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G
eneral Introduction

INTRODUCTION

Preeclampsia and gestational hypertension are major causes of maternal and fetal 

morbidity as well as mortality worldwide.1;2 In the Netherlands 8.3% of all pregnancies in 

2006 was affected by preeclampsia or gestational hypertension.3 The majority of these 

women were pregnant with their first child. During pregnancy or postpartum, women 

with hypertensive disorders of pregnancy and their babies are at risk of complications 

like elective preterm birth, fetal growth retardation, perinatal death, HELLP syndrome, 

eclampsia, renal insufficiency, cerebral bleeding or maternal mortality.4 Additionally 

women with previous preeclampsia have an elevated risk for cardiovascular disease in 

later life.5;6 Being small for gestational age at birth is associated with future cardiovascular 

and metabolic disorders.7

Hypertensive disorders of pregnancy present a large variation in phenotype and severity 

of disease. These vary from gestational hypertension with moderate hypertension after 

20 weeks of gestation in a previously normotensive woman, to preeclampsia (gestational 

hypertension with proteinuria), hemolysis, elevated liver enzymes, low platelets (HELLP) 

syndrome to eclampsia.8 Generally the disease is more severe if it occurs early in 

pregnancy and if it is combined with physical signs and symptoms that are associated 

with preeclampsia.4 At present preeclampsia is unpredictable in onset and progression. 

The only effective treatment is termination of pregnancy.4 If preeclampsia starts early in 

pregnancy, maternal risks have to be balanced against neonatal risks caused by elective 

preterm birth.

Despite extensive research the pathogenesis of preeclampsia remains unclear. A widely 

accepted hypothesis is that a disturbed placental function early in pregnancy causes a 

systemic inflammatory response characterized by generalized endothelial dysfunction 

leading to the maternal syndrome in the second half of pregnancy.9 Inadequate placentation 

may be the result of vascular, immunological, genetic or environmental factors.

Prevention of preeclampsia is hardly possible. Based on large meta-analyses there is 

evidence that low-dose aspirin reduces the risk by approximately 10%.10;11 This treatment 

is recommended in women with moderate to high risk for preeclampsia.12 In women with 

low baseline calcium intake calcium supplementation reduces the risk of preeclampsia.13 

Trials investigating possible strategies to reduce the incidence of severe preeclampsia and 

gestational hypertension are hampered by the low incidence of the disease. Predictive 

tests identifying high risk women could facilitate such research. Because placentation 
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starts early in pregnancy it seems likely that early interventions will be the most effective. 

Identification of a high risk group early in pregnancy is therefore relevant. Up to now 

there is no early validated predictive test with sufficient accuracy, that is useful in daily 

clinical practice.14

Several risk factors have been identified with respect to preeclampsia. These risk factors 

can be pregnancy specific, like parity or multiple pregnancy, or not pregnancy specific 

and are shared with risk factors of adult cardiovascular disease. Among these are 

maternal physical characteristics like obesity, age and pre-existing vascular diseases like 

hypertension and diabetes.4 Other known risk factors for cardiovascular disease like 

psychosocial stress might also influence the incidence of preeclampsia.15;16 It is assumed 

that psychosocial stress causes excessive sympathetic nervous system activation.17Several 

studies describe a higher sympathetic activity in women with preeclampsia, compared 

to women with an uncomplicated pregnancy.18;19 However, it is not clear if sympathetic 

hyperactivity in preeclampsia is influenced by psychosocial stress.20-22 

Protective or disease modifying interventions that reduce the risk of cardiovascular disease 

might be useful for the prevention of hypertensive disorders in pregnancy. Physical activity 

is one such potential factor, known to prevent non-pregnant cardiovascular disease and 

to reduce its symptoms. Its precise mechanism is unclear. An acceptable hypothesis 

is that it reduces oxidative stress, which in turn influences the immune response and 

improves endothelial function.23-26 These processes are also involved in the development 

of preeclampsia and gestational hypertension.4 Literature regarding physical activity and 

preeclampsia shows conflicting results.27-29 

By studying the maternal cardiovascular system in pregnancy, one understands why factors 

that regulate blood pressure might be predictive of preeclampsia. Already in the very 

beginning of pregnancy, before 12 weeks gestational age, the maternal cardiovascular 

system changes. Cardiac output increases and peripheral vascular resistance decreases. 

Total circulating plasma volume increases by 40% compared with non-pregnant 

controls. Blood pressure decreases until mid-pregnancy and rises again till the end of 

pregnancy.30;31 Women with severe preeclampsia not only have hypertension but also a 

reduced cardiac output, an increased vascular resistance, an increased arterial stiffness 

and a diminished circulating plasma volume.32;33 

Together with proteinuria an increased blood pressure is the obligatory symptom of the 

syndrome preeclampsia. Women predisposed to develop preeclampsia already have an 

increased blood pressure early in pregnancy compared to women who do not develop 

preeclampsia or gestational hypertension, long before clinical symptoms arise. Although 
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they do not meet the criteria for hypertension yet, their blood pressure measured in the 

beginning of pregnancy can be used to predict preeclampsia.34-36 Blood pressure can be 

measured using different methods and devices. In the first half of the eighteenth century 

blood pressure was measured for the first time invasively in a mare by Stephan Hales. Until 

1905 it was not possible to measure blood pressure non-invasively with a simple device 

suitable for daily clinical practice. It was Nicolai Korotkoff who combined the mercury 

manometer developed by Riva-Rocci and a stethoscope to register the occurrence and 

disappearance of vascular sounds on the pressure release in an occluding upper arm 

cuff.37 This method is considered as golden standard for non-invasive blood pressure 

measurements and criteria have been described to standardize the procedure.38 Mercury 

sphygmomanometry is used to diagnose preeclampsia and gestational hypertension.8 

In the Netherlands the use of mercury sphygmomanometers in hospitals is not allowed 

because of mercury toxicity. They are replaced by aneroid sphygmomanometers. 

Nowadays several automated devices can be used to measure blood pressure, based 

on registration of vascular oscillations or vascular sounds during cuff pressure release or 

peripheral vascular pressure. However, many of these devices have not been validated 

for the use in pregnancy.

Sphygmomanometry as described by Korotkoff and oscillometry register vascular 

oscillations during the gradual relaxation of vascular occlusion in the upper arm. The 

appearance and disappearance of vascular sounds determine systolic and diastolic 

blood pressure and the mean arterial pressure is calculated as ((2x DBP) + SBP)/3. 

In oscillometry the mean arterial pressure is estimated primarily by the pressure where 

oscillations are largest. Systolic and diastolic blood pressures are derived from this 

point. Sphygmomanometry registers systolic from one and diastolic blood pressure 

from another heart beat cycle. In oscillometry the envelope of all oscillations during cuff 

pressure release is registered, but the single maximum oscillation denotes mean arterial 

pressure.39 Both techniques are influenced by arm diameter and vascular deformability.

Oscillometry is often used in automated devices suitable for ambulatory blood pressure 

measurement (ABPM). In this way information about out of office blood pressure and 

heart rate can be obtained. A more sophisticated approach is the calculation of the 

Hyperbaric Index (HBI) using ABPM of at least 24 hours. The HBI is the individual amount 

of blood pressure excess during the measurement period above a 90% tolerance limit.40

Non-invasive finger arterial waveform registration enables continuous blood pressure 

registration. One of the advantages of this method is that not only blood pressure 

but also heart rate, cardiac output, total peripheral resistance, arterial stiffness and 

autonomic cardiovascular control can be estimated. It is not clear if there are differences 

in predictive capacity between the different techniques and devices. 
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The outcome of studies using blood pressure for the prediction of hypertensive disorders 

is generally disappointing. Addition of maternal characteristics and other variables like 

arterial stiffness seems to improve the predictive accuracy for preeclampsia.41-43 Of 

these maternal characteristics, the most predictive variable is the outcome of a former 

pregnancy. Nearly half of all pregnant women are nulliparous and 2/3 of all cases of 

preeclampsia occur in nulliparous women. Therefore this parameter cannot be used to 

predict preeclampsia in these women.

AIM OF THIS THESIS

To investigate if differences in cardiovascular parameters can be observed early in 

pregnancy between women, who will develop preeclampsia or gestational hypertension 

later in pregnancy and women with an uncomplicated pregnancy. Moreover, if these 

differences could be used to develop a screening strategy with a focus on nulliparous 

women. Additionally we wanted to establish if modifiable risk factors for cardiovascular 

disease like psychosocial stress and physical activity are also associated with preeclampsia. 

Specifically we wanted to answer the following questions:

l	 Can blood pressure measured in the beginning of pregnancy be used as a screening 

test for preeclampsia?

l	 Is there a difference in predictive capacity between different methods of measuring 

blood pressure?

l	 Is arterial stiffness increased in the beginning of pregnancy in women who will develop 

preeclampsia later in pregnancy and is this associated with the disease?

l	 Is psychosocial stress in the first half of pregnancy associated with later preeclampsia?

l	 Can physical exercise in leisure time in the first half of pregnancy reduce the incidence 

of preeclampsia?

l	 Does the menstrual cycle influence blood pressure and the spontaneous baroreflex 

control of the heart?



C
hapter 1

13

G
eneral Introduction

OUTLINE OF THE THESIS

Part 1. Blood pressure measurement as a screening test

A meta-analysis of the value of blood pressure measurements as a screening test for 

preeclampsia is presented (Chapter 2). The two following chapters explore if automated 

blood pressure measurements have a stronger association with later hypertensive 

disorders of pregnancy than conventional sphygmomanometry measurement. In a 

prospective cohort of healthy nulliparous women and women with a previous pregnancy 

complicated by preeclampsia blood pressure is measured in the first trimester with 3 

different techniques; conventional sphygmomanometry, non-invasive continuous finger 

arterial pressure waveform registration and ABPM. In chapter 3 we prospectively evaluate 

the Hyperbaric Index, calculated from a 48 hour ABPM as a possible screening test in 

the first trimester for preeclampsia or gestational hypertension. In addition we compare 

the predictive capacity of the HBI with conventional sphygmomanometry and a 48 hour 

ABPM. In chapter 4 the associations between blood pressure and later preeclampsia or 

gestational hypertension are estimated for the three measurement techniques.

Part 2. Association of preeclampsia with arterial stiffness

Using the same cohort as in chapter 3, arterial stiffness was measured in healthy 

nulliparous women and multiparous former preeclamptic women with continuous finger 

arterial pressure waveform analysis. We analyze if this could enable the selection of 

women at risk for developing preeclampsia later in pregnancy (Chapter 5).

Part 3. Maternal characteristics and their association with preeclampsia

Between January 2003 and March 2004 all pregnant women who received their 

antenatal care by a midwife or gynecologist in Amsterdam were asked to participate 

in the Amsterdam Born Children and their Development Study (ABCD-study). All 

participants filled in a questionnaire on sociodemographic characteristics, medical 

history, psychosocial stress and lifestyle. We explore data of all nulliparous women with 

a singleton pregnancy in this cohort, to assess the association of psychosocial stress 

(chapter 6) or physical activity in leisure time (chapter 7) with preeclampsia. Calculations 

are adjusted for a number of well known risk factors like age, body mass index, smoking 

and pre-existing medical conditions. 
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Part 4. The influence of the menstrual cycle on hemodynamics and 
cardiovascular control

Although differences in hemodynamics and cardiovascular regulation in pregnancy are 

found between uncomplicated pregnancies and pregnancies with hypertensive disorders 

not much is known about measurements before pregnancy and the individual alterations 

in women. The influence of the menstrual cycle on the spontaneous baroreflex control of 

the heart and hemodynamic parameters is investigated (Chapter 8). 
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ABSTRACT

Objective 
To determine the accuracy of using systolic and diastolic blood pressure, mean arterial 

pressure, and increase of blood pressure to predict preeclampsia.

Design 

Systematic review with meta-analysis of data on test accuracy.

Data sources 

Medline, Embase, Cochrane Library, MEDION, reference list checking of included articles 

and reviews, contact with authors.

Review methods 

Without language restrictions, two reviewers independently selected the articles in 

which the accuracy of blood pressure measurement during pregnancy was evaluated to 

predict preeclampsia. Data were extracted on study characteristics, quality and results 

to construct 2x2 tables. Summary receiver operating characteristic curves and likelihood 

ratios were generated for the various levels and their thresholds. 

Results 

34 studies, testing 60,599 women (3341 cases of preeclampsia) were included. In 

women at low risk for preeclampsia, the areas under the summary receiver operating 

characteristic curves for blood pressure measurement in the second trimester were 

0.68 (95% confidence interval 0.64 to 0.72) for systolic blood pressure, 0.66 (0.59 to 

0.72) for diastolic blood pressure, and 0.76 (0.70 to 0.82) for mean arterial pressure. 

Findings for the first trimester showed a similar pattern. Second trimester mean arterial 

pressure of 90 mmHg or more showed a positive likelihood ratio of 3.5 (95% confidence 

interval 2.0 to 5.0) and a negative likelihood ratio of 0.46 (0.16 to 0.75). In women 

deemed to be at high risk, a diastolic blood pressure of 75 mmHg or more at 13 to 20 

weeks’ gestation best predicted preeclampsia: positive likelihood ratio 2.8 (1.8 to 3.6), 

negative likelihood ratio 0.39 (0.18 to 0.71). Additional subgroup analyses did not show 

improved predictive accuracy.

Conclusion 

When blood pressure is measured in the first or second trimester of pregnancy, the 

mean arterial pressure is a better predictor for preeclampsia than systolic blood pressure, 

diastolic blood pressure or an increase of blood pressure. 
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Blood pressure and preeclam
psia; a m

eta-analysis

INTRODUCTION

Preeclampsia is an important disorder of pregnancy, with potentially severe consequences 

for mother and child.1;2 The frequency of preeclampsia varies between 2% and 7% in 

healthy nulliparous women.3-5 In preeclampsia, the interaction between the placenta 

and maternal constitution is influenced by genetic and environmental factors, causing a 

hypertensive inflammatory response.6 The gestosis is associated with low birth weight and 

preterm delivery but can also develop at term, during labour, or even postpartum.2 It has 

been shown that women destined to develop preeclampsia have higher mean arterial 

pressures in the first and second trimester and even before pregnancy than women with 

normal pregnancies.7;8

Blood pressure measurement is a screening test that is routinely used in antenatal 

care to detect or predict hypertensive disease.2 Accurate prediction of women at risk 

for preeclampsia is crucial to judicious allocation of monitoring resources and use of 

preventive treatment9, with the prospect of improving maternal and neonatal outcome. 

Studies investigating the predictive accuracy of blood pressure measurement report 

conflicting results. In view of these conflicting reports, it is uncertain whether blood 

pressure measurement should be used routinely as a predictive test or used only to 

diagnose hypertensive disorders in pregnancy once they are suspected. We carried 

out a systematic review to investigate the accuracy of blood pressure measurement for 

prediction of preeclampsia in pregnant women. 

METHODS

This review was based on our previously published protocol.10 Librarians carried out 

two electronic searches covering Medline, Embase, Cochrane Library (2006;4), and 

Medion (www.mediondatabase.nl/) from inception to February 2007. The search strategy 

(Appendix 1) consisted of MeSH or key terms related to the disease (preeclampsia) and 

population (pregnant women) combined with methodological filters for identification 

of studies on diagnostic tests and causal factors.11-13 A second search strategy was 

done to ascertain retrieval of relevant papers because ‘blood pressure’ is a term both 

related to our index test blood pressure measurement and the outcome preeclampsia. 

We checked reference lists of relevant studies to identify cited articles not captured by 

electronic searches and contacted authors of primary studies who had e-mail addresses 

available. No language restrictions were applied. We included studies that reported on 

any technique to measure blood pressure in pregnant women in any healthcare setting 
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and of any level of risk for preeclampsia. We included test accuracy studies allowing 

generation of 2x2 tables.

Trained reviewers independently screened titles and abstracts for relevance (J.S.C. and 

K.C.V.), and full papers for inclusion and data extraction (JSC and NdV). An explanation 

of extracted clinical, methodological and statistical data has been published.10 Studies 

were assessed by one reviewer (J.S.C.) for methodological quality against the quality 

assessment of diagnostic accuracy studies (QUADAS) criteria14 and randomly checked 

by a second reviewer (NdV). How we assessed items is summarised in Appendix 2. We 

also assessed application of preventive treatment. For multiple publication of one data 

set we included only the most recent or complete study. Disagreements were resolved by 

consensus or a third reviewer.

