on two or more separate occasions at least 4 hours apart; proteinuria is 

diagnosed when above 300 mg per 24 hour or above 2+ at dipstick urinalysis. Early-onset 

pre-eclampsia was defined as pre-eclampsia, that required delivery before 34 completed 

weeks of gestational age. Coexistent hemolysis, elevated liver enzymes and low platelets 

(HELLP) syndrome was defined according to previously described criteria,24 as hemolysis 

(defined as serum lactate dehydrogenase (LDH) >600 U/L and/or haptoglobin ≤0.3 g/L), 

elevated liver enzymes (serum aspartate aminotransferase (AST) >70 U/L and/or serum 

alanine aminotransferase (ALT) >70 U/L), and a low platelet count (<100 x 109/L). Infants 

were considered small-for-gestational age (SGA), if birth weight was below the 5th centile, 

based on standardized Dutch population charts.25 For the purpose of this study, we excluded 

women with preexistent chronic hypertension as defined by hypertension that required the 

use of antihypertensive medication before pregnancy. 

The population-based reference group consisted of healthy women recruited for the 

Atherosclerosis Risk in Young Adults (ARYA) study, a study that comprises an unselected 

population-based cohort of similar age, demographic and geographical background.26 In 

contrast to most previous studies in which data of women with adverse pregnancy outcomes 

are compared to a control group of women with only uneventful pregnancies, for this study 

we chose to use an unselected population-based reference group, because normotensive 

pregnancy itself predicts a high probability of being free from long-term hypertensive and 

cardiovascular sequelae.27 Details of inclusion criteria, recruitment procedures, data and 

sample handling were previously described elsewhere.26 

At enrollment, demographic, general medical and obstetric data were recorded, and fasting 

blood samples were obtained for detection of metabolic, inflammatory and lipid risk 

factors. Risk factor assessment was performed at least three months after delivery and at 

least six weeks after discontinuation of breast feeding, and women were required to adhere 

to a minimum of six weeks without taking any vitamin or folic acid supplements. The study 

was approved by the institutional review board of the University Medical Center Utrecht 

and participants provided written informed consent. 

Assessment of Cardiovascular Risk Factors 

The presence of diabetes and chronic hypertension was recorded, height and weight 

were obtained and and body-mass index was calculated at inclusion. Blood pressure was 
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measured by the auscultatory method with a validated sphygmomanometer by a trained 

research nurse, as the mean value of two separate measurements. Fasting blood samples 

were collected, immediately centrifuged and directly analysed for lipid markers, glucose 

and triglyceride levels by standard procedures at the routine Clinical Chemistry Laboratory 

of our hospital. A detailed description of measurements and laboratory procedures was 

previously published elsewhere.26;28;29 Briefly, fasting total cholesterol, HDL-cholesterol, 

triglycerides and glucose were determined using a Vitros950 dry-chemistry analyzer 

(Johnson & Johnson, Rochester, NY). LDL cholesterol was calculated using the Friedewald 

formula. Within-run variation coefficients were 1.7% for total cholesterol, 2.3% for 

HDL-cholesterol, 1.9% for triglycerides and 4.3% for fasting glucose levels. All analyses 

were performed by technicians blinded for study group and unaware of the underlying 

hypothesis. 

Statistical Methods 

Baseline variables were expressed as means and standard deviation (SD), or number and 

percentage where appropriate, and comparisons were made between women with a history 

of early-onset pre-eclampsia (cases) and population-based controls by the independent 

samples T-test and chi-squared test, respectively. To account for missing data (<5% for 

all variables), a common and single imputation method was used.30 The relation between 

body-mass index (BMI), lipid levels and early-onset pre-eclampsia was analysed by 

increasing quintiles, with cut-off points based on the distribution of values within the 

control population; odds ratios and corresponding 95 percent confidence intervals (CIs) 

were calculated for each quintile compared to the lowest quintile as a set reference group. 

Further data analysis included comparisons of multiple risk factors and estimation of 10-

year absolute cardiovascular risk by a validated global risk factor algorithm based on the 

Framingham Heart Study,22 that includes weighted risk scores for age, smoking status, 

systolic and diastolic blood pressure, diabetes, total cholesterol and HDL-cholesterol. Next, 

we estimated the global risk score by modeling the 10-year risk extrapolated to the age of 60 

years, as was recommended in the European guidelines (Third Joint Task Force of European 

and other Societies on CVD Prevention in Practice).31 When appropriate, relations under 

study were adjusted for age, and further adjusted for other potential confounders. Statistical 

analyses were performed using SPSS version 12.0.1 (SPSS Inc.).
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results 

Baseline Characteristics, First Pregnancy Outcome and Determinants of Cardiovascular 

Risk

Baseline clinical and outcome characteristics of the study group and the population-based 

controls are summarized in Table 1. Compared to women with previous early-onset pre-

eclampsia, the reference group had a small but significant difference in mean (SD) age 

at inclusion of 26.4 (2.8) months, that only marginally affected all of the other baseline 

variables and for which was adjusted in the subsequent logistic regression models. In 

our tertiary referral cohort, first pregnancies with early-onset pre-eclampsia had a mean 

gestational age at delivery of less than 30 completed weeks, and were characterized by high 

rates of concurrent maternal and fetal complications that included 62% of women who met 

the criteria for HELLP syndrome, 11% placental abruptions and more than half of infants 

born small-for-gestational (birth weight <5th centile). At a mean (SD) interval of 9.4 

(11.4) months after delivery, primiparous women with previous early-onset pre-eclampsia 

had higher systolic and diastolic blood pressure, weight, and BMI. In comparison to the 

reference group, concentrations of total cholesterol, LDL cholesterol, total cholesterol to 

HDL-cholesterol ratio, triglycerides and glucose were also higher after early-onset pre-

eclampsia. No significant differences were observed in height, ethnicity, diabetes and 

current smoking rates. 
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Table 1. Baseline Characteristics, First Pregnancy Outcome and Determinants of 

Cardiovascular Risk 

Early-Onset 
Pre-eclampsia 

(N=243)

ARYA 
Reference 
Population

(N=374) P Value
Age, mean (SD), y 30.5 (4.5) 28.3 (0.9) <.001
Height, mean (SD), cm 170 (6.6) 170 (6.4) .302
Weight, mean (SD), kg 75 (16) 70 (14) <.001
Body-mass index, mean (SD), kg/m2 26.1 (5.5) 24.3 (4.6) <.001
Caucasian race, no. (%) 242 (99.6) 370 (98.9) .373
Gravidity, mean (SD) 1 (1) 1 (1) NA
Parity, mean (SD) 1 (0) 0 (1) NA
Pregnancy outcome (cases only) †

Gestational age at delivery, mean (SD), wk 29.8 (2.4) NA NA
Infant’s birth weight, mean (SD), g 1083 (452) NA NA
HELLP-syndrome, no. (%) 150 (62) NA NA
Placental abruption, no. (%) 27 (11) NA NA
Small-for-gestational-age infant (<5th centile), no. (%) 148 (61) NA NA

Blood pressure, mean (SD), mm Hg
Systolic 126 (13) 120 (12) <.001
Diastolic 79 (10) 70 (8) <.001

Plasma lipids, mg/dL
Total cholesterol, mean (SD) 198 (41) 186 (32) <.001
HDL-cholesterol, mean (SD) 55 (14) 61 (14) <.001
LDL-cholesterol, mean (SD) 119 (36) 104 (31) <.001
Triglycerides, mean (SD) 121 (76) 108 (49)  .009
Total cholesterol to HDL-cholesterol ratio, mean (SD) 3.81 (1.22) 3.21 (0.96) <.001

Fasting blood glucose, mean (SD), mmol/L 5.1 (0.6) 4.8 (0.4) <.001
Diabetes, no. (%) 3 (1.2) 2 (0.5)  .085
Current smoker, no. (%) 61 (25.1) 102 (27.2)  .774

Data are expressed as means ± SD, or as number (%) and compared by the age-adjusted logistic 
regression analysis. 
Abbreviations: ARYA, Atheroscelerosis Risk in Young Adults; HELLP, hemolysis elevated liver 
enzymes low platelets; HDL, high density lipoprotein; LDL, low density lipoprotein; NA, not available. 
† Data represent outcomes of first pregnancy. 
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Prevalence of Major Independent Cardiovascular Risk Factors

We observed the presence of at least 1 major independent CVD risk factor, according to the 

ACC/AHA Joint Guidelines criteria (Table 2),32 i.e. current smoking, high blood pressure (≥ 

140/90 mm Hg), high total cholesterol (≥ 200 mg/dL), low HDL-cholesterol (< 40 mg/dL) 

and/or diabetes, in 88.9% of women with a history of early-onset pre-eclampsia, compared 

to 65.8% in the reference group (P<.001). Furthermore, the presence of ≥2 CVD risk factors 

was observed in 51.0% of women with previous early-onset pre-eclampsia, compared to 

26.5% of controls (P<.001), including 18.9% of formerly pre-eclamptic women with ≥ 

3 CVD risk factors, compared to 6.4% of the reference population (P<.001). Of women 

with previous early-onset pre-eclampsia 15.2% met the criteria for metabolic syndrome 

(Table 2), compared to 4.3% of the reference group (age-adjusted odds ratio 3.62 [95% 

CI 1.86 – 7.03]). Further risk factor stratification showed strong linear associations with 

previous early-onset pre-eclampsia for quintiles of body-mass index, HDL-cholesterol, and 

total cholesterol/HDL-cholesterol ratio, that were virtually unchanged after multivariate 

adjustment for potential confounding by other CVD risk factors (Table 3). 

Estimated 10-year Cardiovascular Disease Risk 

Results of global CVD risk assessment, using the five independent risk factors predictive of 

a first cardiovascular event (age, diabetes, smoking, systolic and diastolic blood pressure, 

total cholesterol and HDL-cholesterol) included in the Framingham Risk Score (FRS) 

algorithm,22 are shown in Figure 1. Mean estimated 10-year CVD risk by the Framingham 

Risk Score (FRS) was 1.08 % (95% confidence interval [CI] 1.04 to 1.12] in women with 

previous early-onset pre-eclampsia compared to 1.01% in the reference population (95% CI 

1.00 to 1.01); P<.001. After extrapolation to the age of 60 years, mean estimated CVD risk 

increased to 8.47% (95% CI 7.92 to 9.03) and to 5.69% (95% CI 5.36 to 6.01), respectively; 

P<.001 for the difference. In comparison with controls, the distribution of FRS values in 

women with previous early-onset pre-eclampsia showed a shift towards higher estimated 

global risk (Figure 1). Based on the observed risk factor profile, estimated projected long-

term CVD risk is expected to be high for the majority of women with previous early-

onset pre-eclampsia (Figure 1). If extrapolated to the age of 60 years, low-risk (< 5%) 

was present in 17.3% of women with previous pre-eclampsia, compared to 46.8% in the 

reference population; intermediate risk (> 5% and ≤ 10%) was present in 44.0% and 41.2%, 

respectively; and high risk (> 10%) was present in 38.7% of the early-onset pre-eclampsia 

group, compared to 11.9% of the reference population. 
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Figure 1. Distribution of Women with Previous Early-Onset Pre-eclampsia and Controls According 
to the Framingham Risk Scores for the First 10 Years (Top) and Extrapolated to the Age of 60 Years 
(Bottom) 
Distribution of values for estimated global CVD risk score by the Framingham algorithm,22 based on 
major independent cardiovascular risk factors, i.e. age, diabetes, smoking, systolic and diastolic blood 
pressure, total cholesterol and HDL-cholesterol levels, for women with a history of early-onset pre-
eclampsia (dashed bars) and population-based reference group (closed bars). 
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coMMent 

In this comprehensive study of apparently healthy primiparous women with a history 

of early-onset pre-eclampsia, we found high rates of major independent risk factors for 

CVD already present within the first years after delivery, when compared to a population 

based same-age reference group. Women with previous early-onset pre-eclampsia more 

often showed marked dyslipidemia, high blood pressure, high body-mass index, and other 

components of the metabolic syndrome, including higher fasting glucose and triglyceride 

levels. Our results demonstrate that more than half of the women with previous early-onset 

pre-eclampsia exhibit two or more major modifiable risk factors for future CVD. Based 

on our data, global risk estimation with the Framingham Risk Score at a mean age of 30.5 

years showed a significantly higher overall predicted 10-year risk of a cardiovascular event 

in women with a history of early-onset pre-eclampsia, than in population-based reference 

population. 