Reference standards for preeclampsia were a persistent systolic blood pressure of 140 

mmHg or more or diastolic blood pressure of 90 mmHg or more, or both, with proteinuria 

of 0.3 g/ day or more or a dipstick result of + or more (30 mg/dl in a single urine 

sample), or both, new after 20 weeks of gestation. Severe preeclampsia was defined as 

systolic blood pressure of 160 mmHg or more or diastolic blood pressure of 110 mmHg 

or more, or both, with proteinuria of 2.0 g/ day or more or a dipstick result of +++ or 

more, or both, or of early onset (< 34 weeks) gestation. Superimposed preeclampsia 

was defined as the development of proteinuria of 0.3 g/ day or more or a dipstick result 

of + or more after 20 weeks of gestation in chronically hypertensive patients. Chronic 

hypertension was defined as hypertension present before pregnancy or detected before 

20 weeks gestation and not resolving within three months after delivery.15 

Data synthesis

From the 2x2 tables we calculated sensitivity and specificity and plotted their results 

in receiver operating characteristics plots. We pooled results among groups of studies 

measuring similar blood pressure variables (systolic, diastolic, mean arterial, or increase) 

and similar outcome. We used a bivariate regression model that takes into account the 

negative correlation between sensitivity and specificity. This method has been extensively 

described elsewhere and is recently recommended for meta-analysis of diagnostic 

tests.16;17 Briefly, rather than using a single outcome measure per study, such as the 

diagnostic odds ratio, the bivariate model preserves the two-dimensional nature of 

diagnostic data in a single model. This model incorporates the correlation that may exist 

between sensitivity and specificity within studies owing to possible differences in threshold 

between studies. When necessary, the bivariate model uses a random effects approach for 

both sensitivity and specificity, allowing for heterogeneity beyond chance due to clinical 

or methodological differences between studies. In addition the model acknowledges the 
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difference in precision by which sensitivity and specificity have been measured in each 

study. This means that studies with a larger number of women with preeclampsia receive 

more weight in the calculation of the pooled estimate of sensitivity, whereas studies with 

more women without preeclampsia are more influential in the pooling of specificity. 

To estimate a summary receiver operating characteristic curve and an area under that 

curve, we used the results of the model with the smallest Akaike’s Information Criterion 

(a measure of the goodness of fit of an estimated statistical model).18 This model best 

accounts for heterogeneity between studies. We calculated areas under the curves in the 

first trimester for the complete summary receiver operating characteristic curve, which 

meant extension beyond the available data. We also calculated pooled sensitivities and 

specificities and derived likelihood ratios thereof.19 

We carried out the following subgroup analyses, defined a priori: outcome (severe 

preeclampsia), sample (low-risk sample v high-risk sample), number of readings (multiple 

measurements v single measurement, and gestational age at testing (first trimester v 

second trimester). Sensitivity analyses were done for application of preventive treatment 

and study quality. We considered studies of high quality when they scored positive on 

at least four of the following items: prospective design with consecutive recruitment, 

appropriate reference standard, follow-up greater than 90%, adequate description of the 

index test, and reporting of preventive treatment.

All statistical analyses were done using SAS 9.1 for Windows (Proc NLMixed in the bivariate 

model). We used STATA/SE 9.0 0 for drawing the receiver operating characteristic plots.

RESULTS

Figure 1 summarises the flow of studies through the review. Overall, 34 studiesw1-w34 

screening 60,599 women (3341 preeclamptic women) were included, which comprised 

28 cohorts, three randomised controlled trials and three case-control studies resulting in 

135 2x2 tables. None of 12 authors contacted about unclear information in their articles 

provided additional information. The main reason given was “data not available”. 

Twenty-eight studies were prospective and six retrospective. The risk profiles of the women 

included in the studies are shown in Appendix 3. Sample sizes ranged from 22 to 22,582 

women. The incidence rates for preeclampsia ranged from 0.8 to 40.8% (median 

incidence 6.3%; case control studies excluded). Seven studies reported on “high risk” 

women (range for incidence rates 2.0 to 28.7%). Since the criteria for high risk varied 

from women with an abnormal uterine artery detected by Doppler ultrasonography to 

women with chronic hypertension or diabetes, this may have caused the great variation 



24

in incidence. Fourteen studies explicitly reported exclusion of chronic hypertension and 

four studies reported inclusion of chronic hypertension (women at high risk). Twenty 

eight studies reported on blood pressure measurement in the second trimester. Eighteen 

studies reported on mean arterial pressure, defined as (diastolic blood pressure + one 

third x (systolic blood pressure – diastolic blood pressure)) or automated mean arterial 

pressure readings. Six studies reported on systolic blood pressure, 11 on diastolic blood 

pressure, and three on increase of systolic blood pressure or increase of diastolic blood 

pressure, or both. One studyw33 reported on diastolic midline estimating statistic of rhythm 

(MESOR) and two studiesw28;w31 reported on absolute blood pressure levels. Since both 

randomised controlled trials in women at low risk investigated calcium supplementation, 

which has not been proved effective,20 and one only included the placebo group, we 

analysed the trials together with the cohort studies. Four studies were excluded from the 

final meta-analysis (three case control studiesw2;w15;w20 to further enhance validity and 

one study without threshold for the index testw26).

Quality assessment

Figure 2 summarises the results of quality assessment. Over 70% of studies met the 

following items for quality assessment: period between tests, avoidance of partial and 

 

Primary articles retrieved for detailed evaluation (n= 186)  
- from electronic searches (n= 182)    
- from reference lists (n= 4)    

Articles excluded (n= 152)     
- not prediction (n= 32)            
- reviews, letters, comments, or editorials (n= 16)   
- pre-eclampsia not separate outcome or pregnancy induced 

hypertension only (n= 49)   
- no test accuracy (n= 19)    
- insufficient data to construct 2x2 table (n= 31)  
  
- data duplication (n= 1) 
- other (n= 4)   
 

Primary articles in cluded in systematic review (n= 34)     
   

Potentially relevant citations identified from electronic searches to capture 
primary articles on all tests used in prediction of pre-eclampsia (n= 19 548)

  
Potentially relevant citations on blood pressure measurement (n= 4 000)  

References excluded after screening titles or abstracts (n= 3 818)
   

Figure 1. Literature identification and study selection
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differential verification, independent reference test, blind assessment of index test, 

and clinical data available. Less than 30% of studies scored positive on the items for 

adequate patient spectrum, adequate descriptions of selection criteria, index test, and 

reference test, and blind assessment of reference test. Seven publications reported on the 

application of preventive treatment. 
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Uninterpretable results reported

Clinical data available

Blinding of reference test

Blinding of index test

Adequate description reference test
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Differential verification bias

Partial verification bias

Time period between tests

Appropriate reference test

Selection criteria described

Representative patient spectrum

Compliance to quality item

Yes; N/A No Unclear

Figure 2. Summary of quality assessment

Data analysis

Figure 3 shows the receiver operating characteristic plots for the results for systolic blood 

pressure, diastolic blood pressure, mean arterial pressure and increases of systolic 

blood pressure or diastolic blood pressure according to risk and trimester. Some studies 

are shown several times with several thresholds. Figure 4 shows the summary receiver 

operating characteristic curves for systolic blood pressure, diastolic blood pressure, and 

mean arterial pressure in low-risk populations in the second trimester. The area under 
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the curve was 0.68 (95% confidence interval 0.64 to 0.72) for systolic blood pressure, 

0.66 (0.59 to 0.72) for diastolic blood pressure, and 0.76 (0.70 to 0.82) for mean 

arterial pressure. For a specificity of 90%, the sensitivities of diastolic blood pressure 

and mean arterial pressure were both 35%, whereas for systolic blood pressure the 

sensitivity was only 24%. For the six studies with a mean arterial pressure of 85 mmHg 

or more the pooled sensitivity was 52% (95% confidence interval 28% to 75%) and the 

pooled specificity 84% (95% confidence interval 75% to 94%); derived positive likelihood 

ratio 3.3 (95% confidence interval 2.2 to 4.3) and negative likelihood ratio 0.57 (95% 

confidence interval 0.35 to 0.80). A mean arterial pressure of 90 mmHg or more showed 

a pooled sensitivity of 62% (35% to 89%) and a pooled specificity of 82% (72% to 92%); 
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Figure 3. Receiver operating characteristic plots for all results according to timing of test during 
gestation. Hollow circles represent 2nd trimester testing in low risk populations; solid circles 2nd 
trimester in high risk populations; and hollow triangles 1st trimester in low risk populations.
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derived positive likelihood ratio 3.5 (CI 2.0 to 5.0) and negative likelihood ratio 0.46 

(0.16 to 0.75). The three studies on increase of systolic blood pressure or diastolic 

blood pressure, or both, showed poor predictive accuracy (figure 3.3). Poor predictive 

accuracy was shown for an increase of systolic blood pressure or diastolic blood pressure 

compared with baselinew16;w27 and an increase of blood pressure compared with later 

gestational ages.w32 

Subgroup and sensitivity analysis

Severe preeclampsia was reported by only one cohort study w25 (first trimester: positive 

likelihood ratio 2.9, 1.9 to 4.2; negative likelihood ratio 0.74, 0.59 to 0.88) and one 

case control study w2 (positive likelihood ratio 4.3, 2.2 to 8.9; negative likelihood ratio 

0.54, 0.45 to 0.70). 

In high-risk populations a diastolic blood pressure of 75 mmHg or more at 13 to 20 

weeks’ gestation best predicted preeclampsia: (positive likelihood ratio 2.8, 1.8 to 

3.6, negative likelihood ratio 0.39, 0.18 to 0.71).w26 Another study showed a positive 

likelihood ratio 2.8 and negative likelihood ratio of 0.00, but this study had only one 

case of preeclampsia (sensitivity 100%). 

In 24 studies it was unclear whether single (in doctor’s surgery) or multiple (ambulatory 

blood pressure monitoring during the daytime) readings were reported. When it was 

assumed that these studies carried out single measurements, the areas under the curves 

for testing in low risk populations in the second trimester remained 0.68 for systolic 
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blood pressure, 0.66 for diastolic blood pressure, and 0.76 for mean arterial pressure. 

Areas under the curves for blood pressure measurement in the first trimester were 0.66 

for systolic blood pressure, 0.67 for diastolic blood pressure, and 0.79 for mean arterial 

pressure. 

Studies that excluded women with chronic hypertension showed positive likelihood ratios 

for systolic blood pressure of 1.9 (95% confidence interval 0.0 to 3.7), diastolic blood 

pressure 2.7 (0.0 to 5.5), and mean arterial pressure 2.6 (1.5 to 3.7). Negative likelihood 

ratios were, respectively, 0.6 (0.4 to 0.6), 0.6 (0.4 to 0.7), and 0.5 (0.3 to 0.8).

Sensitivity analysis on preventive treatment was considered impractical because 25 

studies (80%) did not report on it. None of the studies met the criteria for high quality. 

DISCUSSION

We reviewed the literature on the accuracy of blood pressure measurement during 

pregnancy to predict preeclampsia. The mean arterial pressure predicted preeclampsia 

fairly well (area under the curve between 0.70 and 0.80) whereas systolic blood pressure, 

diastolic blood pressure, and an increase of systolic blood pressure or increase of diastolic 

blood pressure, or both, predicted preeclampsia poorly (area under the curve < 0.70). 

In low-risk populations a mean arterial pressure in the second trimester best predicted 

preeclampsia, with an area under the curve of 0.76. An increased mean arterial pressure 

of 90 mmHg or more in the second trimester, however, showed a small increase of the 

likelihood of developing preeclampsia (positive likelihood ratio 3.5; negative likelihood 

ratio 0.46). In high-risk populations a diastolic blood pressure of 75 mmHg or more 

at 13 to 20 weeks’ gestation best predicted preeclampsia, although the accuracy of 

prediction was modest (positive likelihood ratio 2.8, negative likelihood ratio 0.39). 

Subgroup analyses were limited and did not improve predictive accuracy. 

Strengths and weaknesses of the review

We carried out extensive literature searches without language restrictions, assessed the 

quality of the studies and the reporting, and used contemporary statistical methods. 

Many studies did not distinguish between preeclampsia and other hypertensive disorders 

in pregnancy (figure 3.1), nor did many report sufficient information to construct a 2x2 

table. Contacting authors did not increase the number of included studies, resulting 

in a potential loss of relevant data. Quality assessment and subgroup analyses were 

hindered by unclear reporting in many studies, which is a common problem in diagnostic 

reviews. Previous studies reported that poor study design and conduct can affect 

estimates of diagnostic accuracy21;22 but it is not entirely clear how individual aspects 
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of quality may effect this and to what magnitude in this particular area. Many strategies 

to account for differences in quality have been applied but none led to estimates that 

were systematically less optimistic than ignoring quality in meta-analyses of test accuracy 

studies.23;24 As a result of unclear reporting it was not possible to carry out multivariate 

subgroup analysis on the basis of individual quality criteria, therefore we reported the 

overall results. Poor reporting occurred in details of the index test and reference standard, 

patient selection criteria, and blinding. Definitions of preeclampsia have changed over 

time, with previous definitions including oedema and increases in blood pressure. The 

measurement of blood pressure was poorly reported, underestimating the importance 

of recording diastolic blood pressure with Korotkoff phase V as this is more reliably 

recorded and more closely reflects direct measurement of diastolic blood pressure.25-27 

Poor reporting of the device used underestimates the importance of its validation for 

blood pressure measurement during pregnancy.28;29 Poor reporting of patient selection 

criteria may partly explain the great variability of incidence rates of preeclampsia not 

only between but also within the categories of populations considered high risk or low 

risk. In some of the studies the population that was intended to be recruited differed from 

the population enrolled. The selection criteria for high risk varied from abnormal uterine 

artery detected by Doppler ultrasonography to pre-existent disease or mixtures thereof, 

such as chronic hypertension or diabetes. Large cohort studies (> 300,000 women) 

reflecting unselected populations however showed incidence rates of preeclampsia 

between 0.8 and 5.1%.30-32 This suggests that small studies of low risk or unselected 

populations within this review may have been prone to selection bias. Studies that tested 

in mid-trimester should have taken into account that the predictive accuracy at 14 weeks 

may differ from that at 27 weeks because by definition no one develops preeclampsia 

in the first half of pregnancy. 

Strengths and weaknesses in relation to other studies

A published review in this area was restricted to evaluating risk factors for preeclampsia 

at the first antenatal visit.33 This review included four studies on blood pressure and 

concluded that the risk of preeclampsia was increased in women with a raised diastolic 

blood pressure (> 80 mmHg) at the first antenatal visit (relative risk 1.48, 95% confidence 

interval 1.0 to 1.9). Other published reviews did not apply appropriate methods for 

systematic reviews of screening tests or did not distinguish between different hypertensive 

disorders.34-39 Some of these reviews concluded that an increased mean arterial pressure 

(≥ 85 or ≥ 90 mmHg) predicted transient hypertension rather than preeclampsia 
34-36 and that pregnant women with diastolic blood pressures of 70 mmHg or less, or 
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mean arterial pressure of 80 mmHg or less in the second trimester have a small risk of 

developing preeclampsia.38

Unanswered questions, future research and implications

When deciding on whether a predictive test should be applied in clinical practice several 

things need to be considered: the prevalence of the disease and the predictive accuracy of 

the test, the cost of the test and the acceptability to patients, and the treatments available 

for the disease in question. Preeclampsia is a disease with relatively low prevalence. A 

clinically useful test would need to have a great area under the curve (preferably > 0.80) 

or high positive likelihood ratio (> 10) and low negative likelihood ratio (< 0.10).40 From 

the results of this review mean arterial pressure shows the greatest predictive accuracy in 

both first and second trimesters, with a relatively small likelihood ratio (positive likelihood 

ratio 3.5; negative likelihood ratio 0.46). In clinical practice measurement of mean 

arterial pressure at the first antenatal visit may improve the accuracy for estimating risk 

of preeclampsia. Although it will probably not make a clinical impact in isolation, it is 

highly likely that the prediction of preeclampsia will evolve through the development of 

algorithms that possibly include clinical, biophysical and biochemical markers. Recently, 

the authors of a large prospective study concluded that maternal variables, together 

with mean arterial pressure at 11+0 to 13+6 weeks, identify a group at high risk for 

preeclampsia.41 Our data cannot rationalise current obstetrical practice of repeated 

blood pressure measurements during the first and second trimester in healthy women 

with a normal blood pressure at the first antenatal visit. A formal cost utility analysis is 

needed.

Women can experience unnecessary anxiety when being identified at risk of preeclampsia 

after an antenatal test. At present no pharmacological treatment or management strategy 

(for example, regular ultrasound scanning, early delivery) has been shown to effectively 

prevent the development of preeclampsia. Early antihypertensive treatment has been 

shown to only prevent severe hypertension, not any other complication. Research into 

aspirin as a treatment has, however, shown a modest preventive effect (relative risks of 

0.9 for preeclampsia and 0.9 for fetal growth restriction42) in the absence of any serious 

side effects. Aspirin is a cheap and readily available preventive treatment. In this instance 

a false negative test result is potentially more harmful than a false positive test result.

It is imperative to differentiate between mild and severe disease, because early or severe 

preeclampsia is associated with raised rates of maternal morbidity and mortality and with 

pronounced risks for the fetus, such as severe fetal growth restriction.2;43 Future research 

should also concentrate on the development of algorithms that combine biochemical 

and biophysical markers, including blood pressure measurement – a diagnostic process 
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used in clinical care. These may help improve the predictive accuracy of the tests to 

clinically important values. 
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Appendix 1 

Search strategies to identify articles on blood pressure measurement used 
to predict preeclampsia
The overall search strategy on prediction of preeclampsia is previously published in a 

protocol.1 For this review we identified citations on blood pressure measurement in the 

established Reference Manager 11.0 database using the following terms in keywords, 

titles, and abstract: 
{dinamap} OR {dynamap} OR OR {mercury} OR {oscill\*} OR {Auscultat\*} OR {Automat\*} 

OR {Sphygmomanom\*} OR {Mercury} OR {Ambulatory Monitoring} OR OR OR {finapres} 

OR {finger arterial pressure waveform} OR {Blood Pressure Determination} OR {Blood Pressure 

Measurement} OR {Blood Pressure Monitoring\*} OR {Blood Pressure Monitor}

Additional search in PubMED

1. (((“Sphygmomanometers”[MeSH]) OR (“Blood Pressure Determination”[MeSH]) OR 
(“Blood Pressure”[MeSH:noexp])) AND ((“Hypertension, Pregnancy-Induced”[MeSH]) 
OR (“Pregnancy Complications, Cardiovascular”[MeSH] AND Humans[Mesh]))) AND 
(predict*[tiab] OR predictive value of tests[mh] OR scor*[tiab] OR observ*[tiab] OR 
observer variation[mh])

2. Search (((“Sphygmomanometers”[MeSH]) OR (“Blood Pressure Determination”[MeSH]) 
OR (“Blood Pressure”[MeSH:noexp])) AND ((“Hypertension, Pregnancy-Induced”[MeSH]) 
OR (“Pregnancy Complications, Cardiovascular”[MeSH] AND Humans[Mesh]))) NOT 
(((((“Sphygmomanometers”[MeSH]) OR (“Blood Pressure Determination”[MeSH]) OR 
(“Blood Pressure”[MeSH:noexp])) AND ((“Hypertension, Pregnancy-Induced”[MeSH]) 
OR (“Pregnancy Complications, Cardiovascular”[MeSH] AND Humans[Mesh]))) AND 
Letter[ptyp]) OR ((((“Sphygmomanometers”[MeSH]) OR (“Blood Pressure Determination 
”[MeSH]) OR (“Blood Pressure”[MeSH:noexp])) AND ((“Hypertension, Pregnancy-
Induced”[MeSH]) OR (“Pregnancy Complications, Cardiovascular”[MeSH] AND 
Humans[Mesh]))) AND Editorial[ptyp]) OR ((((“Sphygmomanometers”[MeSH]) OR (“Blood 
Pressure Determination”[MeSH]) OR (“Blood Pressure”[MeSH:noexp])) AND ((“Hypertension, 
Pregnancy-Induced”[MeSH]) OR (“Pregnancy Complications, Cardiovascular”[MeSH] 
AND Humans[Mesh]))) AND Review[ptyp]) OR ((((“Sphygmomanometers”[MeSH]) 
OR (“Blood Pressure Determination”[MeSH]) OR (“Blood Pressure”[MeSH:noexp])) 
AND ((“Hypertension, Pregnancy-Induced”[MeSH]) OR (“Pregnancy Complications, 
Cardiovascular”[MeSH] AND Humans[Mesh]))) AND Practice Guideline[ptyp]))

3. #2 NOT #1

Reference List

 (1)  Cnossen JS, van der Post JA, Mol BW, Khan KS, Meads CA, Ter RG. Prediction of pre-eclampsia: 

a protocol for systematic reviews of test accuracy. BMC Pregnancy Childbirth 2006; 6:29.
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Appendix 2 

QUADAS (quality assessment of diagnostic accuracy studies) criteria used to assess the 
methodological quality of studies of blood pressure measurement used to predict pre-eclampsia
QUADAS question Study characteristics and methods required to 

meet criterion

1. Was the spectrum of patients representative of 
the patients who will receive the test in practice? 
(spectrum bias)

Pregnant women, consecutively recruited; study 
has prospective design. Patients with chronic 
hypertension, insulin dependent diabetes mellitus, 
chronic renal disease, autoimmune disorders (AID), 
multiple pregnancies, or history of pre-eclampsia; 
so called ‘high risk’ patients

2. Were patient selection criteria clearly described? 
(selection bias) 

Information is available on at least 5 of the 
following factors: chronic hypertension, insulin 
dependent diabetes mellitus, chronic renal disease, 
parity, singleton/ multiple pregnancies, previous 
pre-eclampsia, and age

3. Is the reference standard likely to correctly 
classify the target condition?

l	Pre-eclampsia: systolic blood pressure ≥ 140 
mmHg or diastolic blood pressure ≥ 90 mmHg 
plus proteinuria measured as ≥ 0.3 g of protein 
in a 24-hour urine collection or dipstick test result 
≥ 1+ (equivalent to 30 mg/dL in a single urine 
sample)

l	Superimposed pre-eclampsia: proteinuria measured 
as ≥ 0.3 g of protein in a 24-hour urine collection 
or dipstick test result ≥ 1+ after 20 weeks of 
gestation in patients with chronic hypertension

l	Severe pre-eclampsia: systolic blood pressure ≥ 
160 mmHg or diastolic blood pressure ≥ 110 
mmHg plus proteinuria measured as ≥ 2.0 g of 
protein in a 24-hour urine collection or dipstick test 
result ≥ 3+

4. Is the time period between reference standard 
and index test short enough to be reasonably 
sure that the target condition did not change 
between the 2 tests? (disease progression bias)

Not applicable

5. Did the whole sample, or a random selection of 
the sample receive verification using a reference 
standard of diagnosis? (partial verification bias)

All patients or a random selection received 
verification with reference standard (even if 
reference standard not the same for all patients)

6. Did patients receive the same reference 
standard regardless of the index test result? 
(differential verification bias)

All patients received same reference test (this is 
likely because the index test is non-invasive).

7. Was the reference standard independent of the 
index test (i.e. the index test did not form part of 
the reference standard)? (incorporation bias)

The results of the index test are not incorporated in 
the definition of pre-eclampsia

8. Was the execution of the index test described in 
sufficient detail to permit its replication?

Description includes at least seven of the following: 
l	instrument used, (manufacturer), calibration of 

instrument, appropriate cuff, position of patient, left 
or right arm, state of mind (rest), Korotkoff sound 
(IV or V) for DBP, number of measurements (single 
or serial), measurement parameter/ cutoff level

9. Was the execution of the reference standard 
described in sufficient detail to permit its 
replication?

Description includes:
l	Blood pressure: instrument, position of patient, 

Korotkoff sound for diastolic blood pressure 
l	Proteinuria: 24-hour urine collection or use of 

dipstick with cutoff point
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10a. Were the index test results interpreted without 
knowledge of the results of the reference 
standard? (review bias)

Always fulfilled, reference test results not yet 
available when index test is performed (prediction)

10b. Were the reference standard results interpreted 
without knowledge of the results of the index 
test? (review bias)

Relevant statement is included in text (e.g., 
“Assessors were blind to index test results”) 

11. Were the same clinical data available when tests 
results were interpreted as would be available 
when the test is used in practice?

Any information to the patient obtained by direct 
observation (age, symptoms, body mass index) 
normally available when test is interpreted in 
practice was also available when the test was 
interpreted in the study, or data unavailable in 
practice also unavailable during interpretation

12. Were uninterpretable/ intermediate test results 
reported?

All test results are reported, including 
uninterpretable/ intermediate results

13. Were withdrawals from the study explained? It is clear what happened to all patients in study 
(e.g., flow diagram [follow-up])

Supplementary question

14. Was there any preventive intervention? After blood pressure measuerment, patients 
received any of the following: acetylsalicylic acid, 
low-molecular-weight heparin, vitamin C or E, 
antihypertensive medication, saline infusion, oxygen
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Table 1. Characteristics of studies of blood pressure measurement used to predict preeclampsia 
in pregnant women at low or unspecified risk
First author 
(year) 
Country

Gestation
(weeks)

N
(% preeclampsia)

Sensitivity
TP/(TP+FN)

Specificity 
TN/(FP+TN)

Index test 
Threshold
(mmHg)

Details index test Reference standard 
preeclampsia

Population (study design)* 

Ales1 

(1989)
USA

2nd trimester 730 (0.8) 4/6 589/724 MAP ≥ 85 Automated ultrasound device with 
digital readout, seated, average both 
arms, 5min rest, K5

RR ≥ 140/90 mmHg, MAP ≥ 
107 mmHg or increase > 30/15 
mmHg, twice 6h apart after 24 
weeks; proteinuria ++ dipstick or 
> 0.3g/24h

IN: all pregnant women

Atterbury2 
(1996)
USA

2nd trimester 114 (50.0) 30/57 50/57 MAP ≥ 85 Sphygmomanometer, 
Baumonometer, seated, K5

Severe preeclampsia: SBP > 170 
or DBP > 110 mmHg, twice 6h 
apart; proteinuria ++ dipstick; 
(oliguria, cerebral or visual 
disturbances, pulmonary oedema, 
epigastric or right upper quadrant 
pain, HELLP)

IN (cases): gestational age over 
24 weeks, complete records, 
midtrimester blood pressure, 
protein assay 18-22 weeks, severe 
preeclampsia; IN (controls): 
normotensive, delivery after 37 
weeks; 
EX: from control group for any 
medical, obstetrical or fetal 
complications.
(case control)

Conde-
Agudelo3 
(1993)
Argentina

20
26
31

580 (4.0) 11/23
10/23
9/23

334/557
434/557
479/557

MAP > 81
MAP > 85
MAP > 89

4 random-zero 
sphygmomanometers rotating 
among centers, calibrated every 3 
weeks seated, left arm, 10 min rest, 
mean of 5 measurements, K5

SBP ≥ 140 or DBP ≥ 90 mmHg, 
twice 6h apart; proteinuria 0.3g/L

IN: placebogroup of trial on 
calcium supplementation (same 
population as Lopez et al.) 
EX: chronic medical illnesses

Fallis4

(1963) USA
2nd trimester 113 (34.5) 32/39 65/74 MAP > 90 Hypertension + proteinuria IN: primigravid women

Friedman5 
(1977)
USA

17-26 22,582 (3.9) 571/888 13458/21694 MAP ≥ 90 Indirect sphygmomanometer, K4 
or K5

Hypertension + proteinuria IN: unselected population 
(Collaborative Perinatal Project)

Higgins6 
(1997)
Ireland

18-24 984 (2.3) 4/23
3/23
4/23
5/23
4/23
2/23
1/23
2/23
5/23
5/23
4/23
6/23

920/961
940/961
914/961
916/961
919/961
924/961
934/961
926/961
933/961
923/961
931/961
919/961

MAP > 86 (ABPM)
MAP > 86 (clinic)

MAP > 86 (nighttime)
MAP > 86 (daytime)
SBP > 119 (ABPM)

SBP > 119 (nighttime)
SBP > 119 (clinic)

SBP > 119 (daytime)
DBP > 71 (ABPM)

DBP > 71 (nighttime)
DBP > 71 (clinic)

DBP > 71 (daytime)

ABPM, SpaceLabs 90207, every 30 
min, non-dominant arm
Office blood pressure: appropriate 
cuff, seated, relaxed, arm at heart 
level, non-dominant arm

DBP > 90 mmHg twice 4h apart 
or DBP > 110 mmHg once; ≥ + 
dipstick twice 4h apart, no urinary 
tract infection

IN: healthy primigravid women; 
EX: history of hypertension, renal 
and cardiac disease, diabetes 
mellitus

Iwasaki7

(2002)
Japan

1st trimester 1599 (2.8) 44/45
41/45
40/45
29/45

300/1554
621/1554
951/1554
1253/1554

MAP ≥ 74
MAP ≥ 80
MAP ≥ 86
MAP ≥ 92

Non-invasive automated 
measurements (BP-203RV, Nippon 
Colin Co, Tokyo), seated, right arm 
held at heart level

SBP ≥ 140 or DBP ≥ 90 mmHg 
after second trimester; proteinuria ≥ 
0.3g/24h 

IN: singleton pregnancies

Knuist8

(1998)
Netherlands

at booking 2413 (1.4) 16/34
25/34

1684/2379
1107/2379

SBP > 120
DBP > 70

SBP at booking
DBP at booking

DBP > 90 mmHg twice 4h apart, 
after 20 weeks; ≥ ++ dipstick 
twice 4h apart without urinary tract 
infection

IN: all nulliparous, singleton 
pregnancies; 
EX: pre-existing disease (such as 
diabetes, severe hypertension, renal 
disease) or obstetric abnormality 
(such as multiple gestation)

Appendix 3 
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Table 1. Characteristics of studies of blood pressure measurement used to predict preeclampsia 
in pregnant women at low or unspecified risk
First author 
(year) 
Country

Gestation
(weeks)

N
(% preeclampsia)

Sensitivity
TP/(TP+FN)

Specificity 
TN/(FP+TN)

Index test 
Threshold
(mmHg)

Details index test Reference standard 
preeclampsia

Population (study design)* 

Ales1 

(1989)
USA

2nd trimester 730 (0.8) 4/6 589/724 MAP ≥ 85 Automated ultrasound device with 
digital readout, seated, average both 
arms, 5min rest, K5

RR ≥ 140/90 mmHg, MAP ≥ 
107 mmHg or increase > 30/15 
mmHg, twice 6h apart after 24 
weeks; proteinuria ++ dipstick or 
> 0.3g/24h

IN: all pregnant women

Atterbury2 
(1996)
USA

2nd trimester 114 (50.0) 30/57 50/57 MAP ≥ 85 Sphygmomanometer, 
Baumonometer, seated, K5

Severe preeclampsia: SBP > 170 
or DBP > 110 mmHg, twice 6h 
apart; proteinuria ++ dipstick; 
(oliguria, cerebral or visual 
disturbances, pulmonary oedema, 
epigastric or right upper quadrant 
pain, HELLP)

IN (cases): gestational age over 
24 weeks, complete records, 
midtrimester blood pressure, 
protein assay 18-22 weeks, severe 
preeclampsia; IN (controls): 
normotensive, delivery after 37 
weeks; 
EX: from control group for any 
medical, obstetrical or fetal 
complications.
(case control)

Conde-
Agudelo3 
(1993)
Argentina

20
26
31

580 (4.0) 11/23
10/23
9/23

334/557
434/557
479/557

MAP > 81
MAP > 85
MAP > 89

4 random-zero 
sphygmomanometers rotating 
among centers, calibrated every 3 
weeks seated, left arm, 10 min rest, 
mean of 5 measurements, K5