Large-scale cohort studies have consistently shown a link between pre-eclampsia and 

future CVD. After pre-eclampsia, women have an increased risk of fatal and non-fatal 

coronary heart disease, stroke, hypertension and venous thromboembolism in later life.14 

Early-onset pre-eclampsia (< 34 weeks of gestation) is associated with an even greater 

relative risk of ischemic heart disease, which was estimated at 7.7, 95 percent confidence 

interval 4.4 to 13.5, in a recent meta-analysis.13, 14 The underlying link between early-onset 

pre-eclampsia and long-term CVD is unclear. Findings from our study strongly support 

the involvement of traditional CVD risk factors, that include pro-atherogenic lipid profile, 

high blood pressure and markers of insulin resistance. Indeed, of mothers with previous 

first pregnancy early-onset pre-eclampsia, 1 out of 7 women met the criteria for metabolic 

syndrome, that is generally considered to be a precursor of type 2 diabetes mellitus and 

enhances atherosclerosis progression.33 

Although pre-eclampsia is widely believed to be a state of generalized maternal endothelial 

activation in response to abnormal placental development,8; 9 it is likely that early-onset 

pre-eclampsia and CVD share common pathophysiological pathways initiated by similar 

risk factors. Thus, early-onset pre-eclampsia may be considered as an early cardiovascular 

risk marker. Indeed, our findings match those from previous studies of women with a 

history of late-onset pre-eclampsia (> 34 weeks gestational age), that also report signs of 

dyslipidemia, insulin resistance and high blood pressure remote from delivery.16-21 Although 
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some controversy exists,15 our study supports the notion that women who develop early-

onset pre-eclampsia in pregnancy exhibit a constitutional risk profile after delivery, that 

matches women with previous late-onset disease, albeit more pronounced. Early- and late-

onset pre-eclampsia are therefore likely to represent a spectrum of the same disease entity, 

the onset of which is strongly facilitated by the presence of maternal constitutional factors, 

also common to CVD in later life.9,;15 

Our findings are consistent with previous studies that demonstrated an association 

between higher body-mass index and a history of pre-eclampsia.17;18;34 However, the 

observed associations between previous pre-eclampsia and markers of cardiovascular 

risk cannot be entirely explained by differences in maternal weight and body-mass index. 

Although we found a linear association with body-mass index and a history of early-onset 

pre-eclampsia, this only moderately affected fasting levels of HDL-cholesterol and total 

cholesterol to HDL-cholesterol ratio relations. In addition, mean systolic and diastolic 

blood pressure were higher in women with previous early-onset pre-eclampsia and mild 

hypertension (i.e. systolic blood pressure > 130 mm Hg, and/or diastolic blood pressure 

> 85 mm Hg), was present in 1 out of 2 women, compared to 1 out of 5 age-matched 

population-based controls. Mild blood pressure elevation may precede the onset of chronic 

hypertension and is a likely contributor to overall cardiovascular risk in these women.35 

However, similar to body-mass index, clustering of multiple risk factors was not exclusive 

to hypertensive women. 

In our opinion, these data have some important implications for current clinical practice. 

Current practice does not include systematic assessment of CVD risk factors within the first 

years after delivery in women with previous early-onset pre-eclampsia. Thus, an important 

opportunity for primary prevention of cardiovascular events is missed. Women with 

previous early-onset pre-eclampsia will probably benefit most from lifestyle-intervention 

strategies, that include regular exercise, consuming a healthy diet, maintaining a desirable 

body weight and discontinuing smoking.1 However, adherence to and effectiveness of risk 

factor reduction programs in women with previous early-onset pre-eclampsia are presently 

unknown and await evaluation of appropriately designed intervention studies.36 

There are some limitations to this study. First, our study was cross-sectional in design 

and women were included several months to years after delivery. It is not known whether 

maternal adaptation to pregnancy itself leads to temporary metabolic, cardiovascular and 

inflammatory changes in the post partum period, that may attenuate over time.37 In an 
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attempt to exclude any temporary effects, we enrolled women at least three months after 

delivery. Also, levels of CVD risk factors were not influenced by the interval between 

delivery and assessment (data not shown), suggesting that biomarker levels have returned 

to baseline at the time of inclusion to allow for optimal timing of global CVD risk 

assessment. Second, we examined only data on traditional major risk factors for CVD, 

based on their independent contribution to global CVD risk.22 Recent studies, however, 

have demonstrated that for women up to 20% of coronary events occur in the absence of 

these major risk factors.38 It is therefore likely that additional non-traditional risk factors, 

such as C-reactive protein,39, 40, interleukin-6,28;41 fibrinogen,28;41 family history of premature 

CVD,40;42 dietary patterns and physical activity2; 43, may also contribute to the link between 

early-onset pre-eclampsia and future CVD. Third, our study was designed to include only 

primiparous women with previous early-onset pre-eclampsia, who delivered before 34 

weeks of gestation. Therefore, our data may not be extrapolated to multiparae and women 

with a history of late-onset or near term pre-eclampsia.15 

In summary, we found evidence that first pregnancy early-onset pre-eclampsia is associated 

with high rates of multiple modifiable major risk factors predictive of CVD at a young 

age. The results of our study have implications for follow-up and counseling women after 

early-onset pre-eclampsia. We propose that all women with a history of early-onset pre-

eclampsia are eligible for routine assessment of cardiovascular risk factor profile, i.e. blood 

pressure, glucose intolerance, weight, smoking and lipid profile from within the first years 

after delivery, aimed at identification of those whose risk of CVD increases rapidly.  
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abstract

Background

Pre-eclampsia is associated with an increased risk of development of cardiovascular disease 

later in life. It is not known how general practitioners in the Netherlands care for these 

women after delivery with respect to cardiovascular risk factor management.

Methods

Review of medical records of 1196 women in four primary health care centres, who 

were registered from January 2000 until July 2007 with an International Classification of 

Primary Care (ICPC) code indicating pregnancy. Records were searched for indicators of 

pre-eclampsia. Of those who experienced pre-eclampsia and of a random sample of 150 

women who did not, the following information on cardiovascular risk factor management 

after pregnancy was extracted from the records: frequency and timing of blood pressure, 

cholesterol and glucose measurements - and vascular diagnoses. Additionally the sensitivity 

and specificity of ICPC coding for pre-eclampsia were determined.

Results 

35 women experienced pre-eclampsia. Blood pressure was more often checked after 

pregnancy in these women than in controls (57.1% vs. 12.0%, p < 0.001). In 50% of the 

cases blood pressure was measured within 3 months after delivery with no further follow-

up visit. A check for glucose and cholesterol levels was rare, and equally frequent in PE 

and control women. 20% of the previously normotensive women in the PE group had 

hypertension at one or more occasions after three months post partum versus none in 

the control group. The ICPC coding for pre-eclampsia showed a sensitivity of 51.4% and a 

specificity of 100.0%.

Conclusion

Despite the evidence of increased risk of future cardiovascular disease in women with a 

history of pre-eclampsia, follow-up of these women is insufficient and undeveloped in 

primary care in the Netherlands.
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backGround

Women with a history of pre-eclampsia (PE) during pregnancy have an increased risk of 

chronic hypertension later in life as compared to nulliparous women and women with an 

uncomplicated pregnancy. In addition, a number of large cohort studies have indicated an 

increased risk of several other cardiovascular conditions such as overweight and diabetes in 

later years among women who experienced PE or eclampsia during their pregnancy.1-5 We 

recently showed that women with a high blood pressure in pregnancy had a 57% increased 

risk of developing coronary calcifications later in life.6 Furthermore, in a recent meta-

analysis it was shown that a history of PE increases the risk of future ischemic heart disease, 

stroke and other vascular diseases.7 The primary care physician may play an important role 

in the follow-up of these women after pregnancy, in terms of early identification of high risk 

subjects and early initiation of treatment of hypertension and other risk factors for CVD. 

As yet, specific guidelines or protocols for general practitioners (GPs) on cardiovascular 

risk factor management of women with a pregnancy complicated by PE do not exist. In 

fact, in the Netherlands routine blood pressure measurements are made, and only when 

the GP considers a patient at high risk of having elevated blood pressure. Previous pre-

eclampsia is generally not considered as identifier of such a high risk group. In addition, it 

is not known how GPs in the Netherlands care for women who experienced a hypertensive 

disorder during their pregnancy after the child is born.

We set out to investigate the extent of cardiovascular risk factor management in general 

practice in women with a history of PE. Additionally we compared the International 

Classification of Primary Care (ICPC) coding for these disorders in the GPs registries with 

clinical information from medical records to determine the usefulness of ICPC codes in 

research.

Methods

Study population

The study population comprised all inhabitants of Leidsche Rijn, a geographically well 

defined new suburb near Utrecht, The Netherlands. Studies with routine healthcare data 

from this population are carried out in the “Utrecht Health Project” which is a research 
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infrastructure closely linked to primary health care in Leidsche Rijn.8 The primary health 

care is delivered by 4 general practices, comprising approximately 18 GPs. The GPs use 

electronic medical dossiers (EMD) and as part of their usual practice all conditions of the 

patients are classified according to the International Classification of Primary Care. The 

GPs and assistants are trained and supported in computerized recording and coding.9 The 

study has been approved by the Medical Ethics Committee of the University Medical Centre 

Utrecht. All participants gave written informed consent. The electronic medical dossiers 

over the period January 1 2000 - July 12 2007 were used to define our study population.

We identified ICPC codes potentially dealing with pregnancy (Appendix 1). The 

corresponding medical charts were manually reviewed to determine the exact number of 

pregnancies and to identify potentially wrongly coded records. We confirmed the presence 

of an ongoing pregnancy when, in addition to the ICPC code, information was available 

in the records indicating pregnancy (e.g. confirmed pregnancy, positive pregnancy test 

without a recorded miscarriage or abortion within the study period, birth, intra-uterine 

death or birth of a dead child after 20 weeks of gestation, breastfeeding or mastitis in 

combination with breastfeeding, or consultations regarding episiotomy). Women with 

charts indicating a pregnancy before January 1 2000, miscarriage or abortion before 20 

weeks of gestation, recording of positive pregnancy test without the possibility of birth 

(e.g. because of restricted study time period or future pregnancy) and mastitis without 

mentioning of breastfeeding, were considered not to be pregnant.

All records identified as pregnancy were subsequently screened on history of PE. We 

considered a pregnancy as pre-eclamptic when a specified diagnosis of PE, or one of the 

more severe forms of PE, eclampsia or HELLP syndrome, were recorded in the EMD by 

the GP (or gynaecologist through correspondence with the GP). Eclampsia was defined as 

the occurrence of seizures in a pre-eclamptic patient. HELLP syndrome was defined to be 

a true case when this disorder was explicitly reported by the GP. Also women who in our 

opinion were strongly suspected to be PE cases according to the charts (e.g. by described 

combinations of hypertension and ‘substantial’ proteinuria) were selected. Of women who 

had more than one pregnancy during our follow-up observation period, we always used 

the information regarding the first pregnancy.

To compare cardiovascular risk factor management in the PE women with women whose 

pregnancy was uncomplicated, we randomly selected 150 women as control group.
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Collection of study population characteristics

Age of the women was determined at the time of delivery. Medical records were searched 

for signs of hypertension in a previous pregnancy, pre-existing vascular disease and chronic 

hypertension, because awareness of these conditions might influence cardiovascular risk 

management by the GP. Indications of hypertension already existing before pregnancy 

were the use of antihypertensive medication, multiple hypertensive blood pressure 

measurements or diagnosis recorded by the GP.

Follow-up time and the number and content of visits to the GP after pregnancy were 

determined, recording the frequency and timing of blood pressure, cholesterol and glucose 

measurements. Measurements obviously not related to the pregnancy or the pre-eclampsia, 

for example in case of fever, were excluded. Furthermore we screened on future (vascular) 

diagnoses by searching for specific ICPC codes (Appendix 2) and vascular conditions or 

risk factors reported by the GP.

Statistical analyses

Data are presented descriptively, providing number of women, mean values and standard 

deviations, or percentages. The differences between the PE cases and controls were 

investigated using t-test for continuous data, and χ2-test or Fisher exact test for categorical 

data as appropriate.

To verify the value of the ICPC coding for PE (W81, W81.1, W81.2, W81.3) we compared the 

PE codes with the information found in the records of all pregnant women. Subsequently, 

a 2 × 2 table was constructed and sensitivity, specificity, positive and negative predictive 

value were calculated. Data were analysed using SPSS for Windows (version 14.0, SPSS 

Inc., Chicago, Illinois, USA).

results

ICPC and chart findings

Our search yielded 1196 women with 2232 pregnancies. Eighteen pregnancies (in eighteen 

women) were coded as having been complicated with a PE: W81 (n = 10), W81.1 (n = 

1), W81.2 (n = 5) and W81.3 (n = 2). After examination of the charts, all patients were 

considered truly to have had pre-eclampsia. The review of the charts of the remaining 2214 
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pregnancies yielded another 17 patients diagnosed with PE, without a correct ICPC code. 

In total 35 patients experienced a PE (PE group), of which 2 developed eclampsia, and 5 

developed the HELLP syndrome.