SBP ≥ 140 or DBP ≥ 90 mmHg, 
twice 6h apart; proteinuria 0.3g/L

IN: placebogroup of trial on 
calcium supplementation (same 
population as Lopez et al.) 
EX: chronic medical illnesses

Fallis4

(1963) USA
2nd trimester 113 (34.5) 32/39 65/74 MAP > 90 Hypertension + proteinuria IN: primigravid women

Friedman5 
(1977)
USA

17-26 22,582 (3.9) 571/888 13458/21694 MAP ≥ 90 Indirect sphygmomanometer, K4 
or K5

Hypertension + proteinuria IN: unselected population 
(Collaborative Perinatal Project)

Higgins6 
(1997)
Ireland

18-24 984 (2.3) 4/23
3/23
4/23
5/23
4/23
2/23
1/23
2/23
5/23
5/23
4/23
6/23

920/961
940/961
914/961
916/961
919/961
924/961
934/961
926/961
933/961
923/961
931/961
919/961

MAP > 86 (ABPM)
MAP > 86 (clinic)

MAP > 86 (nighttime)
MAP > 86 (daytime)
SBP > 119 (ABPM)

SBP > 119 (nighttime)
SBP > 119 (clinic)

SBP > 119 (daytime)
DBP > 71 (ABPM)

DBP > 71 (nighttime)
DBP > 71 (clinic)

DBP > 71 (daytime)

ABPM, SpaceLabs 90207, every 30 
min, non-dominant arm
Office blood pressure: appropriate 
cuff, seated, relaxed, arm at heart 
level, non-dominant arm

DBP > 90 mmHg twice 4h apart 
or DBP > 110 mmHg once; ≥ + 
dipstick twice 4h apart, no urinary 
tract infection

IN: healthy primigravid women; 
EX: history of hypertension, renal 
and cardiac disease, diabetes 
mellitus

Iwasaki7

(2002)
Japan

1st trimester 1599 (2.8) 44/45
41/45
40/45
29/45

300/1554
621/1554
951/1554
1253/1554

MAP ≥ 74
MAP ≥ 80
MAP ≥ 86
MAP ≥ 92

Non-invasive automated 
measurements (BP-203RV, Nippon 
Colin Co, Tokyo), seated, right arm 
held at heart level

SBP ≥ 140 or DBP ≥ 90 mmHg 
after second trimester; proteinuria ≥ 
0.3g/24h 

IN: singleton pregnancies

Knuist8

(1998)
Netherlands

at booking 2413 (1.4) 16/34
25/34

1684/2379
1107/2379

SBP > 120
DBP > 70

SBP at booking
DBP at booking

DBP > 90 mmHg twice 4h apart, 
after 20 weeks; ≥ ++ dipstick 
twice 4h apart without urinary tract 
infection

IN: all nulliparous, singleton 
pregnancies; 
EX: pre-existing disease (such as 
diabetes, severe hypertension, renal 
disease) or obstetric abnormality 
(such as multiple gestation)
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Kyle9

(1993)
UK

18
18
28
28
28
28

145 (11.7) 11/17
4/17
15/17
11/17
6/17
2/17

65/128
115/128
54/128
104/128
115/128
125/128

MAP ≥ 80
MAP ≥ 85
MAP ≥ 80
MAP ≥ 85
DBP ≥ 75
DBP ≥ 80

ABPM: TM2420 (Japan), cuff 
size determined by upper arm 
circumference each visit, seated, 
left arm, every 15 min awake/ every 
30min asleep, at least 20/ 8 valid 
readings

increase DBP ≥ 25 mmHg to a 
maximum of DBP ≥ 90 mmHg 
or more; proteinuria ≥ + dipstick 
twice

IN: normotensive, no renal disease 
and not taking medication

Lopez10

(1994)
Argentina

34
34

1167 (3.3) 16/38
10/38

926/1129
1039/1129

DBP K4
DBP K5

4 random-zero sphygmomanometers 
rotating monthly among centers, 
calibration every 3 weeks, 10 
min rest, lateral position, 5 
measurements in each position 
(lateral/ supine/ seated), K4 and K5, 
standardised

DBP ≥ 90 mmHg twice 6h apart; 
proteinuria ≥ 0.3g/L twice 6h 
apart, random urine specimens

IN: nulliparous, singleton 
pregnancies, free of clinical/ 
laboratory evidence of current/
previous diseases, not taking any 
treatment, no history of diabetes 
mellitus, chronic renal disease, and 
normal oral glucose tolerance test 
results (RCT)

Mahanna11 
(1983)
Italy

17-25 210 (4.8) 9/10 185/200 MAP > 90 Twice n.r. IN: unselected; 
EX: chronic hypertension

Moutquin12 
(1986)
Canada

9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28

983 (5.0) 23/49
22/49
16/49
19/49
22/49
15/49
15/49
8/49
10/49
9/49
23/49
28/49
21/49
20/49
21/49
15/49
21/49
9/49
14/49
14/49

786/934
839/934
850/934
872/934
856/934
869/934
902/934
910/934
914/934
915/934
704/934
758/934
797/934
805/934
772/934
814/934
842/934
873/934
867/934
854/934

DBP > 80
DBP > 80
DBP > 80
DBP > 80
DBP > 80
DBP > 85
DBP > 85
DBP > 85
DBP > 85
DBP > 85
SBP > 130
SBP > 130
SBP > 130
SBP > 130
SBP > 130
SBP > 135
SBP > 135
SBP > 135
SBP > 135
SBP > 135

Automated random-zero 
sphygmomanometer (Dinamap 845), 
right arm, seated, 5 min rest, at least 
twice, calibration daily, oscillometric, 
K4

RR ≥ 140/90 mmHg twice ≥ 6h 
apart; proteinuria ≥ + albustix 
twice 6h apart or oedema or serum 
urate levels (>4.6 mg/dL); RR < 
120/80 mmHg 6 weeks postpartum

IN: patients of 3 private 
obstetricians

Moutquin13 
(1992)
Canada

9-12
13-16
17-20
21-24
25-28

224 (6.3) 6/14
6/14
5/14
1/14
4/14

200/210
202/210
206/210
206/210
208/210

DBP ≥ 89
DBP ≥ 89
DBP ≥ 89
DBP ≥ 89
DBP ≥ 89

Automated sphygmomanometer 
(Dinamap 845*, USA), calibrated, 
digital, seated, 5 min rest, twice 2 
min. interval, K4

RR > 140/90 mmHg or increase 
30/15 mmHg twice 6h apart after 
20 weeks; proteinuria 0.3g/L twice 
6h apart

IN: patients of 3 private 
obstetricians; singleton, primi/
multiparity
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Kyle9

(1993)
UK

18
18
28
28
28
28

145 (11.7) 11/17
4/17
15/17
11/17
6/17
2/17

65/128
115/128
54/128
104/128
115/128
125/128

MAP ≥ 80
MAP ≥ 85
MAP ≥ 80
MAP ≥ 85
DBP ≥ 75
DBP ≥ 80

ABPM: TM2420 (Japan), cuff 
size determined by upper arm 
circumference each visit, seated, 
left arm, every 15 min awake/ every 
30min asleep, at least 20/ 8 valid 
readings

increase DBP ≥ 25 mmHg to a 
maximum of DBP ≥ 90 mmHg 
or more; proteinuria ≥ + dipstick 
twice

IN: normotensive, no renal disease 
and not taking medication

Lopez10

(1994)
Argentina

34
34

1167 (3.3) 16/38
10/38

926/1129
1039/1129

DBP K4
DBP K5

4 random-zero sphygmomanometers 
rotating monthly among centers, 
calibration every 3 weeks, 10 
min rest, lateral position, 5 
measurements in each position 
(lateral/ supine/ seated), K4 and K5, 
standardised

DBP ≥ 90 mmHg twice 6h apart; 
proteinuria ≥ 0.3g/L twice 6h 
apart, random urine specimens

IN: nulliparous, singleton 
pregnancies, free of clinical/ 
laboratory evidence of current/
previous diseases, not taking any 
treatment, no history of diabetes 
mellitus, chronic renal disease, and 
normal oral glucose tolerance test 
results (RCT)

Mahanna11 
(1983)
Italy

17-25 210 (4.8) 9/10 185/200 MAP > 90 Twice n.r. IN: unselected; 
EX: chronic hypertension

Moutquin12 
(1986)
Canada

9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28
9-12
13-16
17-20
21-24
25-28

983 (5.0) 23/49
22/49
16/49
19/49
22/49
15/49
15/49
8/49
10/49
9/49
23/49
28/49
21/49
20/49
21/49
15/49
21/49
9/49
14/49
14/49

786/934
839/934
850/934
872/934
856/934
869/934
902/934
910/934
914/934
915/934
704/934
758/934
797/934
805/934
772/934
814/934
842/934
873/934
867/934
854/934

DBP > 80
DBP > 80
DBP > 80
DBP > 80
DBP > 80
DBP > 85
DBP > 85
DBP > 85
DBP > 85
DBP > 85
SBP > 130
SBP > 130
SBP > 130
SBP > 130
SBP > 130
SBP > 135
SBP > 135
SBP > 135
SBP > 135
SBP > 135

Automated random-zero 
sphygmomanometer (Dinamap 845), 
right arm, seated, 5 min rest, at least 
twice, calibration daily, oscillometric, 
K4

RR ≥ 140/90 mmHg twice ≥ 6h 
apart; proteinuria ≥ + albustix 
twice 6h apart or oedema or serum 
urate levels (>4.6 mg/dL); RR < 
120/80 mmHg 6 weeks postpartum

IN: patients of 3 private 
obstetricians

Moutquin13 
(1992)
Canada

9-12
13-16
17-20
21-24
25-28

224 (6.3) 6/14
6/14
5/14
1/14
4/14

200/210
202/210
206/210
206/210
208/210

DBP ≥ 89
DBP ≥ 89
DBP ≥ 89
DBP ≥ 89
DBP ≥ 89

Automated sphygmomanometer 
(Dinamap 845*, USA), calibrated, 
digital, seated, 5 min rest, twice 2 
min. interval, K4

RR > 140/90 mmHg or increase 
30/15 mmHg twice 6h apart after 
20 weeks; proteinuria 0.3g/L twice 
6h apart

IN: patients of 3 private 
obstetricians; singleton, primi/
multiparity
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Moutquin14 
(1990)
Canada

9-12

13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36

751 (5.9) 12/44

27/44
30/44
27/44
28/44
29/44
15/44
9/44
19/44
24/44
23/44
21/44
24/44
8/44
8/44
16/44
23/44
17/44
16/44
16/44
7/44
3/44
10/44
8/44
5/44
7/44
8/44
3/44

625/707

449/707
365/707
363/707
304/707
467/707
535/707
658/707
558/707
491/707
531/707
532/707
590/707
637/707
677/707
598/707
559/707
591/707
602/707
626/707
655/707
703/707
679/707
670/707
680/707
687/707
692/707
693/707

increase DBP > 10
(every 4 weeks reference 

period)
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
Increase SBP > 30

Automated random-zero 
sphygmomanometer with digital 
dysplay (Dinamap 845, USA), 
oscillometric, daily calibration, 
seated, 5 min rest, twice 2 min. 
intervals, K4

RR > 140/90 mmHg twice 6h 
apart; proteinuria ≥ + dipstick 
twice 6h apart or generalised 
oedema; RR < 120/80 mmHg 6 
weeks postpartum

IN:primiparae; 
EX: gestational hypertension, 
chronic hypertension, liver disease 
and hypertension, 

Odegard15 
(2000)
Norway

first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)

906 (34.2) 274/310
201/310
85/310
304/311
237/311
93/311

125/596
323/596
527/596
32/596
387/596
455/596

SBP > 110
SBP > 120
SBP > 130
DBP > 60
DBP > 70
DBP > 80

SBP/ DBP DBP > 90 mmHg in addition to 
increase > 25 mmHg or when 
baseline DBP > 90 mmHg then 
increase > 15 mmHg; proteinuria 
≥ + dipstick (= 0.3g/L)

IN: Norwegian Medical Birth 
Registry, delivered in Rogaland 
Central Hospital (nested case 
control)

Ohkuchi16 
(2003)
Japan

1st trimester 1498 (7.3) 36/110 1155/1388 Increase SBP/DBP >30/15 Noninvasive automated 
measurement (BP-203RV II, Japan), 
seated, right arm at heart level, K5

SBP ≥ 140 or DBP ≥ 90 mmHg 
twice; proteinuria + dipstick twice 
or ++ dipstick once or > 0.3g/24h

IN: normotensive, non-proteinuric

Oney17 
(1983)
Germany

18-26 200 (10.5) 19/21 113/179 MAP ≥ 90 Auscultatory blood pressure 
mearsurements, 10 min rest

SBP ≥ 140 or DBP ≥ 90 mmHg 
twice 6h apart after 24 weeks 
gestation; proteinuria ≥ 0.3g/24h

IN: normotensive, nulliparous 
women; EX: cardiovascular disease, 
urinary infection

Oney18 
(1982)
Germany

18-26 108 (13.9) 14/15 46/93 MAP > 90 n.r. Gestose index n.r.

Page19

(1976)
2nd trimester
2nd trimester
2nd trimester
2nd trimester
2nd trimester

14833 (2.7) 375/399
337/399
265/399
174/399
100/399

3353/14434
6500/14434
10008/14434
12594/14434
13848/14434

MAP ≥ 75
MAP ≥ 80
MAP ≥85
MAP ≥ 90
MAP ≥ 95

n.r. Hypertension; proteinuria ≥ ++ 
dipstick or oedema

IN: patients of Child Health and 
Development Studies (California)

Reiss20 

(1987)
USA

2nd trimester
2nd trimester

60 (50.0) 6/30
4/30

28/30
28/30

MAP > 75
MAP > 80

Right arm, resting in left lateral 
recumbent position, K4

rise DBP > 15 mmHg; proteinuria 
≥ + dipstick

IN: hypertensive cases, controls 
matched for age, race gravidity, 
parity, an approximate delivery date 
(case control)

Robrecht21 
(1980)
Germany

14-28
14-28

285 (19.6) 50/56
35/56

156/229
204/229

MAP ≥ 85
MAP > 90

n.r. Gestose index ≥ 1: RR > 140/90 
mmHg, proteinuria ≥ 0.5g/24h, 
pretibial oedema

n.r.
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Moutquin14 
(1990)
Canada

9-12

13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36
9-12
13-16
17-20
21-24
25-28
29-32
33-36

751 (5.9) 12/44

27/44
30/44
27/44
28/44
29/44
15/44
9/44
19/44
24/44
23/44
21/44
24/44
8/44
8/44
16/44
23/44
17/44
16/44
16/44
7/44
3/44
10/44
8/44
5/44
7/44
8/44
3/44

625/707

449/707
365/707
363/707
304/707
467/707
535/707
658/707
558/707
491/707
531/707
532/707
590/707
637/707
677/707
598/707
559/707
591/707
602/707
626/707
655/707
703/707
679/707
670/707
680/707
687/707
692/707
693/707

increase DBP > 10
(every 4 weeks reference 

period)
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 10
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase DBP > 15
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 20
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
increase SBP > 30
Increase SBP > 30

Automated random-zero 
sphygmomanometer with digital 
dysplay (Dinamap 845, USA), 
oscillometric, daily calibration, 
seated, 5 min rest, twice 2 min. 
intervals, K4

RR > 140/90 mmHg twice 6h 
apart; proteinuria ≥ + dipstick 
twice 6h apart or generalised 
oedema; RR < 120/80 mmHg 6 
weeks postpartum

IN:primiparae; 
EX: gestational hypertension, 
chronic hypertension, liver disease 
and hypertension, 

Odegard15 
(2000)
Norway

first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)
first visit (< 18)

906 (34.2) 274/310
201/310
85/310
304/311
237/311
93/311

125/596
323/596
527/596
32/596
387/596
455/596

SBP > 110
SBP > 120
SBP > 130
DBP > 60
DBP > 70
DBP > 80

SBP/ DBP DBP > 90 mmHg in addition to 
increase > 25 mmHg or when 
baseline DBP > 90 mmHg then 
increase > 15 mmHg; proteinuria 
≥ + dipstick (= 0.3g/L)

IN: Norwegian Medical Birth 
Registry, delivered in Rogaland 
Central Hospital (nested case 
control)

Ohkuchi16 
(2003)
Japan

1st trimester 1498 (7.3) 36/110 1155/1388 Increase SBP/DBP >30/15 Noninvasive automated 
measurement (BP-203RV II, Japan), 
seated, right arm at heart level, K5

SBP ≥ 140 or DBP ≥ 90 mmHg 
twice; proteinuria + dipstick twice 
or ++ dipstick once or > 0.3g/24h

IN: normotensive, non-proteinuric

Oney17 
(1983)
Germany

18-26 200 (10.5) 19/21 113/179 MAP ≥ 90 Auscultatory blood pressure 
mearsurements, 10 min rest

SBP ≥ 140 or DBP ≥ 90 mmHg 
twice 6h apart after 24 weeks 
gestation; proteinuria ≥ 0.3g/24h

IN: normotensive, nulliparous 
women; EX: cardiovascular disease, 
urinary infection

Oney18 
(1982)
Germany

18-26 108 (13.9) 14/15 46/93 MAP > 90 n.r. Gestose index n.r.