The ICPC coding for PE (combining W81, W81.1, W81.2, and W81.3) was calculated, 

showing a sensitivity of 51.4% and a specificity of 100.0%. The positive and negative 

predictive values were 100.0% and 99.2%, respectively.

Patient characteristics

Characteristics of women with and without PE are given in Table 1.

Table 1. Characteristics of the pre-eclampsia group and controls
PE group
(n = 35)

Control group
(n = 150)

P

Nullipara (%) 75.8 58.7 0.07‡

Mean age (y) ± SD 31.9 ± 3.6 32.4 ± 3.8 0.49†

Hypertension in previous pregnancy (%) 5.7 3.3 0.62§

Chronic hypertension (%) 14.3 4.0 0.02‡

Pre-existing vascular disease (%) 0.0 0.7 1.00§

NA, not applicable
† t test for independent samples
‡ Chi-square test
§ Fisher exact test

Follow-up and risk factor management

Mean follow-up time was 2.9 years in the PE group and 2.5 years in the control group. 

Blood pressure measurements were more often registered in women with a pregnancy 

complicated with PE than in women with an uncomplicated pregnancy (57.1% vs. 12.0% 

respectively, p < 0.001) (Table 2). The timing of the blood pressure measurements in the PE 

group varied. BP measurements were only found in the first 4 weeks postpartum in 35%, 

and up to 6 months in 25% of the women followed up.

The women in the PE group with an indication of chronic hypertension (n = 5) all had blood 

pressure measurements after delivery. In four of them these measurements were found only 

within three weeks, and within two, three and four months after delivery respectively.

In only 8 out of 30 women without signs of chronic hypertension the registration of blood 

pressure measurements continued after three months. Six of these women still had one or 

more hypertensive measurements after this period.
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Table 2. Risk factor management and cardiovascular diagnoses after pregnancy.
PE Group
(n = 35)

Control Group
(n = 150)

P

Mean follow-up time (y) ± SD 2.9 (1.9) 2.5 (1.8) 0.29†

Blood pressure control 20 (57.1) 18 (12.0) <0.001§

   Frequency
           1 time 5 (25.0) 10 (55.6)
           2 times 3 (15.0) 4 (22.2)
         ≥3 times 13 (65.0) 4 (22.2)
   Indication
        PE/ partus related 14 (70.0) 2 (11.8)
        Hypertension 6 (30.0) 5 (29.4)
        Complaints of vascular disease 0 (0.0) 5 (29.4)
        Screening/ control 0 (0.0) 5 (29.4)
   Timing
           0-4 wks 7 (35.0) 3 (16.7)
         4-12 wks 4 (15.0) 0 (0.0)
       12-26 wks 5 (25.0) 0 (0.0)
       26-52 wks 0 (0.0) 0 (0.0)
           ≥52 wks 5 (25.0) 15 (83.3)
Glucose control 1 (3.0) 5 (3.3) 1.00‡

Cholesterol control 3 (9.1) 7 (4.7) 0.39‡

Cardiovascular diagnoses
    Hypertension* >3 months postpartum 6/30** (20.0) 0 (0.0) <0.001‡

    Hypercholesterolemia 0 (0.0) 1 (0.7) 1.00‡

    Gestational hypertensive disorder 2 (6.1) 1 (0.7) 0.08‡

    Cardio-/ cerebrovascular disorder 1 (3.0) 3 (2.0) 1.00‡

Data reported as n (%) unless otherwise noted.
* ≥1 measurement(s) of ≥140/90 mmHg 
**Previously non-hypertensive women
† Mann Whitney U test
§ Chi-square test
‡ Fisher exact test

Of the 18 women who were coded by the GP as having had pre-eclampsia (W81, W81.1, 

W81.2, or W81.3), 61.1% had blood pressure measurements after delivery. In 54.5% of 

these women measurements took place within 3 months after delivery. For the women 

without the correct ICPC code, these numbers were 52.9% (Chi-square, p = 0.63) and 

44.4% respectively (Fisher exact, p = 1.00).

In the PE group, the reason for the measurement recorded in the medical charts by the GP 

was in most cases because of the pre-eclampsia (70%), in the other women measurements 

were performed because of non-resolving hypertension (30%). In the control group 
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various indications were recorded in the charts, including routine controls after birth, 

hypertension, complaints suspect for vascular disease such as chest pain, or screening for 

familial vascular diseases.

There were few glucose controls and cholesterol checks found in the medical records, and 

comparable between groups. Reasons for checking these risk factors recorded by the GP 

included screening for diabetes, familial high cholesterol or familiar vascular disease.

In the charts of 9 women of the PE group, one or more risk factors for vascular disease (e.g. 

obesity, diabetes, family history of cardiovascular disease and hypertension) were already 

present before the index pregnancy. After delivery, only two of these women were seen for 

these risk factors.

discussion

In this study we compared cardiovascular follow-up performed by GPs after pre-eclampsia 

and normotensive pregnancy. Fifteen out of the 35 women (42.9%) who experienced pre-

eclampsia did not have blood pressure checks after pregnancy in their medical records. 

Glucose and cholesterol check ups were rare and similar among women with and without 

a PE.

Strengths and limitations of the study

The strength of the current study lies in the fact that the data were obtained in a large 

community based cohort taken from primary practices, and in the suitability of the design 

to assess cardiovascular risk management after pre-eclampsia in routine and representative 

practice. However, the study had a small number of PE cases, which limits wide 

extrapolation of our findings due to the limited precision. Our study relied on the quality 

of the registration by the GPs. Although participating GPs were trained in working with 

electronic medical records, it might be possible that the GP did not report negative findings 

as often as positive ones, e.g. a normal blood pressure or negative family history, which 

would lead to a systematic underestimation of cardiovascular risk management by the GP. 

Some blood pressure check-ups might also not have been found in the medical records 

because they were measured by others then the GPs or by the patients themselves. In case 

of a pre-eclamptic pregnancy, women are normally invited for a blood pressure check-
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up six weeks after delivery. This check-up might be performed by the gynaecologist, the 

midwife or the GP. However, after this final control, women will not visit the gynaecologist 

nor midwife and will depend on their GP for blood pressure control.

In this study not all women with PE were coded as such by the GP. It could be hypothesized 

that GPs act differently with respect to follow-up when they explicitly code a pregnancy 

as pre-eclamptic. The number of women with blood pressure measurements after delivery 

and the timing of these measurements however, did not differ significantly between cases 

explicitly coded by the GP as PE, and cases without the correct ICPC code.

Comparison with existing literature

Only a few studies, to our knowledge, have looked into maternity care after PE. In the 

study of Samwiil and co-workers10, women with pregnancies complicated by pre-eclampsia 

were visited between six weeks and three months postpartum and were asked to recall 

if they had their blood pressure and urine tested at their six-week postnatal check. Of 

257 audit participants across 21 maternity units in the United Kingdom, 91% recalled 

having had their blood pressure taken and 15% recalled having had their urine tested in 

general practices. In this study, 11% showed signs of unresolved pre-eclampsia. Macdonald 

and co-workers11 evaluated the communication between maternity care providers and 

knowledge about the association between PE and future vascular disease via a survey. Only 

54% of the participants were familiar with the long-term risks of hypertension after pre-

eclampsia. Most care providers (83%) stated that they inform the patient’s primary care 

physician about the hypertensive disorder in pregnancy, but few either informed the GP 

of the subsequent risk of hypertension (36%), or provided recommendations for follow-up 

(41%). Only 58% of the GPs reported that they are usually informed by the maternity care 

providers about their patients who developed a hypertensive disorder, and very few (12%) 

reported being informed regularly that such women are at risk for subsequently developing 

hypertension. The authors concluded that there are weaknesses in knowledge base and 

communication amongst maternity care providers that suggest that the identification and 

follow-up of women with hypertensive disorders of pregnancy is not occurring. Lack of 

knowledge could be a possible explanation for our finding that over 40% of the women who 

experienced pre-eclampsia never had a blood pressure check-up after pregnancy and that 

no more glucose and cholesterol check ups were performed compared with women who did 

not suffer from pre-eclampsia. It is possible that this was done by gynaecologists, however 
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even if this is the case, it was not recorded in the patients medical charts. This might imply 

that GPs do not yet intensify their vascular risk policy towards women who experienced 

PE. Of note, in the Netherlands blood pressure measurements are not routinely taken when 

a woman visits her GP for other reasons.

Validation ICPC coding

While ICPC codes are often used to estimate incidence or prevalence of certain health 

conditions or to select potential study objects, we are not aware of literature describing 

the validity of pre-eclampsia-related diagnoses collected in GPs registries. Our findings 

indicate that in the Utrecht Health Project ICPC codes for PE are correctly reported by the 

GP. Thus the use of ICPC codes can be recommended for etiologic studies into determinants 

of PE using a case control design. If the intention is to determine the incidence of PE, the 

sensitivity of ICPC codes is not accurate enough (missing over 50% of the cases).

There is no specific ICPC code for gestational hypertension only. Although the risk of 

future cardiovascular disease is lower for women who experienced gestational hypertension 

compared to women who experienced pre-eclampsia, the risk is still higher than for women 

who did not develop hypertension during pregnancy at all. Furthermore, the incidence 

of gestational hypertension is much higher compared to pre-eclampsia (about 10-15%). 

Probably, part of these women actually has chronic hypertension, mistaken for gestational 

hypertension due to the physiological fall in blood pressure that occurs early in pregnancy 

and the rise to or above the prepregnancy level in the second half of pregnancy. Because 

many young women have their first blood pressure measurements during pregnancy, 

ICPC coding for gestational hypertension might form a screening opportunity for chronic 

hypertension, which is under diagnosed in the Netherlands.

Implications for future research or clinical practice

Our study showed a convincing number of patients in the PE group with probably ongoing 

or arising hypertensive disease after delivery. In at least six women hypertension existed 

longer then 3 months postpartum. In the other women follow-up did not last three months 

or blood pressure was not measured at all after pregnancy; the number of women with 

probably persistent (or chronic) hypertension is therefore likely to be higher.

Pregnancy may be considered as an important screening opportunity for cardiovascular 

and metabolic risk factors, identifying women who are at risk of cardiovascular disease 
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later in life. Women might benefit from long term follow-up in terms of earlier diagnosis, 

intervention, counselling, life style changes and risk factor modification, with the ultimate 

aim to prevent future mortality and morbidity. Trial data on this issue is however lacking. 

Although it has been shown that women with a history of PE have an increased risk of not 

only chronic hypertension, but also of other cardiovascular conditions such as overweight 

and diabetes, the value of glucose and lipid measurement for identification of high risk 

groups is still unknown in this population. Furthermore, the 2007 update of the evidence-

based guidelines for cardiovascular disease prevention in women by the American Heart 

Association states that future research should first evaluate the potential for medical 

contact during pregnancy to identify women at high risk. More research is needed on this 

aspect, and the necessity of development of screening and counselling guidelines deserves 

more attention and effort.

conclusion

In spite of the evidence of their increased risk of future cardiovascular disease, follow-up 

in women with a history of pre-eclampsia, is insufficient and undeveloped in primary care 

in the Netherlands, possibly due to a lack of knowledge and poor communication amongst 

obstetric and primary care providers.
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Appendix 1. ICPC coding for conditions related to pregnancy 
W03 Antepartum bleeding
W05 Pregnancy vomiting/nausea
W17 Post-partum bleeding
W18 Post-partum symptom/complaint other
W19 Lactation symptom/complaint
W20 Breast symptom/complaint other
W27 Fear complications of pregnancy
W28 Limited function/disability related to pregnancy
W29 Other symptoms/complaints breast/pregnancy/puerperium
W70 Puerperal infection/sepsis
W71 Infection complicating pregnancy
W72 Malignant neoplasm related to pregnancy
W73 Benign/unspec. neoplasm/pregnancy
W75 Injury complicating pregnancy
W76 Congenital anomaly mother complicate pregnancy
W77 Non obstetric factors complicating pregnancy
W78 Pregnancy
W79 Unwanted pregnancy
W81 Toxaemia of pregnancy
         W81.1 Pre-existent hypertension in pregnancy*
         W81.2 Toxaemia/ pre-eclampsia*
         W81.3 HELLP syndrome*
W84 Pregnancy high risk
W90 Uncomplicated labour/delivery livebirth
W91 Uncomplicated labour/delivery stillbirth
W92 Complicated labour/ delivery livebirth
W93 Complicated labour/delivery stillbirth
W94 Puerperal mastitis
W95 Breast disorder in pregnancy other
W96 Complications of puerperium other
W99 Disorder pregnancy/delivery other

* Subtitles are specific for The Netherlands (Dutch College of General Practitioners)