Page19

(1976)
2nd trimester
2nd trimester
2nd trimester
2nd trimester
2nd trimester

14833 (2.7) 375/399
337/399
265/399
174/399
100/399

3353/14434
6500/14434
10008/14434
12594/14434
13848/14434

MAP ≥ 75
MAP ≥ 80
MAP ≥85
MAP ≥ 90
MAP ≥ 95

n.r. Hypertension; proteinuria ≥ ++ 
dipstick or oedema

IN: patients of Child Health and 
Development Studies (California)

Reiss20 

(1987)
USA

2nd trimester
2nd trimester

60 (50.0) 6/30
4/30

28/30
28/30

MAP > 75
MAP > 80

Right arm, resting in left lateral 
recumbent position, K4

rise DBP > 15 mmHg; proteinuria 
≥ + dipstick

IN: hypertensive cases, controls 
matched for age, race gravidity, 
parity, an approximate delivery date 
(case control)

Robrecht21 
(1980)
Germany

14-28
14-28

285 (19.6) 50/56
35/56

156/229
204/229

MAP ≥ 85
MAP > 90

n.r. Gestose index ≥ 1: RR > 140/90 
mmHg, proteinuria ≥ 0.5g/24h, 
pretibial oedema

n.r.
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Rogers22 
(1994)
HongKong

18-26 220 (6.8) 14/15 125/205 MAP > 68 Dinamap 845A (Critikon Inc), 5-10 
min rest in left lateral recumbent 
position, SBP, DBP and MAP were 
measured in right arm, resting on 
patients side, 1 min. intervals until 
stabilisation of blood pressure 

RR ≥ 140/90 mmHg twice 4h 
apart; proteinuria ≥ ++ dipstick 
twice (=0.3g/L)

IN: normotensive, primigravid 
women. 
EX: congenital malformations

Shaarawy23 
(2000)
Egypt

2nd trimester 76 (40.8) 16/31 22/45 MAP > 80 Mild preeclampsia: SBP ≥ 140 or 
increase ≥ 30 mmHg systolic or 
DBP ≥ 90 or increase > 15 mmHg 
over baseline in first 20 weeks, 
proteinuria ≥ 0.3g/24h. 
Severe preeclampsia: SBP ≥ 160 
or DBP ≥ 110 mmHg, proteinuria 
≥ 5.0g/24h (oliguria, cerebral or 
visual disturbances, epigastric pain, 
pulmonary oedema)

IN: random selection; 
EX: history of chronic hypertension, 
diabetes, renal disease, RR 
> 140/90 mmHg at time of 
registration, evidence of proteinuria

Sibai24 

(1997)
USA

13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21

4314 (7.6) 315/326
281/326
230/326
147/326
75/326
34/326
291/326
264/326
189/326
122/326
37/326

451/3988
1116/3988
1937/3988
2847/3988
3385/3988
3797/3988
675/3988
1148/3988
2416/3988
3121/3988
3714/3988

SBP > 95
SBP > 100
SBP > 105
SBP > 110
SBP > 115
SBP > 120
DBP > 50
DBP > 55
DBP > 60
DBP > 65
DBP > 70

Mercury sphygmomanometer, 
seated, 2 measurements, 1 min 
apart, mainly K5

DBP ≥ 90 mmHg; proteinuria ≥ + 
dipstick or ≥ 0.3g/24h 

IN: healthy nulliparous women, no 
medical or obstetrical complications 
(RCT)

Stamilio25 
(2000)
USA

1st trimester
24-28

1998 (2.5) 17/49
14/49

1717/1949
1731/1949

MAP > 90
MAP > 90

Screening Severe preeclampsia: SBP > 160 
or DBP < 110 mmHg; proteinuria 
≥ +++ dipstick or ≥ 0.3g/24h 
(oliguria, cerebral or visual 
disturbances, epigastric pain, 
pulmonary oedema/ cyanosis)

IN: all singleton pregnancies who 
underwent 2nd trimester triple 
screening

Tranquilli26 
(2000)
Italy

24-30 75 (18.7) 14/14 27/61 ABPM positive SpaceLabs 90207 (USA), 24h, 
oscillometric, every 30 minutes

RR > 140/90 mmHg; significant 
proteinuria

IN: primigravid women, 
normotensive; 
EX: history of chronic hypertension, 
fetal/ chromosomal abnormalities

Villar27 
(1989)
USA

13-27
13-27
13-27
13-27

700 (19.6)
700

554 (18.1)
700

53/137
30/137
23/100
11/137

450/563
503/563
422/563
527/563

increase DBP ≥ 15
increase SBP ≥ 30

increase SBP/DBP ≥ 30/15
MAP ≥ 90

n.r. RR ≥ 140/90 mmHg twice ≥ 6h 
apart or increase 30/15 mmHg; 
proteinuria.

IN: young normotensive primigravid 
women

* Studies are cohort studies unless otherwise stated (case control or randomised controlled trial 
(RCT)). TP true positives; FP false positives; FN false negatives; TN true negatives; SBP systolic 
blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure (calculated as 
(SBP+2*DBP)/3); ABPM ambulatory blood pressure monitoring; h hour; IN included; EX excluded.
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Rogers22 
(1994)
HongKong

18-26 220 (6.8) 14/15 125/205 MAP > 68 Dinamap 845A (Critikon Inc), 5-10 
min rest in left lateral recumbent 
position, SBP, DBP and MAP were 
measured in right arm, resting on 
patients side, 1 min. intervals until 
stabilisation of blood pressure 

RR ≥ 140/90 mmHg twice 4h 
apart; proteinuria ≥ ++ dipstick 
twice (=0.3g/L)

IN: normotensive, primigravid 
women. 
EX: congenital malformations

Shaarawy23 
(2000)
Egypt

2nd trimester 76 (40.8) 16/31 22/45 MAP > 80 Mild preeclampsia: SBP ≥ 140 or 
increase ≥ 30 mmHg systolic or 
DBP ≥ 90 or increase > 15 mmHg 
over baseline in first 20 weeks, 
proteinuria ≥ 0.3g/24h. 
Severe preeclampsia: SBP ≥ 160 
or DBP ≥ 110 mmHg, proteinuria 
≥ 5.0g/24h (oliguria, cerebral or 
visual disturbances, epigastric pain, 
pulmonary oedema)

IN: random selection; 
EX: history of chronic hypertension, 
diabetes, renal disease, RR 
> 140/90 mmHg at time of 
registration, evidence of proteinuria

Sibai24 

(1997)
USA

13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21
13-21

4314 (7.6) 315/326
281/326
230/326
147/326
75/326
34/326
291/326
264/326
189/326
122/326
37/326

451/3988
1116/3988
1937/3988
2847/3988
3385/3988
3797/3988
675/3988
1148/3988
2416/3988
3121/3988
3714/3988

SBP > 95
SBP > 100
SBP > 105
SBP > 110
SBP > 115
SBP > 120
DBP > 50
DBP > 55
DBP > 60
DBP > 65
DBP > 70

Mercury sphygmomanometer, 
seated, 2 measurements, 1 min 
apart, mainly K5

DBP ≥ 90 mmHg; proteinuria ≥ + 
dipstick or ≥ 0.3g/24h 

IN: healthy nulliparous women, no 
medical or obstetrical complications 
(RCT)

Stamilio25 
(2000)
USA

1st trimester
24-28

1998 (2.5) 17/49
14/49

1717/1949
1731/1949

MAP > 90
MAP > 90

Screening Severe preeclampsia: SBP > 160 
or DBP < 110 mmHg; proteinuria 
≥ +++ dipstick or ≥ 0.3g/24h 
(oliguria, cerebral or visual 
disturbances, epigastric pain, 
pulmonary oedema/ cyanosis)

IN: all singleton pregnancies who 
underwent 2nd trimester triple 
screening

Tranquilli26 
(2000)
Italy

24-30 75 (18.7) 14/14 27/61 ABPM positive SpaceLabs 90207 (USA), 24h, 
oscillometric, every 30 minutes

RR > 140/90 mmHg; significant 
proteinuria

IN: primigravid women, 
normotensive; 
EX: history of chronic hypertension, 
fetal/ chromosomal abnormalities

Villar27 
(1989)
USA

13-27
13-27
13-27
13-27

700 (19.6)
700

554 (18.1)
700

53/137
30/137
23/100
11/137

450/563
503/563
422/563
527/563

increase DBP ≥ 15
increase SBP ≥ 30

increase SBP/DBP ≥ 30/15
MAP ≥ 90

n.r. RR ≥ 140/90 mmHg twice ≥ 6h 
apart or increase 30/15 mmHg; 
proteinuria.

IN: young normotensive primigravid 
women

* Studies are cohort studies unless otherwise stated (case control or randomised controlled trial 
(RCT)). TP true positives; FP false positives; FN false negatives; TN true negatives; SBP systolic 
blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure (calculated as 
(SBP+2*DBP)/3); ABPM ambulatory blood pressure monitoring; h hour; IN included; EX excluded.
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Table 2 Characteristics of studies of blood pressure measurement used to predict preeclampsia 
in pregnant women at high risk 
First author 
(year) 
Country

Gestation
(weeks)

N
(% preeclampsia)

Sensitivity
TP/(TP+FN)

Specificity TN/
(FP+TN)

Index test 
Threshold 
(mmHg)

Details index test Reference standard 
preeclampsia

Population (study design)* 

Bar28 

(1999)
Israel

14-28 60 (26.7) 13/16 34/44 ABPM 
RR ≥135/85

(mean daytime)

ABPM: SpaceLabs 90202 (USA), 
non-dominant arm, every 30 min;
White coat hypertension: standard 
mercury sphygmomanometer, 
seated, larger bladder for arms 
larger than 32 cm, mean of 3 
measurements, right arm, being 
supine for 10min, K5

Increase > 25 mmHg with a 
maximum value of DBP > 90 
mmHg; proteinuria ≥ 0.3g/24h

IN: women with high blood pressure 
were referred from community 
clinics; 
EX: women with normal blood 
pressure levels

Caritis29 
(1998)
USA

13-26
13-26

2503 (19.8) 445/495
319/485

459/2018
1154/2018

MAP > 75 
(baseline)
MAP > 85
(baseline)

Seated, K5 SBP ≥ 140 or DBP ≥ 90 mmHg 
twice > 4h apart; ≥ ++ dipstick 
twice or ≥ 0.3g/24h without urinary 
tract infection

IN: type 1 diabetes, chronic 
hypertension, multiple pregnancies, 
previous preeclampsia (RCT)

Konijnenberg30 
(1997)
Netherlands

13-20 244 (7.0) 12/17 170/227 DBP ≥ 75 first antenatal DBP, standard 
sphygmomanometer

DBP ≥ 90 mmHg; proteinuria 
≥ 0.3g/24h

IN: women with increased risk: 
multiple pregnancies, known 
pre-existing diseases such as 
hypertension, diabetes mellitus, 
vasculitis, history of preeclampsia or 
fetal growth restriction not caused 
by congenital malformations or 
infectious fetal diseases

Lauszus31 (2001)
Denmark

1st trimester 87 (28.7) 17/25 43/62 RR >122/74 SpaceLabs 90207 (Redmond USA) 
oscillometry, cuff insufflation every 
20 min from 6-23 hrs and every 
hour during night, non-dominant 
arm, average of 3 oscillometric 
and 3 auscultatory (random-zero 
sphygmomanometer (Haweeksley, 
Lancing UK)) measurements. Mean 
of day- and nighttime measurements

DBP ≥ 90 mmHg; proteinuria 
≥ 0.3g/24h

IN: pregestational type 1 diabetes 
patients

Penny32

 (1998)
UK

> 20 (median 36)
> 20 (median 36)
> 20 (median 36)
> 20 (median 36)

347 (3.7)
270 (3.3)
347 (3.7)
270 (3.3)

4/13
4/9
5/13
5/9

260/334
176/261
234/334
156/261

SBP > 140
SBP > 135
DBP > 90
DBP > 85

Standardised obstetric day unit 
(ODU) assessment with up to 5 
measurements, trained observer, 30 
min intervals, conventional mercury 
sphygmomanometer, K5, seated, 
encouraged to rest.      
ABPM: SpaceLabs 90207, 24hr, 
every 30 min ODU ABPM

RR > 140/90 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR> 135/85 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR > 140/90 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR > 135/85 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h

IN: chronic hypertensive patients 
without antihypertensive treatment 
(proteinuria >2 weeks after index 
test measurement)

Perini33 
(2004)
Italy

21-35,4 22 (27.3) 5/6 9/16 MESOR  diastolic 
≥ 68

24h, every 30 min, diastolic midline 
estimating statistic of rhythm 
(MESOR)

SBP ≥ 140 or DBP ≥ 90 mmHg; 
proteinuria ≥ 0.3g/24h

IN: 17 patients with increased 
resistance index (> 0.62); 5 patients 
with history of preeclampsia

Valensise34 
(1995)
Italy

21-29 
(mean 24,6)

48 (2.0) 1/1 30/47 DBP > 68 ABPM, Space labs 90207 (USA),  
appriopriate cuff, oscillometric, 
self-calibrating, every 15 min 8-22h/ 
every 30min 20-8h, mean diastolic 
blood pressure (M24h DBP)

DBP > 90 mmHg twice consecutive 
4h apart; proteinuria ≥ 0.3g/24h

IN: healthy at recruitment, 
normotensive, high uterine artery 
resistance index; 
EX: chronic hypertension, 
diabetes, renal disease, fetal 
abnormality, fetal growth restriction, 
oligohydramnios

* Studies are cohort studies unless otherwise stated (case control or randomised controlled trial 
(RCT)). TP true positives; FP false positives; FN false negatives; TN true negatives; SBP systolic 
blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure (calculated as 
(SBP+2*DBP)/3); ABPM ambulatory blood pressure monitoring; h hour; IN included; EX excluded.
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Table 2 Characteristics of studies of blood pressure measurement used to predict preeclampsia 
in pregnant women at high risk 
First author 
(year) 
Country

Gestation
(weeks)

N
(% preeclampsia)

Sensitivity
TP/(TP+FN)

Specificity TN/
(FP+TN)

Index test 
Threshold 
(mmHg)

Details index test Reference standard 
preeclampsia

Population (study design)* 

Bar28 

(1999)
Israel

14-28 60 (26.7) 13/16 34/44 ABPM 
RR ≥135/85

(mean daytime)

ABPM: SpaceLabs 90202 (USA), 
non-dominant arm, every 30 min;
White coat hypertension: standard 
mercury sphygmomanometer, 
seated, larger bladder for arms 
larger than 32 cm, mean of 3 
measurements, right arm, being 
supine for 10min, K5

Increase > 25 mmHg with a 
maximum value of DBP > 90 
mmHg; proteinuria ≥ 0.3g/24h

IN: women with high blood pressure 
were referred from community 
clinics; 
EX: women with normal blood 
pressure levels

Caritis29 
(1998)
USA

13-26
13-26

2503 (19.8) 445/495
319/485

459/2018
1154/2018

MAP > 75 
(baseline)
MAP > 85
(baseline)

Seated, K5 SBP ≥ 140 or DBP ≥ 90 mmHg 
twice > 4h apart; ≥ ++ dipstick 
twice or ≥ 0.3g/24h without urinary 
tract infection