Appendix 2. ICPC codes used in additional search for vascular diagnoses and risk factors 
K74 Ischemic heart disease w. angina
K75 Acute myocardial infarction
K76 Ischemic heart disease w/o angina
K77 Heart failure
K85 Elevated blood pressure
K86 Hypertension uncomplicated
K87 Hypertension complicated
K89 Transient cerebral ischemia
K90 Stroke/cerebrovascular accident
K91 Atherosclerosis
T82 Obesity
T83 Overweight 
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an iMportant clinical health probleM

Hypertensive diseases of pregnancy remain a leading cause of severe perinatal morbidity 

and mortality worldwide. Over half a million women die each year from pregnancy related 

causes, 99% in low and middle income countries.1 Although maternal mortality is much 

lower in high-income countries, 16% of maternal deaths can be assigned to hypertensive 

disorders.2 Annually, in the Netherlands, five women die due to direct consequences of 

hypertensive disease in pregnancy.3 Especially preeclampsia is associated with adverse 

pregnancy outcomes for both mother (such as Haemolysis Elevated Liver enzymes Low 

Platelets (HELLP) syndrome, abruptio placentae, disseminated intravascular coagulation, 

cerebral hemorrhage, hepatic failure, acute renal failure, eclampsia) and baby (intrauterine 

growth restriction, prematurity, asphyxia, cerebral damage and/or death).4 However, the 

risks of gestational hypertension without proteinuria should not be underestimated; in 

15-25% of cases the disease progresses to preeclampsia5, and it has been shown that in a 

substantial number of women who suffered an eclamptic insult, proteinuria had not been 

documented.6 Hypertension without proteinuria represents an independent increased 

perinatal risk, especially when it develops remote from term, and therefore requires 

intensified antenatal surveillance, and often medical action, such as antihypertensive 

medication, hospital admission and, finally, induction of labor.4

Identification of high risk women early in pregnancy would be of great benefit to 

prevention in clinical practice and research. Timely referral to specialized care has indeed 

been a key component in reducing maternal and neonatal morbidity in Western routine 

antenatal care.7;8 Early prediction of hypertension would allow for planning appropriate 

(customized) management, such as close surveillance of those at high risk. There are 

consistent data demonstrating that intensified maternal and fetal surveillance may improve 

maternal and neonatal outcome.9 Moreover, a recent systematic review showed that low 

dose aspirin started before 16 weeks of gestation reduces the incidence of preeclampsia in 

women identified to be at moderate or high risk (10-20% risk of preeclampsia).10

On the other hand, identifying women at very low risk of hypertensive disorders enables 

to reduce the number of antenatal visits in this group. Results from at least ten randomized 

trials suggest that in healthy nullipara, reduction of the number of antenatal visits to as 

few as four to eight could be implemented without any increase in adverse maternal and 

perinatal outcomes.11 The organisation of antenatal care could be much more efficient, 
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targeting health care strategies to those women who might really benefit. Especially in the 

Netherlands this might promote better pregnancy outcomes. In our country there seems 

to be a tendency of insufficient or untimely treatment of preeclampsia, and the incidence 

of eclampsia in the Netherlands is markedly increased as compared with other Western 

European countries.3;12 The key issue however remains adequate and early identification 

of high and low risk women, offering the possibility of risk stratification in antenatal care.

prediction research in literature

Numerous studies have evaluated tests to predict hypertensive disorders, especially 

preeclampsia. In 2004, after performing a systematic review of screening tests, the World 

Health Organization concluded that there was not one clinically useful screening test to 

predict the development of preeclampsia in either low-risk or high-risk populations, and 

that further prospective, longitudinal studies were needed.13 In 2008, the authors of another 

systematic review based on aggregated data concluded that no single test, nor combinations 

of parameters had emerged with high enough sensitivity and specificity to be of clinical 

use.14 

Interest in combining several measurements into multivariable models has increased in 

recent years. This is a logical approach since gestational hypertension and preeclampsia are 

not monocausal disorders but syndromes that may develop by various different etiological 

pathways.15 Although the precise etiology of the disease in unclear, accumulating evidence 

suggests that the disease results from complex interaction between a poorly perfused 

placenta, because of defective remodelling of the uteroplacental arteries in early pregnancy, 

and a maternal response to placental derived factors that enter the circulation, which 

results in widespread vascular endothelial cell dysfunction.16-18 The maternal response 

depends not only on the action of these circulating factors, but also on the health of the 

mother, including diseases that may affect the vasculature. The role of maternal obesity 

and associated inflammation has been widely established, as well as other risk factors 

for cardiovascular diseases such as chronic hypertension, pre-existing diabetes mellitus, 

hyperlipidemia, and advanced maternal age.19 Thus, a woman’s pre-pregnancy metabolic 

and endothelial health affects her vulnerability to preeclampsia, which in turn is a clinical 

manifestation of her risk of future metabolic and cardiovascular disease later in life. Based 
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on the current knowledge of the pathophysiology, it is unlikely that prediction models 

consisting of one single factor will be effective in predicting a disorder as heterogeneous as 

preeclampsia. 

Giguere et al. reviewed the performance characteristics of 71 combinations of 

ultrasonographic and biological markers in identifying women susceptible to development 

of preeclampsia.20 Most selected studies were however performed during the second 

trimester on small-scale high-risk populations with few cases of preeclampsia. Because 

promising prophylactic interventions such as low dose aspirin for women at high risk 

should be started before 16 weeks of gestation, prediction models should be suitable 

for application in the first trimester of pregnancy. Only 6 combinations in their review 

included both biological and ultrasonographic markers measured during the first trimester. 

No given combination was assessed more than once. They concluded that at this point, 

there is a lack of powerful candidate markers. 

Promising models that use combinations of markers are still being developed. A case-

control study showed that a multivariate predictive model combining 14 discriminatory 

metabolites in early pregnancy plasma, gave an odds ratio for developing preeclampsia 

of 23, (95% 7-73) with an area under the receiver operator characteristic curve of 0.92 

in an independent case-control study.21 This model needs to be translated into absolute 

risk estimates and should also be validated in a prospective cohort of healthy nulliparous 

women to be implemented with confidence. 

It was shown recently that the inclusion of maternal characteristics such as body mass 

index, ethnicity, and previous maternal medical and obstetrical history, in prediction 

algorithms further improves predictive accuracy of combinations of biochemical and 

ultrasonographic markers.22-25 Important predictors in these particular models were 

previous history of preeclampsia, chronic hypertension and pre-existing diabetes. These 

kind of risk factors contribute markedly to the development of hypertensive disorders and 

result in the pregnancy being categorized as “high-risk” which would require secondary 

or even tertiary antenatal care. Yet, again, prediction of high risk and low risk women has 

proven to be most difficult in healthy nulliparous women. 
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are bioMarkers the answer?

Recent studies focus mainly on identifying new biomarkers to predict a high risk of 

developing preeclampsia. Among them are products of fetal and placental origin, markers 

of renal and endothelial damage, markers of oxidative stress and angiogenic factors.26 The 

authors of a recent literature review concluded that specific angiogenic, anti-angiogenic and 

proteomic markers are the most promising biomarkers of preeclampsia.27 Major problems 

in screening with these new markers however, are their relative novelty and the lack of gold 

standards to assess their concentrations.28 The decisions as to which marker to measure 

and when are complicated due to the conflicting data, which is due to the variability in 

the timing of the tests and body fluids used for the determination of biomarkers, or the 

variation in methods used to measure sonographic markers. Altogether, there is currently 

no consensus regarding marker accuracy, repeatability or incorporation into prenatal 

care.28 Further research is needed.

the work described in this thesis; clinical iMplications 
and future research

A prediction model for hypertensive disorders in pregnancy should be simple, rapid, 

inexpensive, easy to carry out early in gestation, impose minimal discomfort or risk, 

use widely available technology, be valid, reliable and reproducible.13 By lack of such 

simple, validated prediction models for preeclampsia especially usable in healthy low-risk 

nulliparous women, we developed a simple prediction model for the early identification of 

women who develop hypertension before 36 weeks’ gestation (Chapter 2.1). 

The model uses a combination of clinical variables that can easily be obtained at the 

antenatal booking visit, and its predictive accuracy has been confirmed after validation 

in an independent cohort (Chapter 2.2). It was especially developed for use in midwifery 

practices (i.e. primary care), which play a central role in antenatal care in the Netherlands; 

only women with an increased risk of abnormal pregnancy outcome or an obstetric history 

are allocated to secondary or even tertiary obstetric care. Most variables for prediction 

proposed in the literature, need to be assessed by medical practitioners. Although midwives 

can refer and implement prediction models, the interpretation of specific results including 
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Doppler ultrasonography, and complex biochemical changes remain outside the midwives 

current scope of primary care.29 Midwives in primary care are however, at the forefront of 

information collection and a thorough history and accurate assessment at the first antenatal 

visit can identify potential risk factors. It is at this visit that midwives could already classify 

healthy, initially normotensive nullipara according to their risk of developing hypertension 

before 36 weeks of gestation, by using our model. 

The current approach to prenatal care, which involves visits every four weeks until 28 

weeks of gestation, every two to three weeks from 28 to 36 weeks and then weekly until 

delivery was established 80 years ago and still followed by many countries in the world. 

The number of visits in the third trimester is high, because at this stage of pregnancy 

most complications occur. Early estimation of the risk for complications would improve 

pregnancy outcome: Instead of a series of routine visits, the antenatal care schedule could 

be adjusted to individual needs. An example of such an alternative schedule could start 

with a preconception visit in which the risk of a potentially adverse pregnancy outcome 

is estimated. Routine health promotion in the pre-pregnancy period offers the possibility 

to improve pregnancy outcomes by encouraging behavioural change, or by allowing 

early identification of risk factors. Professional guidelines emphasize the importance of 

preconceptional individual risk assessment, pre-pregnancy planning and preconceptional 

health promotion.30 In Chapter 3.1 we developed a model for the prediction of preeclampsia 

in low-risk women, which after validation could potentially be of use in a preconceptional 

care setting. Then, when pregnant, the women will enter a risk-based antenatal care 

schedule: By using a prediction model for hypertensive complications at each visit, absolute 

risk estimates can be calculated and further visits planned according to these risks. At the 

first antenatal visit at 11 to 13 weeks, most women will be classified as low-risk, and a 

small proportion of women would be selected as being at high-risk. The high-risk group 

will have close surveillance and frequent visits as in current practice. In each of these 

visits their risk will be reassessed by future validated screening tests, for example based 

on ultrasonographic and biomarkers. According to these tests, women will either remain 

high-risk or will become low-risk in which case the frequency of visits will be reduced. In 

the low-risk group the number of medical visits may be substantially lower. After booking, 

women will have their next visit planned at 20 weeks of gestation, to evaluate fetal anatomy 

and growth and reassess the risk for hypertensive disorders. Further visits, for example at 

28 and 37 weeks, will assess maternal and fetal wellbeing. The next visit could than be at 40 
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weeks and the women that are still pregnant at this time will be monitored closely following 

routine practice as it is today. 

This view is based on a recent paper by Nicolaides in which he describes a model for a 

new structure of antenatal care largely based on the 11-13 weeks’ assessment, in which 

the patient-specific risk for a wide spectrum of pregnancy complications can be defined. 

In this approach, the main emphasis of care is shifted towards the first rather than third 

trimester of pregnancy.31 It must however be noted that for such a reduced schedule to be 

fully successful, future research should not only focus on hypertensive disorders, but also 

on the development of prediction models for other adverse outcomes of pregnancy, such as 

intrauterine growth restriction, preterm birth and asphyxia. Up till now, reliable models for 

the latter two important causes of perinatal morbidity and mortality are lacking. 

Introducing a reduced antenatal care schedule, will have significant implications both for 

pregnant women and health care professionals. The consequences and potential benefits 

of such a schedule should be investigated in randomized controlled trials, also including 

cost-effectiveness aspects and client and professional satisfaction. Dowswell and colleagues 

compared the clinical outcomes of reduced visits versus standard antenatal care for low-

risk women and assessed the views of the women receiving antenatal care.32 The number of 

antenatal visits was reduced to an average of eight. Although they found no clear difference 

between the groups for adverse outcomes, women were less satisfied with the reduced visits 

schedule and perceived the gap between visits as too long. The authors suggest that it may 

be that dissatisfaction would not persist if a reduced schedule was the norm. Antenatal care 

may offer women reassurance and support. Acceptance of a reduced schedule will require 

meticulous counselling at the booking visit, including discussion of the women’s anxiety 

and expectations of antenatal care. Furthermore, reassurance, information, education and 

support can be provided by other health care professionals and even to groups of patients. 

ideal prediction Models

Ideally, a prediction model for preeclampsia, applied after preselection by midwives based 

on a simple model, would consist of combinations of maternal risk factors (eg weight or 

body mass index and blood pressure), markers of defective placentation (maternal serum 

biomarkers) and markers of abnormal vascular adaptation to pregnancy (e.g. uterine 



prediction of hypertensive diseases in preGnancy 129

artery Doppler velocimetry, angiogenic factors), reflecting the complex pathogenesis of 

the disease. To develop these prediction models, usable at several points in pregnancy for 

ongoing risk stratification, ideally data from a large cohort are used, with data collected 

at multiple visits. These cohorts, however, are scarce. Important predictors may often 

be lacking, or are only measured at one point in pregnancy. The main problem is that 

unselected study populations have to be very large. The rule that for each variable in the 

model 10 cases of preeclampsia are needed, and the fact that the incidence of preeclampsia 

in unselected populations is about 2%, imply that for a prospective study to develop a 

prediction model with 4 variables, the unselected population should consist of at least 

2000 pregnant women. To subsequently evaluate a strategy based on the prediction 

model, even much larger numbers are needed. Logistically and budgetary such studies will 

be problematic. In Chapter 3.2 we encountered this problem as we aimed to develop a 

preconception prediction model for the identification of women at low risk for recurrence 

of early-onset preeclampsia, a condition with an even lower incidence: Combining five 

cohorts of different centers in the Netherlands resulted in a study population of only 407 

women including 28 cases.