IN: type 1 diabetes, chronic 
hypertension, multiple pregnancies, 
previous preeclampsia (RCT)

Konijnenberg30 
(1997)
Netherlands

13-20 244 (7.0) 12/17 170/227 DBP ≥ 75 first antenatal DBP, standard 
sphygmomanometer

DBP ≥ 90 mmHg; proteinuria 
≥ 0.3g/24h

IN: women with increased risk: 
multiple pregnancies, known 
pre-existing diseases such as 
hypertension, diabetes mellitus, 
vasculitis, history of preeclampsia or 
fetal growth restriction not caused 
by congenital malformations or 
infectious fetal diseases

Lauszus31 (2001)
Denmark

1st trimester 87 (28.7) 17/25 43/62 RR >122/74 SpaceLabs 90207 (Redmond USA) 
oscillometry, cuff insufflation every 
20 min from 6-23 hrs and every 
hour during night, non-dominant 
arm, average of 3 oscillometric 
and 3 auscultatory (random-zero 
sphygmomanometer (Haweeksley, 
Lancing UK)) measurements. Mean 
of day- and nighttime measurements

DBP ≥ 90 mmHg; proteinuria 
≥ 0.3g/24h

IN: pregestational type 1 diabetes 
patients

Penny32

 (1998)
UK

> 20 (median 36)
> 20 (median 36)
> 20 (median 36)
> 20 (median 36)

347 (3.7)
270 (3.3)
347 (3.7)
270 (3.3)

4/13
4/9
5/13
5/9

260/334
176/261
234/334
156/261

SBP > 140
SBP > 135
DBP > 90
DBP > 85

Standardised obstetric day unit 
(ODU) assessment with up to 5 
measurements, trained observer, 30 
min intervals, conventional mercury 
sphygmomanometer, K5, seated, 
encouraged to rest.      
ABPM: SpaceLabs 90207, 24hr, 
every 30 min ODU ABPM

RR > 140/90 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR> 135/85 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR > 140/90 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h
RR > 135/85 mmHg; proteinuria 
≥ ++ dipstick or ≥ 0.5g/24h

IN: chronic hypertensive patients 
without antihypertensive treatment 
(proteinuria >2 weeks after index 
test measurement)

Perini33 
(2004)
Italy

21-35,4 22 (27.3) 5/6 9/16 MESOR  diastolic 
≥ 68

24h, every 30 min, diastolic midline 
estimating statistic of rhythm 
(MESOR)

SBP ≥ 140 or DBP ≥ 90 mmHg; 
proteinuria ≥ 0.3g/24h

IN: 17 patients with increased 
resistance index (> 0.62); 5 patients 
with history of preeclampsia

Valensise34 
(1995)
Italy

21-29 
(mean 24,6)

48 (2.0) 1/1 30/47 DBP > 68 ABPM, Space labs 90207 (USA),  
appriopriate cuff, oscillometric, 
self-calibrating, every 15 min 8-22h/ 
every 30min 20-8h, mean diastolic 
blood pressure (M24h DBP)

DBP > 90 mmHg twice consecutive 
4h apart; proteinuria ≥ 0.3g/24h

IN: healthy at recruitment, 
normotensive, high uterine artery 
resistance index; 
EX: chronic hypertension, 
diabetes, renal disease, fetal 
abnormality, fetal growth restriction, 
oligohydramnios

* Studies are cohort studies unless otherwise stated (case control or randomised controlled trial 
(RCT)). TP true positives; FP false positives; FN false negatives; TN true negatives; SBP systolic 
blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure (calculated as 
(SBP+2*DBP)/3); ABPM ambulatory blood pressure monitoring; h hour; IN included; EX excluded.
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ABSTRACT

Objective 
The aim of this study was to validate the hyperbaric index (HBI) for first trimester prediction 

of preeclampsia and gestational hypertension. 

Methods 

Participants were low-risk and high-risk nulliparous women and high-risk multiparous 

women, and were recruited between April 2004 and June 2006. At a gestational age of 

9 weeks (range 8 – 11 weeks), blood pressure was measured first by sphygmomanometry 

and thereafter by ambulatory blood pressure measurement (ABPM) for 48 h. The first 

90 low-risk women who had an uneventful pregnancy formed the reference group for 

calculation of a time-specified tolerance interval with 90% confidence limits. In the 

validation group, consisting of the remaining women, the HBI was calculated as the 

time-specified blood pressure excess over this tolerance limit for SBP, DBP and mean 

arterial pressure.

Results 

The validation group contained 101 women. Fifteen developed preeclampsia and 13 

gestational hypertension. For preeclampsia the maximum HBI had the best predictive 

capacity with a sensitivity of 73 % and a specificity of 86 %. However, the difference 

with standard ABPM measurement or sphygmomanometry was small with a sensitivity 

between 75 % and 73 % and a specificity between 86 % and 95 %. The predictive efficacy 

for gestational hypertension predictive capacity was poor with all methods (sensitivity 

between 54 % and 77 %, specificity between 41 % and 78 %).

Conclusion 

Standardized sphygmomanometry, ABPM measurement and the hyperbaric index 

calculated from 48 h ABPM had a comparable, restricted predictive efficacy. The 

high predictive value of hyperbaric index as observed in earlier studies could not be 

reproduced.
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INTRODUCTION

Preeclampsia is one of the main causes of maternal and fetal morbidity and mortality 

worldwide. 1 The exact pathophysiology is unknown despite extensive research. Many 

hypotheses have been proposed and rejected. Although preeclampsia is usually 

diagnosed in the second half of pregnancy, it is hypothesized that the disease originates 

early in pregnancy with defective placentation.2 Early selection of women at high risk 

for this condition could offer the opportunity to target care at those most likely to benefit 

and to evaluate or design preventive strategies. However, currently available diagnostic 

tests have limited predictive efficacy with likelihood ratio’s for a positive test of 2-5 and 

likelihood ratio for a negative test of 0.2–0.8.2-4 

Blood pressure measurement as a predictive tool has been the focus of research for many 

years. Although women who will develop preeclampsia later in pregnancy have a slightly 

higher blood pressure in the beginning of pregnancy5-7 the discriminative capacity of blood 

pressure is disappointing, irrespective of blood pressure measurement technique. 4;6;7 

Ambulatory blood pressure measurement (APBM) is a well known technique for the 

diagnosis and treatment evaluation of hypertension in nonpregnant women. ABPM 

correlates better with hypertension-related organ damage and cardiovascular events 

than office blood pressure.8 Using ABPM, a higher blood pressure was observed in 

mid-pregnancy in women who later experienced the development of preeclampsia or 

gestational hypertension. Although the predictive efficacy of ABPM was higher than 

standard blood pressure measurement the predictive capacity appeared to low to be 

useful in daily clinical practice.6;9-11 

Most studies regarding the prediction of preeclampsia or gestational hypertension 

present 24-h means. Although some studies report that diurnal differences can be used 

for assessing disease severity, usefulness for prediction has not been reported.12;13 A 

more sophisticated technique for evaluation of ABPM was presented by Hallberg et al., 

using the hyperbaric index (HBI).14 HBI was calculated as the amount of blood pressure 

excess during the measurement period above a 90% tolerance limit expressed as mmHg 

multiplied by hour. Studies by Hermida et al. evaluated HBI as a test for prediction 

of preeclampsia and gestational hypertension.15-18 These studies observed a sensitivity 

of 94% and a specificity of 100% using HBI calculation from 48-h ABPM. Another 

group studied HBI, calculated in a different way, in a hospital-based research setting 

and observed a sensitivity of 80% and specificity of 77% at 8-16 weeks for gestational 

hypertension and preeclampsia.19
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Because the results from the studies by Hermida et al. seemed promising and the research 

setting between all studies differed we decided to perform a validation study in our own 

population.15-19

METHODS

Subjects 
This research is part of a prospective study, which investigates cardiovascular parameters 

in the beginning of pregnancy for the prediction of preeclampsia and fetal growth 

restriction. Healthy nulliparous women at low risk and women with elevated risk for 

preeclampsia or fetal growth restriction were included between April 2004 and June 

2006. Low-risk participants were recruited by advertisements in local newspapers and 

flyers at midwife practices near our hospital. Women having diabetes, renal disease, 

clotting disorders or a previous pregnancy complicated by preeclampsia were defined 

as high risk. They were recruited from our antenatal clinic (Academic Medical Center, 

Amsterdam, The Netherlands) and by advertisements in local newspapers. At inclusion, 

all women had normal blood pressure (less than 140 mmHg SBP and 90 mmHg DBP, 

measured auscultatory) and none used antihypertensive medication. Only women with 

a singleton pregnancy were included. Three women who delivered an infant with major 

congenital malformation were excluded.

After written informed consent was obtained, all participants underwent identical 

study protocols. At 8-11 weeks, blood pressure was measured first by conventional 

sphygmomanometry and thereafter for 48 h using an ambulatory blood pressure device 

(see below). Gestational age was defined by first trimester ultrasound. The results of 

the ambulatory blood pressure measurements were not available for the clinicians/

midwives responsible for prenatal care. Pregnancy outcome was classified as ‘gestational 

hypertension’, ‘preeclampsia’ or ’normal’ using blood pressure measurements that 

were obtained during routine clinical care. Two obstetricians (H.W. and K.B.) who were 

unaware of the results of the early gestational blood pressure measurements reviewed 

medical files for classification.

The Medical Ethical Committee of the Academic Medical Center approved the study.

Definitions

Gestational hypertension was defined as a systolic blood pressure (SBP) of at least 

140, diastolic blood pressure (DBP) of at least 90 mmHg or both after 20 weeks in a 

previously normotensive woman, measured twice with an interval of at least 6 h. Blood 

pressure was measured under routine clinical conditions. Preeclampsia was defined as 
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the combination of gestational hypertension and proteinuria of at least 0.3 g/ 24 h or 

dipstick of at least ++ after 20 weeks gestation according to the International Society for 

the Study of Hypertension in Pregnancy (ISSHP) guidelines.20

Instruments

Blood pressure was measured by aired sphygmomanometry in supine position at the 

nondominant arm after at least 15 minutes of rest in a quiet room with an ambient 

temperature between 20-22° C between 0700 and 1200 h. Korotkoff V was used to 

determine DBP. The average of three measurements with an interval of at least 1 minute 

was used for calculations. The mean arterial pressure (MAP) was calculated as ((2x DBP) 

+ SBP)/3. ABPM was performed by oscillometry (Spacelab 90207, Redmond, Wasington, 

USA). An appropriately sized cuff was placed on the non-dominant arm. Blood pressure 

was measured every 30 minutes between 06:00 h till midnight and every 60 minutes 

between midnight and 0600 h. All women started the measurements between 0700 and 

1200 h and continued for 48 consecutive hours. If blood pressure results were missing 

for more than 2 h the participant was excluded from further analysis.21 The participants 

were instructed to maintain their daily routine and to complete a diary to identify time of 

sleeping and awakening. Mean 24-h blood pressure, daytime blood pressure and, night-

time blood pressure using fixed intervals (between 0600 h till midnight and between 

midnight and 0600 h) and night to day ratio were calculated.22 Women were defined as 

‘dippers’ when their night to day ratio SBP was 0.90 or less.23All women were instructed 

and measured by two trained researchers.

Computation of time-specified tolerance interval of blood pressure and 
hyperbaric index 

The calculation of nonparametric tolerance intervals for hybrid time series and HBI was 

performed according to the method described by Hermida et al.17;18 Measurement data 

from the first 90 nulliparous women who had an uneventful pregnancy and delivered 

at term of an infant with normal birthweight24 were used for calculation of the time-

specified tolerance limits (reference group). The remaining 101 women, including those 

with gestational hypertension or preeclampsia, constituted the validation group. 

On the basis of self-reported sleeping and waking times, data were synchronized at 

mid-sleep. Because the time of blood pressure registration differed between participants, 

2-hour time classes were defined at each complete hour of day (running from one before 

to one hour after each complete hour), resulting in overlapping time classes. Individual 

data were averaged per time class, producing one blood pressure result per individual 

per time class. For each time class, the 90% confidence limits were calculated across all 

participants. Because the reference group was small and normality and symmetry of the 
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data could not be assumed, a nonparametric approach was chosen using bootstrapping, 

as described by Hermida et al.17 The tolerance interval was calculated to include at least 

a specified proportion of the population (1-β) with a stated confidence (1-α). We chose 

to compute for given time class a tolerance interval which included at least 90% of the 

population with a confidence of 90% (β= 0.1 and α = 0.1). The assumption was that the 

sample was a reasonable representation of the underlying population. Data in each time 

class was bootstrapped (resampled with replacement); the bootstrapped data contained 

the same number of records as the original sample. Bootstrapping was repeated until 

the standard error of the mean (SEM) was less than 1% of the mean (the Monte Carlo 

stopping rule). 

For computing tolerance intervals, the mean and variance of the sample and of each 

of the bootstrapped resample were calculated. For each resample a lower (ß/2, e.g. 

5%) and upper (1- ß/2, e.g. 95%) percentile was determined, thus creating a large 

number of upper and lower limits for each time class (one for each bootstrap resample). 

Because we were interested in the proportion of the population with confidence 1- α, 

from all the (bootstrap) lower percentiles, the 1-√(1- α) percentile was determined: the 

lower tolerance limit. From the upper percentiles, the √(1- α) percentile was determined: 

the upper tolerance limit. There is √(1- α) probability that a sample from the specified 

population lies over the upper tolerance limit; there is also √(1- α) probability that the 
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Figure 1. Time-specified tolerance intervals with 90% confidence limits for SBP, DBP, mean arterial 
pressure and heart rate in the reference population (n=90) synchronized at midsleep.
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sample lies under the lower tolerance limit: the probability that the sample lies between 

both tolerance limits is therefore 1- α (rule of conditional probability). Upper and lower 

tolerance intervals were computed for all time classes, see figure 1.

The size of the reference population was determined by stepwise increment of the 

reference population by 10 women and calculation of the standard error (SE) of the 

90th percentile tolerance limit. After a group size of 70, further increase resulted in a 

variation of the SE of less than 2 mmHg. Therefore calculations of the tolerance limits 

were discontinued at a group size of 90. 

The HBI was calculated for the SBP, DBP and MAP as the individual excess above the 

reference threshold (the upper limit of the tolerance interval) using numerical integration 

(for an example see figure 2). HBImax was defined as the maximum value of either the HBI 
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Figure 2. Plot of the mean arterial pressure 
of a women with elevated hyperbaric index. 
The dashed line is the upper 90th percentile 
tolerance limit of the MAP. The curve starts at 
midsleep. The continious line is the individual 
pressure. Marked area is the hyperbaric index.

of SBP, DBP or MAP for each individual. Time-specified tolerance intervals and HBI were 

calculated using Matlab® R2007b (The Mathworks, Inc, Natick, Massachusetts, USA).

One-way analysis of variance was used to determine differences between the outcome 

groups and multiple post hoc comparisons were performed by Bonferroni t-test or 

Kruskal -Wallis test as appropriate. Receiver Operator Characteristics (ROC) curves 

were constructed to test the discriminate value of sphygmomanometry measurements, 

chronobiological blood pressure parameters and the HBI in predicting gestational 

hypertension, preeclampsia or both. We considered an area under the curve less than 

0.75 as poor discriminative capacity. Between 0.75-0.90 was considered as fair and 

between 0.90-0.97 was considered as good. The optimal cut-off value was chosen using 

the maximum Youden index (sensitivity + specificity - 1).25 Statistical calculations were 

performed with SPSS 16.0.2(SPSS Inc.Chicago, Illinois, USA). The level of significance 

used was a P value of les than 0.05.

Study size calculation was based on the test characteristics observed by Hermida et 

al.16;17 We expected that HBI could predict preeclampsia with a sensitivity and specificity 
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of 0.9 or higher. One hundred women with an incidence of preeclampsia of 7 % would 

be necessary to determine a statistically significant predictive effect with an α equal to 

0.05 and a β equal to 0.8, calculated by chi square test, tested two-sided. Exclusion of 

the first 90 women with uneventful pregnancies, who were selected for calculation of 

tolerance limits, was expected to increase the incidence of preeclampsia, which would 

elevate the power of our analysis. Sensitivity, specificity and area under the ROC curve 

are independent of incidence and therefore not influenced by this selection.

Table 1.Characteristics of the reference group and study population
Reference 
population 

n=90

Normotensive 
women 
n=73

Gestational 
hypertension 

n=13
Preeclampsia 

n=15

Age(years) 30.2 ± 3.7 30.5 ± 4.1 32.4 ± 2.9 29.1 ± 4.5

BMI(kg/m2) 23.7 ± 3.2 23.8 ± 3.9 25.6 ± 3.0 27.3 ± 4.2*

High risk women(%) 0% 37% 31% 53%

History of preeclampsia(%) 0% 26% 23 % 47 %

Nulliparous(%) 100% 67 % 69 % 47 %

Sphygmomanometry

SBP(mmHg) 104 ± 9 103 ± 10 110 ± 9 114 ± 15*

DBP(mmHg) 61 ± 7 61 ± 7 66 ± 7 69 ± 12*

MAP(mmHg) 76 ± 7 75 ± 7 81 ± 8‡ 84 ± 13*

Mean ABPM

SBP(mmHg) 110 ± 12 111 ± 7 114 ± 8 119 ± 14*

DBP(mmHg) 65 ± 4 65 ± 5 69 ± 6 72 ± 9*

MAP(mmHg) 80 ± 5 83 ± 5 86 ± 7 90 ± 10*

HBI 

SBP(mmH x hour) 4.1 ± 17 6.0 ± 22 4.9 ± 9 43.0 ± 54*†

DBP(mmH x hour) 2.9 ± 9 8.0 ± 40 26.2 ± 54 46.7 ± 52*

MAP(mmH x hour) 2.8 ± 9 7.3 ± 36 20.6 ± 41 49.0 ± 57*

Dippers 56% 48% 54% 60%

Gestational age at delivery(weeks) 40.1 ± 1.1 38.7 ± 2.6 39.4 ± 1.6 34.6 ± 3.6*†

Delivery < 37 weeks 0% 16,4% 7.7% 53.3% *†

Birthweight (g) 3616 ± 420 3122 ± 607 3316 ± 602 1959 ± 828*†

Small for gestational age(%) 0 24.7 30.8 73.3*†

Variables are expressed as mean ± SD or percentage. All measurements were in the first trimester 
of pregnancy except pregnancy outcome GH: gestational hypertension. PE: preeclampsia, SBP: 
systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, Mean ABPM: 
mean 24h blood pressure measured with ambulatory blood pressure monitoring.
*uncomplicated vs. preeclampsia P<0.05, † gestational hypertension vs. preeclampsia P<0.05, ‡ 
uncomplicated vs. gestational hypertension P<0.05
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RESULTS

Two hundred and nineteen women participated in the study. The mean gestational age 

at the beginning of the measurements was 9 weeks and 3 days (SD 6 days). Data of 

28 women were not usable because of missing measurements or failure of the device. 

The main reason for missing measurements was discontinuation of wearing the device 

because women could not sleep with the device. After calculation of the time specified 

tolerance intervals with 90% confidence limits using measurements in the first 90 

nulliparous women the data of the remaining 101 women were available for evaluation 

of the method. Patient characteristics of the study population are given in table 1. In 

the validation group 38 high risk women were included; 36 women had preeclampsia 

in a previous pregnancy, 1 woman had diabetes mellitus, and 1 woman had severe 

fetal growth retardation in a previous pregnancy. Seventy-three women had normal 

blood pressure throughout pregnancy, 13 developed gestational hypertension and 15 

preeclampsia (Table 1). 
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Figure 3. (a) Sensitivity and specificity of sphygmomanometry, ambulatory blood pressure 
monitoring and Hyperbaric index for predicting preeclampsia with 95% confidence interval. 
(b) Sensitivity and specificity of sphygmomanometry, ABPM and HBI for predicting gestational 
hypertension with 95% CI. ABPM, ambulatory blood pressure monitoring; CI, confidence interval; 
DBP, diastolic blood pressure; HBI, hyperbaric index; MAP, mean arterial pressure; SBP, systolic 
blood pressure.



62

BMI, blood pressure measurements with sphygmomanometry and ABPM, and HBI differed 

significantly between normotensive women and women who developed preeclampsia 

(Table 1). Only sphygmomanometry MAP differed significantly between normotensive 

women and women who developed gestational hypertension. The ratio of day time and 

night time blood pressure and the percentage of ‘dippers’ were not significantly different 

between the groups.

Sphygmomanometry, mean ABPM and HBI had a comparable discriminative efficacy for 

gestational hypertension (sensitivity between 54 and 77%, specificity between 41 and 

78%), see figure 3B. Only MAP and DBP had a statistically significant effect. The area 

under the curve for all parameters was between 0.57 and 0.66 which signifies poor test 

characteristics.

The results of the different measurement techniques for the prediction of preeclampsia 

did not vary largely (sensitivity between 53 and 73%, specificity between 86 and 95%), 

see figure 3A. All results reached statistical significance. HBImax had the best discrimination 

of preeclampsia with an area under the curve of 0.77(95% CI 0.61-0.92), which can be 

classified as fair. The effect of all parameters was statistically significant and the area under 

the curve was between 0.71 and 0.77. Differences between the parameters were only 

small; in figure 4 and 5 ROC curves for the best parameter of each method are shown. 
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Figure 4. Receiver operator characteristic 
curve for the parameter with the highest area 
under the curve for predicton of preeclampsia 
for each method. ABPM, ambulatory blood 
pressure monitoring; HBI, hyperbaric index; 
MAP, mean arterial pressure; SBP, systolic 
blood pressure.

Figure 5. Receiver operator characteristic 
curve for the parameter with the highest area 
under the curve for predicton of preeclampsia 
for each method. ABPM, ambulatory blood 
pressure monitoring; HBI, hyperbaric index; 
MAP, mean arterial pressure; SBP, systolic 
blood pressure.
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The optimum cut-off value for HBI was a HBImax of 17.6 mmHg x hour resulting in 

a sensitivity of 73% (95% CI 48-89%) and a specificity of 86% (95% CI 77-92). The 

optimum cut-off value for sphygmomanometry was a SBP of 118 mmHg corresponding 

with a sensitivity of 60% (95% CI 36-81%) and a specificity of 92% (95% CI 84-96%). 

Discussion

We could not reproduce the high predictive value of HBImax as observed by Hermida 

and co-workers, although we used a similar method for calculation of the reference and 

validation values.15-18

We calculated the time-specified tolerance intervals with 90% confidence limits in our 

own population using measurements of 90 healthy nulliparous women with an uneventful 

pregnancy according to the method as described by Hermida et al.17;18 Group size for 

the reference population was similar to that used by Hermida et al. in their first trimester 

reference graph (n=78).26 Comparison of our reference graphs with those used by 

Hermida et al. demonstrates a slightly higher SBP and DBP in our reference data, while 

MAP was comparable. Differences could origin from an earlier gestational age in our 

study or from ethnic differences (Mediterranean vs. Northern Europe). It was therefore 

more appropriate to use reference values that are specific for our population and not 

those published by Hermida et al.26

The HBI cut-off used by Hermida et al.was comparable with the cut-off calculated using 

ROC curve analysis (15 vs. 18 mmHg x hour) and using either value offered comparable 

predictive characteristics (sensitivity 73 vs. 73 %, specificity 85 vs. 86%). The difference in 

study outcome can, therefore, not be explained by differences in calculation of reference 

values.

Blood pressure was measured with the same blood pressure device as used by Hermida 

et al.16 The Spacelab 90207 is the only device for ABPM that was validated extensively in 

pregnant women. In three studies the device passed the Association for the Advancement of 

Medical Instrumentation (AAMI) criteria. However, following British Hypertension Society 

(BHS) criteria, these studies graded the device as B/B, A/C and B/C respectively.27-29 

We decided to use the Spacelab, notwithstanding these conflicting results, as it was used 

by the group whose method we wanted to validate and as no other ABPM device was 

described with better characteristics for pregnant women at the beginning of our study.

In our study, all nulliparous women and all women with high obstetric risk, who visited 

our outpatient clinic for antenatal care early enough for participation, were invited for the 

study. However, the method for recruitment in the study of Hermida, the percentage of 
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nulliparous or high-risk women and precise gestational age when women were measured 

in the first trimester was not described.

 Participants in the study by Hermida et al. were examined at 4-week intervals and part 

of the participants contributed twice to the reference graph or the validation study.15;26 

We only measured women once between 8 and 11 weeks of pregnancy. Because blood 

pressure lowers in the first half of pregnancy a close range of time of the measurements 

should only improve predictive characteristics. Although population differences or 

selection bias could explain part of the differences in outcome between the study by 

Hermida et al 15;26and our study, we have insufficient data to support this supposition.

One other study investigated chronobiological analysis in the first trimester of pregnancy 

for prediction of gestational hypertension or preeclampsia.19 This study included 104 

women with moderate to high risk for hypertensive complications of pregnancy. Most 

women had a history of preeclampsia and also twin pregnancies were allowed. Participants 

were examined between 8 and 16 weeks in a hospital-based research setting. The best 

predictive parameter in the 8-16 week period was systolic HBI at a cut-off of 5 mmHg/

hour with a sensitivity of 80% and a specificity of 77%. The method for calculating HBI 

differed from the method used by Hermida et al.17 and in our study. 

Blood pressure is widely used for screening in pregnancy for hypertensive disorders but 

the results, as a predictive tool early in pregnancy, are conflicting. A recent systematic 

review of literature showed poor predictive accuracy for preeclampsia by measurement 

of SBP, DBP, MAP, and increase of blood pressure with the best results for a MAP of at 

least 90 mmHg, LR+ of 3.5 (95% CI 2.0-5.0) and LR- of 0.46 (95% CI 0.16-0.75).4 

In six of the 34 included studies blood pressure measurement was performed in the first 

trimester. The test characteristics of these studies were comparable to the remaining 

studies. The two studies targeted at a high risk population had similar characteristics as 

the remaining studies. Differences between nulliparous and multiparous women were not 

assessed. These findings supported that the combination of high risk women and low risk 

nulliparous women in our study is valid. The outcome of our study is comparable with 

findings in this meta-analysis. Although a more sophisticated measurement technique as 

proposed by Hermida et a.l15 results in slightly better characteristics than obtained in most 

studies, the extremely high sensitivity and specificity as reported should be considered as 

an overestimation.

A 48-h ambulatory blood pressure measurement is generally considered as a burden. 

In our study, 13 % of the registrations were inadequate for analysis, sometimes because 

of device failure but mostly because of missing measurements for a couple of hours. 

These women discontinued wearing the device because they perceived this as too 

much of a strain. Our number of dropouts is comparable to a study which investigated 
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patient satisfaction with the Spacelab 90207 in pregnant women.30 Sleep disturbance 

was the main reason for noncompliance in this study, which was similar in our study. 

Sphygmomanometry measurements are easy to perform and take only a couple of 

minutes. The predictive efficacy was comparable with the hyperbaric index in our study. It 

should be noted that auscultatory blood pressure measurement was performed according 

to a standardized procedure, after sufficient rest in supine position and by averaging 

three consecutive measurements. This differs from standard outpatient clinic procedure, 

explaining better predictive characteristics than observed in most studies.4 DBP is slightly 

lower in supine position than in sitting position, while SBP is similar.31 As this difference 

is independent of blood pressure level or body mass index, and as we used ROC curve 

analysis for determining the optimum cut-off in our population, this difference in position 

could not have influenced our results

CONCLUSION

The accuracy of first trimester prediction of preeclampsia or gestational hypertension by 

blood pressure measurement alone is insufficient for clinical use. Although blood pressure 

is higher early in pregnancy in women who will develop preeclampsia standardized 

sphygmomanometry, mean ABPM and HBI calculation from 48-h ABPM had a 

comparable, restricted predictive efficacy. We could not confirm the high predictability of 

the hyperbaric index using 48-h ABPM for preeclampsia or gestational hypertension as 

observed by Hermida et al. 15
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ABSTRACT

Blood pressure (BP) in the first trimester has limited efficacy for the prediction of 

preeclampsia. It is not known if automated devices perform better in this respect than 

conventional sphygmomanometry. This study compares two different automated devices 

(continuous finger arterial pressure waveform registration and ambulatory blood pressure 

monitoring (ABPM)) with conventional sphygmomanometry for their association with later 

preeclampsia and gestational hypertension. In a cohort of 289 healthy normotensive 

women (235 nulliparous and 44 parous women with previous preeclampsia) at 8 
0/7-11 0/7 weeks of pregnancy BP was significantly higher in women, who developed 

preeclampsia with all three methods. After adjustment for previous preeclampsia the point 

estimate of the Odds ratios for association with later preeclampsia of both automated 

devices was better than conventional sphygmomanometry although differences were 

not statistically significant. Odds ratio (95% confidence intervals) for every 1 mmHg 

pressure increase of MAP was 1.08 (1.02-1.15) for sphygmomanometry, 1.17 (1.09-

1.27) for finger arterial pressure waveform registration and 1.17 (1.07-1.27) for ABPM. 

Since patient compliance with ABPM was less, we concluded that finger arterial pressure 

waveform registration is potentially the most useful device in first pregnancy trimester 

screening and needs further evaluation.
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INTRODUCTION

Women who develop preeclampsia have a higher blood pressure in the first trimester 

of pregnancy compared to women whose pregnancy remains uncomplicated. 1;2 This 

association holds when only women with a blood pressure in the normal range are 

considered.3;4  Selection in early pregnancy of women at high risk for preeclampsia 

could facilitate preventive interventions and could enable targeting intensive care at 

those women who need this most. The predictive capacity of blood pressure has been 

meta-analysed and 34 studies including 60599 women with 3341 cases of preeclampsia 

showed a moderate predictive accuracy.5 Poor reporting of study populations, definitions 

of preeclampsia and the use of different methods of blood pressure assessment and 

devices were identified as sources of variation in this meta-analysis. No separate analysis 

was performed for studies that used automated devices. 

In pregnancy blood pressure is generally measured by conventional sphygmomanometry 

and therapeutic interventions are based on these measurements. This technique is 

questioned because blood pressure is measured only during a single heart beat cycle, is 

subject to inter-observer variation and does not account for beat-to-beat variation and 

diurnal rhythm in blood pressure. Automated devices with continuous or repeated diurnal 

measurement might have a higher precision for the prediction of later preeclampsia.6 

In the present study we compared blood pressure measurement at 8 0/7-11 0/7 weeks 

of pregnancy using continuous finger arterial waveform registration and ambulatory 

blood pressure monitoring with conventional sphygmomanometry. Our hypothesis 

was that blood pressure measurement by automated devices in early pregnancy has 

a higher association with the development of later preeclampsia than conventional 

sphygmomanometry.

SUBJECTS AND METHODS

Study population
This study is part of a prospective study which investigates cardiovascular parameters in the 

beginning of pregnancy for the prediction of preeclampsia.7 Healthy nulliparous women 

and healthy parous women with a previous pregnancy complicated by preeclampsia 

were included between April 2004 and June 2006. Women with multiple pregnancy or a 

pregnancy after hormonal fertility treatment, and women with diabetes, chronic hypertension, 

antihypertensive medication or renal disease were not eligible. All women had normal blood 

pressure (less than 140 / 90 mmHg, measured by conventional sphygmomanometry) at 
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their first visit. Preventive use of acetylsalicylic acid in women with a previous preeclampsia 

was allowed. Women with an infant with major congenital malformations were excluded 

from analysis. Women with pregnancy associated complications like gestational diabetes, 

preterm birth or fetal growth restriction were not excluded. 

Participants were recruited by advertisements in local newspapers, flyers at midwife 

practices near our hospital and from our outpatient clinic. The Medical Ethical Committee 

of the Academical Medical Center approved the study.

Outcome definitions

Pregnancy outcome was defined as preeclampsia or combined pregnancy outcome 

(preeclampsia and gestational hypertension). Two obstetricians (KB and HW) being 

unaware of the results of the measurements classified pregnancy outcome according to 

the ISSHP guidelines.8 Gestational hypertension was defined as a systolic blood pressure 

≥ 140 and / or a diastolic blood pressure ≥ 90 mmHg after 20 weeks in a previously 

normotensive woman, measured twice with an interval of at least 6 hours. Preeclampsia 

was defined by the combination of gestational hypertension and proteinuria ≥ 0,3 g/ 24 

h or dipstick ≥ ++ after 20 weeks gestation. 