As an alternative, optimized collection of data in routine care may be used for research. 

In the Netherlands, a possible source would be the Dutch Perinatal Registry (PRN). The 

PRN contains detailed population-based information on pregnancies, deliveries and (re)

admissions occurring until 28 days after delivery, collected by caregivers. The completeness 

of the registry is 96% of all births in the Netherlands. It offers demographic, care related 

and socio-economic factors and could serve as a large database for the derivation of 

prediction models for adverse outcomes, at several points in pregnancy. Unfortunately, 

important variables, such as blood pressure measured at intake and at following antenatal 

visits, are not captured in the current registry. Therefore, data collection in this registry 

may be reconsidered, to become not only a tool for quality measurement but also a valuable 

research tool for applied clinical research.  
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introduction

Cardiovascular diseases (CVD) are the number one cause of death in women in every 

developed country and in most emerging economies.1 In the Netherlands, 30% of women 

die due to CVD.2 Given the health and economic implications of CVD, there is a strong 

imperative to control CVD risk factors by lifestyle modification and pharmacotherapy. 

Identification of high risk groups followed by appropriate non-pharmacological and 

pharmacological intervention is one of the approaches to prevent the occurrence of CVD. 

For identification of high risk individuals guidelines have been developed, for example 

the Dutch guideline.3 These 2006 guidelines indicate that all patients with a previous 

symptomatic CVD diagnosis are considered as high-risk patients. The risk of most patients 

with diabetes mellitus is also elevated. For individuals without previous CVD and diabetes 

mellitus, the ten-year absolute risk of developing fatal CVD is assessed using the information 

on age, gender, smoking, systolic blood pressure and the ratio between total cholesterol 

and HDL cholesterol (Table 1). The presence of additional risk factors, including family 

history of premature CVD, (central) obesity, and physical inactivity, may lead to a higher 

risk than suggested by the other risk factors. Based on the obtained absolute risk estimate 

intervention is initiated. Several reports have indicated that this approach in not ideal, in 

particular for young women (up to 55 years) who despite smoking, high levels of blood 

pressure and a high total cholesterol/HDL ratio hardly ever cross the risk estimate needed 

for initiation of preventive intervention. Improvement is needed. 

cardiovascular risk equivalent: diabetes and rheuMatoid 
arthritis 

In the most recent Dutch guidelines, (http://www.cbo.nl/thema/Richtlijnen/Overzicht-

richtlijnen/Cardiovasculaire-aandoening/ga naar cardiovasculaire risicomanagement 2010)

diabetes mellitus and rheumatoid arthritis are considered cardiovascular risk equivalents 

and therefore individuals with these conditions are seen as high risk individuals. 

Diabetes mellitus (DM) is a common finding in the general population with prevalence 

estimates between 5% and 10% in western societies. The evidence used to support that 

individuals free from symptomatic CVD but with DM are considered high risk comes from 

several observational studies.4-8 These studies show that the risk of cardiovascular events 
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among diabetics is similar to the risk of cardiovascular events among those who survive a 

myocardial infarction. The relative risk for cardiovascular events compared to the normal 

non-diabetic populations varies between 2 and 4. Furthermore, these studies indicate that 

the established risk factors used in the risk prediction rule are the main determinants of 

cardiovascular events in diabetics. Importantly, trials in individuals with diabetes mellitus 

have shown that lipid lowering and ACE inhibition leads to risk reduction.9

The recent Dutch guideline also depicts rheumatoid arthritis (RA) a cardiovascular risk 

equivalent. The prevalence of RA is around 4% in the general Dutch population.10 In 

subjects free from symptomatic CVD but with RA, established risk factors are the main 

determinants of the occurrence of myocardial infarction.11 Various studies have indicated 

that patients with RA have similar cardiovascular risks as those with diabetes. The reported 

relative risks of RA for cardiovascular disease are around 2.12-14 Evidence from trials among 

patients with RA suggesting that cardiovascular risk factor management reduces event 

rates is not available at present. Yet, there also does not seem to be a reason why risk factor 

management in this group of patients would not prevent future cardiovascular events. 

Table 1. Risk of fatal Cardiovascular disease (CVD) for patients without CVD and without 

diabetes mellitus

Estimate of the level of the ten-year risk (%) of death from CVD in the Netherlands for non-smoking 
and smoking women and men aged 65, 60, 55, 50 and 40 years with the aid of the SCORE risk function.
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cardiovascular risk equivalent: hypertension in 
preGnancy?

Similar to DM and RA, there is ample convincing evidence that hypertensive disorders 

during pregnancy should be regarded as a cardiovascular risk equivalent. Data from large 

cohort studies published in the last decade convincingly and consistently show that women 

who have experienced a hypertensive disorder in pregnancy are at increased risk to develop 

CVD later in life.15-19 Furthermore, two large meta-analyses found that women with a history 

of preeclampsia have approximately double the risk for cardiac, cerebrovascular, peripheral 

artery, and venous thrombo-embolic events over the 5 to 15 years after pregnancy.20;21 Early-

onset preeclampsia (< 34 weeks of gestation) is associated with an even greater relative risk 

of ischemic heart disease, which is estimated at 7- to 8-fold.15;20 These women are at risk for 

early onset CVD, with the majority of included studies demonstrating events in relatively 

young women below 56 years of age. 

The evidence base for hypertensive disorders being a cardiovascular risk equivalent is 

further supported by observations that women with a history of early preeclampsia have 

higher circulating concentrations of fasting insulin, lipid and coagulations factors post 

partum than controls matched for body mass index.22;23 In Chapter 4.1 we showed that 

women with a history of early-onset preeclampsia also have a higher prevalence of all 

major (modifiable) CVD risk factors, already present in the first year after delivery. The 

hypertensive complications of pregnancy may represent early endothelial dysfunction 

which will fully manifest in the appearance of hypertension or other risk factors for CVD 

later in life. 

The concept of hypertensive disease in pregnancy as a “stress test” for vascular health 

and complications later in life represents a unique opportunity to improve preventive 

cardiovascular health at a relatively young age in these women. As approximately 10-15% 

of all pregnancies in the Netherlands are complicated by hypertensive disorders, these 

women might be an ideal target population for a high-risk strategy. Yet importantly, despite 

the high prevalence and evidence of their increased risk of future CVD, follow-up in 

women with a history of preeclampsia, is insufficient and undeveloped in primary care in 

the Netherlands (Chapter 4.2). Specific guidelines or protocols for general practitioners on 

cardiovascular risk factor management of women with a pregnancy complicated by PE do 

not exist in our country. Trials into cardiovascular prevention among women with a history 
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of a hypertensive disorder are lacking. We plead that trial evidence is urgently needed to 

substantiate the value of a history of hypertension during pregnancy in cardiovascular risk 

factor management.

hypertensive disorders durinG preGnancy in Guidelines

Several cardiovascular risk factor management guidelines from U.S.24-26, European27, and 

U.K.28;29 recommend that people with DM should be treated as if they already have vascular 

disease. Only in the 2011 update of the ‘Effectiveness-Based Guidelines for the Prevention 

of Cardiovascular Disease in Women’ from the American Heart Association, ‘pregnancy 

complication history’ has been added to the algorithm for risk classification in women.26 

These women are now considered to be ‘at risk’, which implies that initially only lifestyle 

recommendations should be implemented, and no lipid-lowering therapy as in diabetic 

patients, when ‘high risk’ factors such as clinically established CHD or 10-year predicted 

CVD-risk ≥10% are absent. 

Perhaps we should go one step further, and use the approach taken for DM and RA described 

in the recent Dutch guidelines on cardiovascular risk management. Based on the available 

evidence, they suggest that for individuals free from symptomatic cardiovascular disease 

but with DM or RA, 15 years should be added to the chronological age. So, a woman aged 

50 but with DM and a systolic pressure of 160 mmHg and a total cholesterol / HDL ratio of 

6 does not have the estimated risk of 3% but of 14% (as she is considered not 50 but 65 years 

of age) (Table 2). As the relative risk for hypertensive disorders in pregnancy is of similar 

magnitude as that of RA and DM this approach may be justified. For an early preeclampsia 

with a 7 fold increased risk, this approach is certainly justified. 
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Table 2. 10-year risk of morbidity and mortality from CVD for patients without CVD

The risk for patients with DM or RA can be estimated by adding 15 years to the chronological age

which intervention is needed?

The risk factors for cardiovascular events seem to be similar in women with preeclampsia as 

in women with DM and RA. Therefore the risk management in women with preeclampsia 

should be similar: The new Dutch guideline recommends lifestyle modifications to all 

individuals with DM or RA. Pharmacological treatment recommendations for these 

groups are based on the estimated ten-year risk of fatal and non-fatal CVD (Table 2). Since 

the risk for patients with DM and RA is estimated by adding 15 years to the chronological 

age of the patient, DM- or RA-patients >50 years will nearly all reach the threshold of 20% 

for treatment, and thus qualify for antihypertensive therapy (when systolic blood pressure 

>140 mmHg) and/or lipid-lowering therapy (when LDL cholesterol >2.5 mmol/l).
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future research

Many women have children in their twenties or thirties. These years present an early 

opportunity to prevent future CVD. It provides an ideal setting for the health care 

professional to advise and increase surveillance, and to refer women to the appropriate 

care provider. Properly designed intervention studies should evaluate the potential for 

exposures, events, or interaction with the medical system during pregnancy, to identify 

women at risk and to determine the adherence to, and effectiveness of preventive 

interventions during these critical times. 
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Hypertensive disorders represent the most significant complication of pregnancy and affect 

about 10% of all pregnancies. They contribute greatly to maternal and perinatal morbidity 

and mortality. Especially early-onset preeclampsia can be devastating for mother and child. 

A major goal of antenatal care has been to predict and diagnose gestational hypertension 

and preeclampsia. Early referral for specialist care for those who are at risk might translate 

into improved management of these women, while the possibility to identify women at very 

low risk for developing hypertensive disease, might be of great benefit to the organisation 

and planning of antenatal care, by redirecting the burden of frequent visits for all women 

to those who may really benefit. 

Hypertensive disorders of pregnancy do not only pose the mother at risk of adverse 

pregnancy outcomes, but also imply an increased risk later in life: Over the past decades it 

has become increasingly clear that hypertension in pregnancy in general, and pre-eclampsia 

in particular, is an under-recognized risk factor for cardiovascular disease. These women, 

compared to those with normotensive pregnancies, are at higher risk for cardiovascular 

and cerebrovascular events, and demonstrate a less favourable overall CVD risk profile 

years after their affected pregnancies. The relative risk estimates however currently do not 

seem to have a direct meaning for treatment of individuals, or prevention. Structured risk 

factor assessment programs after delivery are not routinely advocated. One reason is that 

knowledge on underlying CVD risk factors in these women is still lacking, and another 

important reason is that in cardiovascular risk factor management the focus should be on 

absolute risk estimates instead of relative risks. 

This thesis deals with both aspects: Prediction (Chapters 2 and 3) and consequences later 

in life (Chapter 4) of hypertensive disorders of pregnancy.

prediction

Low-risk nullipara

As prediction has proven to be especially difficult in healthy, low-risk nullipara, there is 

a need for models that can be easily used in a midwifery-based antenatal care setting. In 

Chapter 2.1 we present a prediction model for the development of hypertension before 
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36 weeks gestation, using clinical variables obtained routinely at the antenatal booking 

visit prior to 16 weeks gestation. We studied 2334 nulliparous pregnant women recruited 

from 22 midwifery practices in Tilburg and Amsterdam. The incidence of hypertension 

before 36 weeks of gestation was 6.0%. Main predictors were systolic and diastolic blood 

pressure, and weight. The area under the receiver operating characteristic curve (AUC) 

of the model was 0.78. Using this model, among women with a very low score (19% of 

the population) the risk of hypertension was 0.5%. In those with a high score (13% of 

the population) the risk was 22.9%. In Chapter 2.2 we investigated the accuracy of our 

model in a subpopulation of the Generation R study, a recent, independent population-

based cohort. The external validity was studied in 988 healthy nulliparous women recruited 

from 7 midwifery practices in Rotterdam. The incidence of hypertension before 36 weeks 

of gestation was 5.9%. The AUC of the prediction model was 0.73 compared to 0.78 in 

the original study. Of the women with a very low score (13.4% of the population), none 

developed hypertension before 36 weeks of gestation. In those with a high score (12.8% of 

the population) the risk was 15.9%. This validation study confirms the predictive ability of 

the model, that can accurately identify women at very low and very high risk of becoming 

hypertensive before 36 weeks of gestation. Application of the prediction model may lead 

to a reduction in frequency of antenatal visits for low-risk and increased surveillance for 

high-risk women.

Early-onset pre-eclampsia

Although in the majority of women the onset of hypertensive disorders is near term, 

approximately 10% occurs preterm. Especially early-onset PE (before 34 weeks of gestation) 

is commonly associated with adverse outcomes for both mother and baby. A major difficulty 

in the development of strategies to aim at primary prevention of early-onset PE is the lack of 

accurate, validated prediction models to select patients at high risk. Chapter 3.1 describes 

the development of a prediction model for early-onset pre-eclampsia in apparently healthy 

women, based on a combination of easy to measure clinical and biochemical risk factors, 

to be used in a standard preconceptional care setting. Primiparous women with a history 

of early-onset PE (n=243) and an unselected population-based group of 299 apparently 

healthy women were included in a case-control study. Independent predictors of early-

onset PE were diastolic blood pressure, HDL-cholesterol, LDL-cholesterol and fasting blood 

glucose levels. The AUC of the model was 0.79. Using this model, 56% of the future early-
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onset PE cases could be identified, with a false-positive rate of 11%. When confirmed in 

recent cohorts, the model may facilitate prepregnancy risk stratification, enabling selection 

of high-risk women eligible for further testing and/or intensive surveillance in pregnancy. 

Although (early-onset) pre-eclampsia is mostly considered a disease of the first pregnancy, 

pregnant women with a history of pre-eclampsia are at increased risk. Furthermore, the 

course of the disease is reported to be more severe among women with recurrent pre-

eclampsia than among pre-eclamptic nulliparas. At present, there are no guidelines for the 

management of women with a history of early-onset pre-eclampsia. In clinical practice these 

women usually receive intensified surveillance, with far more than the routine antenatal 

visits, and additional testing. Yet, we have previously shown that only 25% of these women 

develop recurrent pre-eclampsia and only 5% develop recurrent early-onset pre-eclampsia. 

Therefore, most women with a history of early-onset pre-eclampsia may be monitored safely 

by routine antenatal care, rather than intensified surveillance. Identification of women 

with a very low recurrence risk, early in of even prior to the subsequent pregnancy, would 

decrease the burden of intensified surveillance for both the women and the antenatal care 

facilities and resources. In Chapter 3.2 we developed a model to identify women at very low 

risk for a recurrence of early-onset pre-eclampsia. We enrolled 407 women, recruited from 

five perinatal tertiary referral centers in The Netherlands, who had experienced early-onset 

pre-eclampsia in their first pregnancy. Early-onset disease recurred in 6.9%. Five predictors 

(gestational age at previous birth, prior small-for-gestational-age newborn, fasting blood 

glucose, body mass index and hypertension) were entered in a logistic regression model. 

The AUC of the model was 0.65. Using a predicted absolute risk threshold of 4.6% the 

sensitivity was 100%, with a specificity of 26%. In such a strategy, no women who developed 

pre-eclampsia were missed, while 98 of the 407 women would be regarded as low risk, not 

necessarily requiring intensified antenatal care. This model may, after validation in other 

populations, be helpful in the identification of women at very low risk of recurrent early-

onset pre-eclampsia. 
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consequences later in life

In Chapter 4.1 we assessed major CVD risk factors and estimated absolute CVD disease 

risk in 243 primiparous healthy women with a history of early-onset pre-eclampsia. A 

population-based group of 374 healthy non-pregnant women of similar age served as a 

reference group. We observed significantly higher means for weight, body-mass index, 

systolic and diastolic blood pressure, total and LDL-cholesterol, total cholesterol to 

HDL-cholesterol ratio, triglycerides, fasting glucose, and lower mean HDL-cholesterol in 

women with previous early-onset pre-eclampsia as compared to the reference group. The 

prevalence of the metabolic syndrome was 15.2% versus 4.3%, the prevalence of ≥2 major 

CVD risk factors was 51.0% versus 26.4%, and the prevalence of ≥3 risk factors was 18.9% 

versus 6.4%, respectively. Mean estimated 10-year CVD risk by the Framingham Risk Score 

(FRS) were 1.08% and 1.01%. When extrapolated to the age of 60 years, high risk (>10%) 

was present in 38.7% of women with previous early-onset pre-eclampsia, compared to 

11.9% in the reference group. We concluded that women with a history of early-onset pre-

eclampsia have a high prevalence of all major CVD risk factors, and although the estimated 

absolute 10-year CVD risk is low at the age of 30 years, a considerable proportion of these 

women are expected to develop a high CVD risk with increasing age, for which risk factor 

management is indicated. 

The primary care physician (GP) may play an important role in the follow-up of these 

women after pregnancy, in terms of early identification of high risk subjects and early 

initiation of treatment of hypertension and other risk factors for CVD. As yet, specific 

guidelines or protocols for GPs on cardiovascular risk factor management of women with 

a pregnancy complicated by PE do not exist. It is not known how GPs in the Netherlands 

care for women who experienced a hypertensive disorder during their pregnancy after 

the child is born. In Chapter 4.2 we investigated the extent of cardiovascular risk factor 

management in general practice in these women. We reviewed medical records of 1196 

women in four primary health care centres, who were registered from January 2000 until 

July 2007 with an ICPC code indicating pregnancy. Records were searched for indicators 

of pre-eclampsia. Of those who experienced pre-eclampsia and of a random sample of 

150 women who did not, information on cardiovascular risk factor management after 

pregnancy was extracted from the records. 35 women experienced pre-eclampsia. Blood 

pressure was more often checked after pregnancy in these women than in controls (57.1% 
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vs. 12.0%). In 50% of the cases blood pressure was measured within 3 months after delivery 

with no further follow-up visit. A check for glucose and cholesterol levels was rare, and 

equally frequent in PE and control women. 20% of the previously normotensive women in 

the PE group had hypertension at one or more occasions after three months post partum 

versus none in the control group. We concluded that despite the evidence of increased risk 

of future cardiovascular disease in women with a history of pre-eclampsia, follow-up of 

these women is insufficient and undeveloped in primary care in the Netherlands.

In Chapter 5.1 we discuss our prediction models in the context of the current literature. 

We comment on the use of biomarkers in prediction models and present an alternative 

schedule for antenatal care visits. Finally we discuss directions for future research to develop 

the ‘ideal’ prediction model. In Chapter 5.2 hypertensive complications during pregnancy 

are compared to diabetes mellitus (DM) and rheumatoid arthritis (RA) as cardiovascular 

disease risk equivalent in cardiovascular disease prevention. We discuss on the approach 

taken for DM and RA described in the recent Dutch guidelines on cardiovascular risk 

management. As the relative risk for hypertensive disorders in pregnancy is of similar 

magnitude as that of RA and DM, a similar approach may be justified.
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Hypertensieve aandoeningen horen tot de belangrijkste complicaties tijdens de zwangerschap 

en komen in ongeveer 10% van alle zwangerschappen voor. Zij vormen een belangrijke 

oorzaak van zowel maternale als perinatale morbiditeit en sterfte. Een belangrijk doel van 

antenatale zorg is het voorspellen en diagnosticeren van zwangerschapshypertensie en pre-

eclampsie. Vroege identificatie van zwangeren met een verhoogde kans op hypertensie, 

vooral op vroege of ernstige pre-eclampsie, maakt intensieve zwangerschapscontrole 

mogelijk van juist die vrouwen die daar het meeste baat bij zouden kunnen hebben. 

Zwangere vrouwen die een laag risico blijken te hebben hoeven juist minder intensief te 

worden gecontroleerd. Mogelijk draagt een dergelijke risicoselectie in een relatief vroeg 

stadium van de zwangerschap, en vervolgens differentiatie in het controleschema tijdens 

de zwangerschap, bij aan tijdige diagnostiek en behandeling van pre-eclampsie, en de 

doelmatigheid van de antenatale zorg.

Hypertensieve aandoeningen vormen niet alleen een risico voor de vrouw tijdens de 

zwangerschap, maar zijn ook geassocieerd met gezondheidsrisico’s op langere termijn: 

later in het leven hebben deze vrouwen een substantieel verhoogde kans op chronische 

hypertensie en hart- en vaatziekten. Veel risicofactoren voor hart- en vaatziekten worden 

al in de eerste jaren na een gecompliceerde zwangerschap bij de moeder zichtbaar. 

Het vervolgen van vrouwen na een doorgemaakte pre-eclampsie is echter nog niet 

opgenomen in de huidige richtlijnen van preventie. Een belangrijke reden hiervoor is 

dat bij cardiovasculair risicomanagement uit wordt gegaan van absolute risico’s in plaats 

van relatieve risico’s, zoals deze veelal in de literatuur worden beschreven. Absolute risico 

schattingen voor pre-eclampsie ontbreken tot nu toe op dit gebied.

In dit proefschrift wordt ingegaan op beide aspecten van hypertensieve aandoeningen 

tijdens de zwangerschap: Voorspellen (hoofdstukken 2 en 3) en de gevolgen op langere 

termijn voor de moeder (hoofdstuk 4).
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predictie

Laag-risico nullipara

Omdat het voorpellen van het ontstaan van hypertensieve aandoeningen met name moeilijk 

blijkt te zijn bij gezonde, laag-risico nullipara, bestaat er behoefte aan voorspelmodellen 

die bruikbaar zijn in de verloskundigenpraktijk. In hoofdstuk 2.1 presenteren we een 

predictiemodel voor het ontstaan van zwangerschapshypertensie voor de 36e week van 

de zwangerschap. Het model maakt gebruik van klinische variabelen die routinematig 

verzameld worden tijdens de intake van de zwangere vrouw vóór 16 weken zwangerschap. 

We hebben hiervoor 2234 nullipara onderzocht, afkomstig uit 22 verloskundigenpraktijken 

in Tilburg en Amsterdam. De incidentie van hypertensie voor 36 weken zwangerschap was 

6.0%. De belangrijkste predictoren waren systolische bloeddruk, diastolische bloeddruk 

en gewicht, gemeten tijdens het eerste consult bij de verloskundige. Het onderscheidend 

vermogen van het model was goed; de oppervlakte onder de ROC curve was 0.78. Met dit 

model hadden de vrouwen met een zeer lage score (19% van de populatie) een risico op 

hypertensie van 0.5%. Bij de vrouwen met een hoge score (19% van de populatie) was dit 

risico 22.9%. In hoofdstuk 2.2 hebben we de externe validiteit van ons model onderzocht in 

een deelpopulatie van de Generation R studie, een groot, recent cohort. We onderzochten 

988 gezonde nullipara, afkomstig uit 7 verloskundigenpraktijken in Rotterdam. De 

incidentie van hypertensie voor 36 weken zwangerschap was 5.9%. De oppervlakte 

onder de ROC curve was 0.73 vergeleken met 0.78 in de originele studie waarin we dit 

model ontwikkelden. Van de vrouwen met een zeer lage score (13.4% van de populatie), 

ontwikkelde niemand hypertensie voor 36 weken zwangerschap. Bij de vrouwen met een 

hoge score (12.8% van de populatie) was het risico op hypertensie 15.9%. De resultaten 

van deze validatie-studie bevestigen het voorspellend vermogen van het model, dat 

vrouwen met een zeer laag en vrouwen met een hoog risico op hypertensie voor 36 weken 

zwangerschap accuraat kan onderscheiden. Toepassing van dit predictiemodel zou kunnen 

leiden tot een vermindering van het aantal zwangerschapscontroles voor vrouwen met een 

laag risico en juist intensievere controle van vrouwen met een hoog risico.

Vroege pre-eclampsie

Hoewel bij de meerderheid van de vrouwen hypertensieve aandoeningen pas tegen 

het einde van de zwangerschap ontstaan, gebeurt dit bij ongeveer 10% al vroeg in de 
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zwangerschap. Vooral deze vroege pre-eclampsie, resulterend in een geboorte voor 34 

weken zwangerschapsduur, kan tot een zeer ongunstige uitkomst van de zwangerschap 

leiden. Het ontbreken van accurate, gevalideerde predictiemodellen om hoog-risico 

patiënten te selecteren, bemoeilijkt de ontwikkeling van strategieën gericht op primaire 

preventie. Hoofdstuk 3.1 beschrijft de ontwikkeling van een predictiemodel voor 

vroege pre-eclampsie bij schijnbaar gezonde vrouwen, gebaseerd op een combinatie van 

makkelijk te meten klinische en biochemische risicofactoren. Het model is te gebruiken 

tijdens een preconceptie-consult. Voor de ontwikkeling ervan hebben we gebruik gemaakt 

van de gegevens van 243 primipara met een doorgemaakte vroege pre-eclampsie en een 

ongeselecteerde controlegroep van 374 gezonde vrouwen binnen dezelfde leeftijdscategorie. 

Onafhankelijke predictoren van vroege pre-eclampsie waren diastolische bloeddruk, 

HDL-cholesterol, LDL-cholesterol en nuchtere glucosewaarde. De oppervlakte onder 

de ROC curve was 0.79. Met dit model kon 56% van de vroege pre-eclampsie gevallen 

geïdentificeerd worden, waarbij 11% fout-positieven. Wanneer de validiteit van dit model 

bevestigd wordt in recente cohorten, zou het model bij kunnen dragen aan zeer vroege 

risico stratificatie, waarbij hoog-risico vrouwen geselecteerd kunnen worden voor verder 

onderzoek en intensieve controle.

Hoewel (vroege) pre-eclampsie vooral voorkomt tijdens een eerste zwangerschap, 

hebben vrouwen met een voorgeschiedenis van pre-eclampsie een verhoogd risico op 

herhaling in een volgende zwangerschap. Het verloop van de aandoening is bij hen ook 

ernstiger dan bij vrouwen die de ziekte voor het eerst doormaken. Op dit moment zijn 

er geen richtlijnen die voorschrijven hoe om te gaan met vrouwen die pre-eclampsie in 

een vorige zwangerschap hebben meegemaakt. In de praktijk staan zij meestal onder 

intensieve controle, met veel meer dan het gebruikelijke aantal zwangerschapscontroles, 

en ondergaan zij extra onderzoeken. Er is al eerder aangetoond dat slechts 25% van deze 

vrouwen opnieuw pre-eclampsie ontwikkelt in een volgende zwangerschap, waarbij het in 

slechts 5% van de gevallen gaat om opnieuw vroege pre-eclampsie. De meeste vrouwen 

zouden dan ook veilig gecontroleerd kunnen worden met een normaal aantal consulten. 

Identificatie van de vrouwen met een zeer laag herhalingsrisico, vroeg in, of zelfs vóór de 

volgende zwangerschap, zou dan ook een minder grote belasting voor de vrouwen zelf 

met zich meebrengen en gunstiger zijn voor de mogelijkheden en budgetten binnen het 

antenatale zorgsysteem.



chapter 6156

In hoofdstuk 3.2 hebben we een model ontwikkeld om vrouwen met een zeer lage kans 

op een recidief vroege pre-eclampsie te identificeren. We onderzochten 407 vrouwen, 

afkomstig uit vijf perinatale derdelijnscentra in Nederland, die een vroege pre-eclampsie 

doormaakten in hun eerste zwangerschap. 6.9% van de vrouwen kreeg opnieuw een 

vroege pre-eclampsie. Vijf predictoren (zwangerschapsduur eerste zwangerschap, eerdere 

dysmaturiteit, nuchtere glucosewaarde, BMI en hypertensie) werden in een logistisch 

regressiemodel opgenomen. De oppervlakte onder de ROC curve was 0.65. Bij een 

voorspeld absoluut risico van 4.6%, was de sensitiviteit 100%, met een specificiteit van 26%. 

Volgens een dergelijke strategie zou geen van de vrouwen met een pre-eclampsie gemist 

worden, terwijl 98 van de 407 vrouwen als laag-risico geclassificeerd zouden kunnen 

worden. Dit model zou dus, na validatie in andere populaties, behulpzaam kunnen zijn bij 

de identificatie van vrouwen met een zeer laag herhalingsrisico op vroege pre-eclampsie. 

Deze vrouwen zouden een minder intensief antenataal controleschema behoeven. 

GevolGen op lanGere terMijn

In hoofdstuk 4.1 hebben we klassieke risicofactoren voor hart- en vaatziekten onderzocht 

bij 243 gezonde primiparae met een geschiedenis van vroege pre-eclampsie. De resultaten 

werden vergeleken met een ongeselecteerde controlegroep van 374 gezonde vrouwen 

binnen dezelfde leeftijdscategorie. De vrouwen die een pre-eclampsie hadden doorgemaakt 

bleken een significant hoger gewicht en BMI te hebben, evenals een hogere systolische 

en diastolische bloeddruk, plasma totaal cholesterol, LDL-cholesterol, triglyceriden- en 

nuchtere glucosewaarde, alsmede een lagere LDL-cholesterolwaarde, alle passend bij een 

verhoogd cardiovasculair risico. In de pre-eclampsie groep voldeed 15.2% van de vrouwen 

aan de kenmerken van het metabool syndroom, tegenover 4.3% in de controlegroep. 

Vrouwen met een pre-eclampsie hadden vaker 1 of meer risicofactoren voor hart- en 

vaatziekten dan vrouwen in de controlegroep. Het absolute tien-jaarsrisico op een 

hartinfarct of beroerte, geschat met de Framingham risico score was echter bij geen van de 

vrouwen in de eerste jaren na de bevalling ernstig verhoogd. Dit wordt met name verklaard 

door de lage a priori kans op hart- en vaatziekten binnen deze leeftijdscategorie. Wanneer 

we het risico zouden extrapoleren tot de leeftijd van 60 jaar, zou 38.7% van de vrouwen 

met een vroege pre-eclampsie een hoog risico hebben (>10%), vergeleken met 11.9% in 



saMenvattinG 157

de controlegroep. De conclusie is dan ook dat de klassieke cardiovasculaire risicofactoren 

een belangrijke bijdrage leveren aan de verhoogde kans op hart- en vaatziekten op latere 

leeftijd. Vrouwen met een vroege pre-eclampsie zouden na hun zwangerschap regelmatig 

gecontroleerd moeten worden op de aanwezigheid van risicofactoren, waarna adequate 

behandeling zou kunnen plaatsvinden.

De huisarts zou de aangewezen persoon zijn om deze vrouwen na de zwangerschap in 

de gaten te houden. Tot nu toe zijn er geen richtlijnen en protocollen voorhanden die 

beschrijven hoe om te gaan met vrouwen die een gecompliceerde zwangerschap hebben 

doorgemaakt. Het is ook onbekend wat huisartsen nu doen op dit gebied. In hoofdstuk 

4.2 hebben we dit onderzocht. We bekeken de medische dossiers van 1196 vrouwen uit 

vier huisartspraktijken, die een of meerdere zwangerschappen hadden meegemaakt. 

35 vrouwen hadden volgens het dossier pre-eclampsie ontwikkeld. We kozen een 

controlegroep van 150 vrouwen die geen pre-eclampsie hadden doorgemaakt en bekeken 

wat er aan risicofactor management gedaan was door de huisarts. Bij de vrouwen met pre-

eclampsie werd de bloeddruk vaker gecontroleerd door de huisarts (bij 57.1% vs. 12.0% in 

de controlegroep). In 50% van de gevallen werd dit binnen drie maanden na de bevalling 

gedaan en vond er geen vervolgbezoek meer plaats. Glucose- en cholesterolbepalingen 

werden nauwelijks verricht en in beide groepen ongeveer even vaak. 20% van de voorheen 

normotensieve vrouwen in de pre-eclampsie groep had bleek een hypertensieve meting 

te hebben op een of meer huisartsbezoeken meer dan drie maanden na de bevalling. 

Dit was bij niemand in de controlegroep het geval. Onze conclusie was dat ondanks het 

bewijs van een verhoogd risico op hart- en vaatziekten bij vrouwen met pre-eclampsie 

in de voorgeschiedenis, follow-up van deze vrouwen nog onvoldoende plaats vindt in de 

Nederlandse huisartspraktijk. 

In hoofdstuk 5.1 bespreken we onze predictiemodellen in de context van de huidige 

literatuur. We geven commentaar op het gebruik van biomarkers in predictiemodellen en 

stellen een alternatief schema van zwangerschapscontroles bij de verloskundige voor. Tot slot 

discussiëren we over mogelijkheden voor vervolgonderzoek om het ‘ideale’ predictiemodel 

te ontwikkelen. In hoofdstuk 5.2 maken we een vergelijking van hypertensieve complicaties 

tijdens de zwangerschap met diabetes mellitus (DM) en rheumatoide arthritis (RA), als 

zijnde cardiovasculaire risico-equivalenten. We bespreken hoe DM en RA in de huidige 

richtlijnen voor cardiovasculair risicomanagement opgenomen zijn. Omdat het risico op 
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hart- en vaatziekten na pre-eclampsie ongeveer vergelijkbaar is met het risico bij diabetes- 

en rheumapatienten, stellen we voor dat een zelfde benadering van vrouwen met een 

doorgemaakte pre-eclampsie wellicht gerechtvaardigd is. 
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dankwoord

Begin augustus 2006, net klaar met de opleiding Geneeskunde, een publicatie op zak en 

een MD/PhD beurs voor twee jaar wetenschappelijk onderzoek: ik begon vol enthousiasme 

aan dit avontuur. Twee jaar was kort, maar vast wel te doen… Begin oktober 2011 mag het 

duidelijk zijn dat het toch anders is gelopen. De weg naar deze promotie was er een met 

hobbels, maar uiteindelijk is de finish bereikt! Iedereen die op wat voor manier dan ook 

heeft bijgedragen aan de totstandkoming van mijn proefschrift wil ik hier graag bedanken 

en een aantal mensen in het bijzonder.

Heel veel dank gaat uit naar mijn 1e promotor Prof. dr. M.L. Bots. Beste Michiel, dank voor 

je optimistische kijk op het leven in het algemeen en op mijn proefschrift in het bijzonder. 

Jouw eindeloze geduld, vertrouwen en onuitputtelijke positieve energie hebben ervoor 

gezorgd dat dit boekje hier na 5 jaar dan nu tóch ligt. Op de momenten dat ik het echt niet 

meer zag zitten kwam ik toch keer op keer vol nieuwe moed en zin jouw kamer uit. Ook 

toen mijn officiële tijd er bij het Julius op zat bleef je zeer betrokken en kon ik altijd, en met 

alles, bij je terecht. Dank voor je steun, het tackelen van mijn vele beren op de weg en het 

doorhakken van al dan niet ingewikkelde knopen.

Mijn 2e promotor Prof. dr. D.E. Grobbee, beste Rick. Vanaf het begin af aan heb ik veel 

gehad aan je kritische blik op mijn manuscripten. Pas later in het traject werden ook onze 

afspraken meer frequent. Veel dank voor je verhelderende en leerzame discussies. Jouw 

kennis, kunde en doortastendheid in wetenschappelijk onderzoek zijn zeer behulpzaam 

geweest.  

Mijn 3e promotor, Prof. dr. A. Franx. Het begon allemaal met die dozen van zolder vol 

roestige paperclips en hier en daar sporen van muizen, jouw oude dataset. Ontzettend 

leuk dat daar zoveel jaren later opnieuw een mooi artikel uit is gekomen. Beste Arie, 

jouw klinische blik was van onmisbare waarde bij dit onderwerp. Heel veel dank voor 

je inspiratie en voor je snelle, vaak uitgebreide reacties en revisies van de stukken met 

prachtige volzinnen (“alle wijzigingen in het document accepteren” Ja). 
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Veel dank gaat ook uit naar mijn co-promotor Dr. K.J.M. Janssen. Beste Kristel, toen ik 

mijn eerste predictie-artikel zou gaan schrijven werd jouw hulp ingeroepen. En er volgden 

er meer. De ingeslagen weg en de samenwerking bevielen zo goed dat Michiel voorstelde 

dat je mijn co-promotor zou worden. Wat vond ik dat ontzettend leuk! Je hebt een hele 

prettige, rustige manier van begeleiden. Je bent scherp en kritisch. Maar het belangrijkste 

voor mij is dat je er altijd vertrouwen in hebt gehad dat het af zou komen en dat je me 

het gevoel ‘er ook trots op te zijn’ zo gunde. Toen ik geen vaste werkplek meer had was ik 

meer dan welkom op jouw kamer, waar ik de rust vond om hard te werken, maar waar we 

ook konden lachen om allerlei niet werkgerelateerde zaken. Fijn dat je helemaal je plek 

gevonden hebt bij Mapi Values en erg leuk dat we elkaar nog blijven zien!

De leden van de beoordelingscommissie van het Alexandre Suerman stipendium en de 

leden van de Raad van Bestuur van het UMC Utrecht ben ik bijzonder dankbaar voor het 

mij toekennen van het stipendium. Deel uit te maken van dit traject was zeer inspirerend. 

De collega-promovendi Anne, Joost R, Judith, Kim, Marieke, Martiene, Maurits, Mirjam, 

Rian, en Thomas wil ik bedanken voor hun gezelligheid tijdens de Masterclasses, die zeer 

verrijkend waren! Alma, Annemarie, Joost V en Menno dank ik daarnaast voor de nuttige 

intervisiebijeenkomsten. Ik heb veel gehad aan jullie ideeën, luisterend oor en steun. Drs. 

Lucette Teurlings en Prof. dr. Gerda Croiset wil ik bedanken voor hun goede begeleiding 

en persoonlijke interesse.     

De leden van de beoordelingscommissie, Prof. dr. F.L.J. Visseren, Dr. L.L.H. Peeters, Prof. 

dr. C.J.M. de Groot, Prof. dr. ir. Y.T. van der Schouw en Prof. dr. E.A.P. Steegers, bedank ik 

voor de tijd en moeite die zij genomen hebben om dit proefschrift op zijn wetenschappelijke 

waarde te beoordelen. 

Graag bedank ik alle co-auteurs van de verschillende manuscripten voor hun waardevolle 

bijdragen. Beste Carl Moons, erg veel dank voor je enthousiaste begeleiding bij de 

predictie-manuscripten. Joris van der Post, dank voor je commentaar op de predictie-

studie en voor het meenemen van de poster naar het ISSHP congres. Sander van Kuijk, ik 

heb onze samenwerking als zeer prettig ervaren. Ondanks de afstand Utrecht-Maastricht 

hadden wij toch een kort lijntje. Pas net begonnen met je eigen onderzoek heb jij je de 

onderzoeksmethoden en het schrijven van ons artikel snel eigen gemaakt! Daarnaast 
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toonde je ook veel belangstelling voor andere zaken. Ik wens je veel succes met het afronden 

van je eigen proefschrift. Simone Sep, Luc Smits, Louis Peeters en Hein Bruinse dank ik 

voor de fijne samenwerking en nuttige bijeenkomst(en) in Maastricht en Eindhoven. 

Marianne Coolman, wij hebben elkaar maar een keer gezien en toen ging het vooral over 

carrièrekeuze, onze kinderen en vakantie. Erg gezellig! Verder verliep de samenwerking 

telefonisch en per mail, maar het stuk is mooi geworden. Dank voor je input daarvoor. 

Vincent Jaddoe en Eric Steegers, bedankt voor het beschikbaar stellen van de Generation R 

data en jullie snelle commentaar op de validatie-studie. Monique Timmerman, als student 

kwam je bij mijn Leidsche Rijn project. Wat heb jij een data doorgeworsteld in die drie 

maanden! Veel dank voor je enorme inzet. Mattijs Numans, bedankt voor je waardevolle 

suggesties bij het Leidsche Rijn manuscript. Bas van Rijn, ik heb erg veel gehad aan onze 

gesprekken. Jouw zeer uitgebreide kennis over het onderwerp werkte verhelderend. Dank 

voor je goede commentaar op de verschillende stukken en dank voor het 2e auteurschap 

bij de risk factor studie. 

Nicole Boekema wil ik bedanken voor het maken van de verschillende databestanden met 

gegevens uit het Leidsche Rijn Gezondheidsproject.

Heinie Meegdes, natuurlijk ben ik je dankbaar voor het maken en verzetten van moeilijke 

afspraken en alle regelzaken rondom mijn promotie, maar eigenlijk nog veel meer voor 

je enorme betrokkenheid, de gezelligheid en vele bijklets momenten door de jaren heen. 

Zo niet op het Julius, dan wel door middel van een telefoontje thuis. Ik heb dat zeer 

gewaardeerd! 

Hans Hulsen, jij verdient een speciale plek in dit dankwoord. Met jou is het allemaal 

begonnen. Ik denk met erg veel plezier terug aan onze wetenschappelijke stage die in het 

teken stond van SSH en PPA. Wat een supertijd heb ik met jou gehad! Het resultaat was een 

prachtig artikel dat niet in dit boekje staat, omdat het hierin nu eenmaal niet om mannen 

van wat voor leeftijd dan ook gaat. Ik ben verder gegaan op de door ons samen ingeslagen 

weg, jij koos voor een klinische carrière die echt op jouw lijf geschreven is. Gelukkig zijn we 

elkaar nooit uit het oog verloren. Ik vind dat het weer hoog tijd is voor een etentje!
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En dan nu Kamer 4.126 (een begrip), lieve Caroline, Ilonca, Gerrie-Cor, Marjolein, 

Anneloes, Lotte, Ghislaine, Marianne, Anne en Frederieke. Wat heerlijk om jullie hier te 

bedanken!! Het was echt een enórm genoegen met jullie deze tijd door te maken. Wat heb ik 

het met jullie getroffen! Jullie hebben ervoor gezorgd dat ik met heel veel plezier terugkijk 

op een fantastische tijd. Het begon met een spss-vraagstuk en eindigde met een modeshow, 

je kan het zo gek niet bedenken, alles was mogelijk! Hilarische Sinterklaastaferelen, lol in 

de kamer, lol buiten de kamer! Maar er was ook ruimte voor serieuze zaken. We hebben 

heel veel met elkaar gedeeld en jullie zijn voor mij een grote steun geweest. Daar ben ik 

jullie ieder afzonderlijk heel dankbaar voor. 

Meiden, onvergetelijk! Ik hoop jullie nog heel lang te blijven zien!

Rolf en Soner, na 4.126 was het even wennen om opeens met twee mannen een schrijfkamer 

te delen. Ik heb door jullie echter al snel ervaren dat geslacht geen voorspellende variabele 

is als het om gezellige kletspraat gaat. Erg leuk om naast het werk ook met jullie over 

zwangerschappen, kinderen en al dat soort dingen meer te praten!  

Anneloes, weer leuk en vertrouwd om met jou uiteindelijk ook de laatste loodjes (nou ja, 

dat laatste is op mij niet helmaal van toepassing gebleken) te hebben gedeeld.

Alle andere (oud) collega’s van het Juliuscentrum, teveel om allemaal bij naam te noemen, 

wil ik bedanken voor de gezelligheid tijdens lunches, borrels, feestjes, congressen en 

natuurlijk voor het eveneens gezellige oponthoud in de wandelgangen. Ook veel dank voor 

jullie gastvrijheid toen ik geen vaste werkplek meer had. Ik heb me altijd welkom gevoeld.

Hadi, wij hebben in het begin samen gewerkt aan jouw AGT-studie. Ik denk met veel 

plezier terug aan onze gesprekken over het werk en over het leven, aan het onvergetelijke 

congres in Orlando en aan twee heerlijke Iranian dinners bij jou thuis! Carianne, dat neus 

poederen in Rotterdam ga ik echt nooit meer vergeten! Dat er nog maar veel gezellige 

etentjes mogen volgen!

Lieve Caroline, nog een apart woord van dank voor jou. Collega’s vanaf het eerste uur, 

slechts gescheiden door de mijlpaal, wat goed te omzeilen was door onze stoelen een halve 

slag te draaien. Wij hanteerden hetzelfde werkschema, vaak niet al te vroeg beginnen, maar 

dan wel door tot in de late uurtjes onder het genot van een kleffe nasi-hap uit de Brink. Het 

was ontzettend fijn om met jou van gedachten te wisselen over werkelijk van alles. Jouw 
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promotie was geweldig om mee te maken. Ik heb het je toen al gezegd; het woord collega 

dekt niet meer de lading. Ik ben heel blij dat je straks ook achter mij staat!

Zoveel vrienden hebben de vorderingen van dit boekje met belangstelling gevolgd. 

Lieve Tamara, ontzettend leuk dat wij elkaar na zoveel jaren opnieuw tegen zijn gekomen. 

Het klikte meteen weer! Na onze urenlange telefoongesprekken vol hilariteit is de batterij 

altijd wel weer even opgeladen. Lieve Yvette, we leerden elkaar kennen aan het begin van 

onze studie Psychologie en we werden vriendinnen voor het leven! Ook al spreken we 

elkaar soms maanden niet, het voelt altijd weer vertrouwd. Lieve Anne, samen nog een 

opleiding beginnen na al 4 jaar iets ander te hebben gestudeerd, schiep vanaf begin af 

aan een band. Ik geniet van jouw nuchterheid en ben ontzettend blij met jouw steun en 

vriendschap. Lieve Inge, ook met jou de hele studie Geneeskunde doorlopen en vanaf 

het eerste begin al zoveel gedeeld op ook andere vlakken. Fijn om te weten dat ik altijd 

bij je terecht kan! Lieve Chantal, oud-huisgenootje en vriendin. Wat heb ik met jou een 

ontzettend leuke tijd gehad in Utrecht. Fitness Factory, pastasalade en urenlang kletsen tot 

diep in de nacht. Al jaren geniet ik van je scherpe geest. Vanaf nu weer veel meer tijd; je 

hebt nog steeds iets van me tegoed! Lieve Anneke, de manier waarop wij elkaar ontmoet 

hebben is wel heel bijzonder; dat we nog maar heel lang met elkaar mogen genieten van 

onze HCP’s! Lieve Beatrijs, ik kom nu z.s.m. op kraambezoek!! Dear Fred, special friend 

from England, thank you for your everlasting enthusiasm and support during the last years. 

I’m looking forward to see you again!

Vrienden uit Groningen, Zoetermeer, meiden van de MGR, vrienden van Geneeskunde, 

allen die ik hier niet bij naam genoemd heb: bedankt voor jullie steun, interesse, afleiding 

en relativeringsvermogen in de afgelopen jaren!

Als laatste wil ik mijn familie bedanken.

Lieve ooms, tantes, nichtjes en neefjes, wat mag ik me gelukkig prijzen met zo’n warme, 

lieve en vreselijk gezellige familie! Als wij bij elkaar zijn is dat drie huizen verderop te 

horen… Dank dat jullie er voor me zijn!

Lieve schoonfamilie, wat voel ik me toch heerlijk thuis bij jullie! Heel veel dank voor jullie 

interesse en voor de welkome afleiding onder andere in de vorm van de supergezellige 
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wintersportweek, zonnige zomervakanties en de jaarlijkse sinterklaasavond (ik ga ervan uit 

dat ik dit jaar eindelijk het laatste gedicht krijg waarin het woord promoveren voorkomt, en 

alles wat daar zo leuk op rijmt…).  

Lieve Ilse-Sophie, ik had me geen betere zus kunnen wensen. Ik kan met alles bij jou 

terecht, jouw steun is voor mij van onschatbare waarde. Je bent zo sterk, met zo’n mooi 

karakter en zoveel talenten, ik ben verschrikkelijk trots op je. En o ja, veel dank voor de 

spreekwoordelijke schop onder de kont zo nu en dan om deze promotie nou eindelijk eens 

af te ronden. Ik ben ontzettend blij dat jij mijn paranimf bent. En laten we nu snel die 

Bratwurst gaan halen! 

Lieve Mark, nu is het mijn beurt om eens even een punt te maken: super veel dank aan 

jou voor het ontwerp van de cover en hulp bij de lay-out met badass letters. Ik vind 

het ontzettend mooi geworden! Ik verheug me op ons volgend weekendje Landal vol 

midgetgolf, gezelschapsspelletjes en goede films :p!  

Lieve mama en papa, jullie staan aan de basis. Dank voor alles wat jullie me geleerd en 

meegegeven hebben en voor jullie onvoorwaardelijke liefde en steun. 

Papa, je hebt me de afgelopen jaren heel vaak gevraagd wanneer ik dan toch eindelijk eens 

een keer klaar zou zijn met die studie, zie hier het resultaat! Ik weet dat je er trots op zal zijn.

Mama, ik heb grote bewondering voor de kracht waarmee jij in het leven staat. Dank voor 

het vele, vele oppassen zodat ik in alle rust aan het onderzoek kon werken. Ik vind het 

heerlijk als je bij me bent!

Ik hou van jullie.

Tot slot mijn lieve mannen, Anne en Hidde, het allerliefste en allermooiste wat ik heb. 

Lieve Anne, dank voor werkelijk álle ruimte die je me gegeven hebt dit af te ronden, voor je 

hulp en je steun. Lieve, kleine Hidde, als ik jou wakker hoorde worden uit je middagslaapje 

kostte het me geen enkele moeite de computer uit te zetten. Je bent het mooiste wat me ooit 

is overkomen. 

Ik heb ontzettend veel zin in de rest van ons leven, ik hou van jullie! 

Marie-Elise

Amersfoort, oktober 2011
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