Study design

After written informed consent, all participants underwent identical study protocols 

at 8 0/7-11 0/7 weeks gestational age. Gestational age was defined by first trimester 

ultrasonography. Women were asked about medical history, maternal age, ethnic origin 

(Caucasian or other) and education (high: university or higher; median: higher or 

intermediate vocational training or low: no education, primary school or lower vocational 

training). The maternal weight and length were measured and the Body Mass Index (BMI) 

was calculated as weight (kg)/ (length (m)) 2. Study measurements were not available for 

the clinicians or midwives responsible for prenatal care. All participants received usual 

obstetric care, nulliparous women by a midwife and women with previous preeclampsia 

by our outpatient clinic according to our local protocol. 

Measurements

Blood pressure was measured by finger arterial pressure waveform registration (Finometer, 

FMS, Amsterdam, the Netherlands) in supine position after at least 15 minutes of rest 

in a quiet room with an ambient temperature between 20-22° Celsius, between 7 

and 12 AM. The device was validated in pregnancy and passed the Association for 

the Advancement of Medical Instrumentation (AAMI) criteria. According to the British 

Hypertension Society (BHS) criteria, the device was graded a B for diastolic and a C for 

systolic blood pressure.9 A cuff of appropriate size was placed around the middle finger 
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of the non-dominant hand with the arm along the body. Hydrostatic height correction was 

used to correct for the position of the hand with respect to heart level. At a stable signal 

the pressure signal was corrected by the return-to-flow method.10 Data collection was 

performed over a period of 10 minutes after the signal was stable for at least 5 minutes. 

The brachial arterial pressure was reconstructed from the finger pulse wave.11Offline 

beat to beat systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial 

pressure (MAP) and heart rate were extracted by Beatscope software (TNO Biomedical 

Instrumentation, Amsterdam, the Netherlands) and averaged over 10 minutes. 

Subsequently blood pressure was measured using conventional sphygmomanometry 

(Maxi Stabil 3, an aneroid sphygmomanometer, Welch Allyn, Skaneateles Falls, New 

York, USA), in the same position at both arms; Korotkoff V was used to determine DBP. If 

there were little differences, further measurements were done at the non-dominant arm 

else the woman was excluded. The average of three measurements with an interval of at 

least 1 minute was used for calculations. The MAP was calculated as ((2x DBP) + SBP)/3. 

Thereafter participants were instructed to measure blood pressure with an ambulatory 

blood pressure monitor (ABPM; Spacelab 90207TM, Spacelabs Inc. Redmond, 

Washington, USA) using oscillometry. The Spacelab 90207 is the only ABPM that was 

validated extensively in pregnant women. In three studies the device passed the Association 

for the Advancement of Medical Instrumentation (AAMI) criteria. Following British 

Hypertension Society (BHS) criteria, these studies graded the device for systolic / diastolic 

blood pressure as B/B, A/C and B/C respectively.12-14 An appropriately sized cuff was 

placed on the non-dominant arm. Blood pressure was measured every 30 minutes 

between 6:00 AM and 00:00 and every 60 minutes between 00:00 and 6:00 AM. All 

women started the measurements between 7:00 AM and 12:00 AM and continued for 

48 consecutive hours.15 The participants were instructed to maintain their daily routine.

Statistical analysis

Continuous variables were analyzed with the Kolmogorov-Smirnov test for normality. 

Normally distributed data are presented as mean ± standard deviation (SD), not 

normally distributed data as median (range). To investigate the differences between 

the groups, one-Way ANOVA tests with post-hoc Bonferroni tests, Kruskal-Wallis test or 

chi-square test were used whichever was appropriate. Next logistic regression analysis 

with adjustment for previous preeclampsia was performed to determine the association 

of each blood pressure variable with pregnancy outcome. Discriminative capacity was 

assessed with Receiver Operating Characteristics (ROC) analysis. A p value < 0.05 was 

considered significant. The statistical software package SPSS 16 (SPSS Inc, Chicago, IL) 

was used for all analyses. 
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RESULTS

Study population
A total of 295 women were included, 251 nulliparous women and 44 multiparous women 

with a history of preeclampsia. Five women with previous preeclampsia used prophylactic 

low-dose acetylsalicylic acid. Five nulliparous women were excluded because of severe 

foetal congenital malformations and one woman was lost to follow up. 289 Women were 

available for analysis, 20 (6.9 %) developed preeclampsia and 16 (5.5 %) gestational 

hypertension. None of them had significant differences in blood pressure by conventional 

sphygmomanometry between both arms. Maternal characteristics and pregnancy 

outcome are described in table 1. 

Women with preeclampsia or gestational hypertension had a higher body mass index 

(BMI) compared to women with uncomplicated pregnancies. Women with preeclampsia 

delivered earlier and their babies had a lower birth weight compared to women with 

unaffected pregnancies. Women with gestational hypertension were comparable to 

those with unaffected pregnancy regarding gestational age at delivery and infant birth 

weight. Women with preeclampsia had a lower education compared to those without 

preeclampsia. 

Table 1. Maternal characteristics and pregnancy outcome
characteristics unaffected 

n=253
Preeclampsia 

n=20
Gestational 

Hypertension 
n=16

P-value

Gestational age at measurement(days) 65 ± 5 64 ± 7 64 ± 3 0.78

Age (y) 30.0 ± 4.2 29.6 ± 4.5 31.6 ± 4.1 0.31

BMI (kg/m2) 23.8(17.6-41.8) 26.5(19.6-32.3)* 26.6(21.7-33.4)* <0.001

Ethnicity n (%)

Caucasian 218 (86.2) 15 (75.0) 14(87.5) 0.38

Other  35 (13.8) 5 (25.0) 2(12.5)

Smoking n (%) 27 (10.8) 3 (15.0) 1 (6.2) 0.70

Education n(%)

High 81 (32.0) 2 (10.0) 5 (31.2) 0.009

Median 94 (37.2) 4 (20.0) 7 (43.8)

low 78 (30.8) 14 (70.0) 4 (25.0)

High risk n (%) 30 (11.9) 9 (45) 5 (31.2) <0.001

Gestational age at delivery(days) 279 (207-296) 256(200-286)* # 276(245-294) <0.001

Birth weight(grams) 3338 ± 562 2106 ± 890 * # 3303 ± 639 <0.001

Small for gestational age n (%) 27 (10.7) 13 (65.0) 4 (25.0) <0.001

Data are expressed as mean ± SD, median (range) or n (%). P-value; differences between the 
groups. *P<0.05 compared to unaffected; #P<0.05 compared to gestational hypertension.
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Blood pressure measurements

Finger arterial pressure waveform registrations of 4 (1.4%) women were not available 

for analysis because of technical difficulties. ABPM data for 48 hour were available in 

220 women. Drop out was partly due to lack of a monitoring device at the scheduled 

registration time (62 women). A total of 39 women (17.7%) had no or incomplete 

data. Eight women refused to wear the blood pressure monitor and 31 women had 

an incomplete registration. Three of these had less then 10 measurements and were 

excluded. All other incomplete registrations were used. 

Women who developed preeclampsia or gestational hypertension had a significantly 

higher blood pressure in the first trimester than women with unaffected pregnancies. 

The absolute blood pressure values were different between the devices, p<0.01 for all 

measurements. The highest absolute values were measured by finger arterial pressure 

waveform registration and the lowest by conventional sphygmomanometry (Table 2). 

The point estimate of the Odds ratios of blood pressure in the first trimester for later 

preeclampsia or combined pregnancy outcome was higher for the automated blood 

pressure measurement techniques, although there was an overlap between 95% CI 

intervals. For all devices MAP had the highest odds ratios. Figures 1A and 1B show the 

odds ratios with 95% CI intervals for every mmHg pressure increase adjusted for previous 

Table 2. First trimester blood pressure measurements in different outcome groups.
Blood pressure measurements unaffected Preeclampsia Gestational 

Hypertension 
P-value

Heart rate (beats/min) 73 ± 7 73 ± 7 72 ± 8 0.95

Sphygmomanometry

n 253 20 16

SBP (mmHg) 104 ± 9 113 ± 13** 110 ± 8 * <0.001

DBP (mmHg) 60 (46-88) 67 (50-85)** 67 (58-85)**   0.002

MAP (mmHg) 76 ± 7 82  ± 11** 81 ± 7** <0.001

Finger arterial pressure

n 250 19 16

SBP (mmHg) 121 ± 8 131 ± 13** 125 ± 9 <0.001

DBP (mmHg) 67 ± 6 74 ± 8** 71 ± 7* <0.001

MAP (mmHg) 88 ± 7 98 ± 10** 93± 7** <0.001

ABPM

n 179 19 14

SBP (mmHg) 111 ± 7 120 ± 13** 114 ± 8 <0.001

DBP (mmHg) 66 ± 4 72 ± 9** 69 ± 6* <0.001
MAP (mmHg) 80 ± 5 88 ± 10** 84 ± 7* <0.001

Data are expressed as mean ± SD or median (range); P-value; differences between the groups.* 
P<0.05 compared to unaffected; **P<0.01 compared to unaffected
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Figure 1A. Odds ratios (95% 
confidence intervals) for every 
1 mmHg pressure increase, 
after adjustment for previous 
preeclampsia, to determine the 
relationship of SBP, MAP and 
DBP measured by the different 
devices and preeclampsia.

Sphygmo; sphygmomanometry, 
FAP; finger arterial pressure 
waveform registration. ABPM; 
ambulatory blood pressure 
monitoring.

Figure 1B. Odds ratios (95% 
confidence intervals) for every 
1 mmHg pressure increase 
after adjustment for previous 
preeclampsia to determine 
the relationship of SBP, MAP 
and DBP measured by the 
different devices and combined 
pregnancy outcome.

Sphygmo; sphygmomanometry, 
FAP; finger arterial pressure 
waveform registration, ABPM; 
ambulatory blood pressure 
monitoring.

Table 3. Area under the receiver operating characteristics curves with 95% CI of blood pressure 
measurements for the subsequent development of preeclampsia or combined pregnancy outcome.
Measurement preeclampsia Combined pregnancy outcome

Sphygmomanometry
SBP 0.73 (95% CI 0.58-0.83) 0.73 (95% CI 0.64-0.83)

DBP 0.68 (95% CI 0.53-0.84) 0.72 (95% CI 0.61-0.82)

MAP 0.70 (95% CI 0.55-0.85) 0.73 (95% CI 0.63-0.83)

Finger arterial pressure

SBP 0.82 (95% CI 0.68-0.95) 0.77 (95% CI 0.68-0.87)

DBP 0.77 (95% CI 0.63-0.91) 0.77 (95% CI 0.68-0.86)

MAP 0.82 (95% CI 0.69-0.96) 0.80 (95% CI 0.71-0.89)

ABPM

SBP 0.78 (95% CI 0.65-0.91) 0.74 (95% CI 0.63-0.84)

DBP 0.77 (95% CI 0.63-0.90) 0.72(95% CI 0.62-0.83)
MAP 0.78 (95% CI 0.65-0.91) 0.74 (95% CI 0.64-0.85)
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preeclampsia for the three measurement techniques. The largest area under the ROC 

curves (AUC) was 0.82 (95% CI 0.69-0.96) for preeclampsia and 0.80 (95% CI 0.71-

0.89) for combined outcome using MAP estimated by finger arterial pressure waveform 

registration (Figure 2A and 2B). Table 3 provides the values of all AUCs, with 95% 

confidence intervals. Differences were small and did not reach statistical significance.

DISCUSSION

In this prospective cohort of women with normal blood pressure we confirm that blood 

pressure has a significant association with hypertensive disorders later in pregnancy. 

Assessment by automated devices at 8 0/7-11 0/7 weeks of pregnancy seems superior 

Figure 2A. Association of mean 
arterial pressure measured with 
the different devices in the first 
trimester and prevois preeclampsia 
with subsequent development of 
preeclampsia, expressed by Receiver 
Operating Characteristics (ROC) 
curves. 

Figure 2B. Association of mean 
arterial pressure measured with the 
different devices in the first trimester 
and previous preeclampsia with 
subsequent development of combined 
pregnancy outcome, expressed by 
Receiver Operating Characteristics 
(ROC) curves. 
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to conventional sphygmomanometry. ABPM measurements failed more often than 

finger arterial pressure waveform registration due to technical difficulties or patient 

incompliance.

The accuracy of automated blood pressure devices in pregnant women is often 

questioned especially in hypertensive and preeclamptic women and it is generally advised 

to use conventional sphygmomanometry to establish the diagnosis of preeclampsia.8 

Both Spacelab 90207™ and Finometer™ passed the less strict AAMI criteria, but none 

received A/A BHS grading in validation studies in pregnant women where the devices 

were compared to auscultatory conventional sphygmomanometry.9;12-14

However, it was not our intention to compare absolute blood pressure values of the 

automated devices with conventional sphygmomanometry, which is the usual validation 

procedure. Clinical relevance of a measurement method is far more important than 

absolute values and therefore we chose a clinical endpoint (preeclampsia or combined 

gestational hypertension or preeclampsia). Repeated or continuous measurements provide 

a more reliable estimate of average blood pressure than a single sphygmomanometry 

measurement. This could explain why finger arterial pressure waveform registration and 

ABPM measurements tend to have a higher association with later preeclampsia than 

sphygmomanometry in our study. 

One of the limitations of our study is the relatively low number of included women. This 

causes some uncertainty regarding the exact quantity of the association, as reflected by 

the large confidence intervals of odds ratios and possibly causes an overestimation of the 

effect.16  The point estimate of the Odds ratios for association with later preeclampsia of 

both the automated devices was better for all blood pressure parameters but there was 

an overlap between 95% CI intervals and significant differences could not be detected. 

Women with elevated blood pressure, cardiovascular disease, renal disease or diabetes 

were not included because the elevated risk of these conditions for preeclampsia or 

pregnancy induced hypertension preclude the usefulness of further risk assessment.17

Recently we published a meta-analysis of the accuracy of blood pressure measurements 

in predicting preeclampsia.5 Studies included in this meta-analysis used all types of blood 

pressure measurement devices and it was not possible to compare devices in this meta-

analysis Areas under the ROC-curve for SBP, DBP and MAP for low risk women in the first 

trimester were respectively 0.66, 0.67 and 0.79 comparable to our results. 

Several studies investigated the predictive capacity of ABPM and preeclampsia and 

compared this with office blood pressure measurements.18-23 With ABPM information 

on diurnal blood pressure can be obtained. Some found comparable predictive capacity 

while others showed better results with ABPM in second trimester pregnancy. There 
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were no differences in predictive capacity of only daytime or night time blood pressure 

compared to mean values.22;24 

As the origin of the disease is in early pregnancy it is likely that preventive interventions 

should start early in pregnancy to be effective.25  Therefore, early prediction is of major 

importance. Only one of the studies on the predictive capacity of ABPM was performed 

in the first trimester. This study showed an extremely high predictive capacity with 48 hour 

ABPM using the hyperbaric index.23  However, using an identical approach as Hermida 

et al. we could not confirm this and observed a similar association with preeclampsia of 

hyperbaric index, mean pressure of 48 hour ABPM and day/night differences in the first 

trimester.7 The study population used in this analysis was included in the present study.

The three devices used in our study measure blood pressure in different ways. 

Sphygmomanometry and the Spacelab 90207™ register vascular oscillations during the 

gradual relaxation of vascular occlusion at the upper arm. In sphygmomanometry the 

appearance and disappearance of vascular (Korotkoff) sounds determines SBP and DBP. 

The Spacelab 90207™ is an oscillometric device and the MAP is estimated primarily by 

the pressure where oscillations are largest and SBP and DBP are derived from this point.26 

Conventional sphygmomanometry registers SBP from one and DBP from another heart 

beat cycle. Both techniques are influenced by arm diameter and vascular deformability. 

Finger arterial pressure waveform registration is registered by a small cuff around the 

middle finger. The cuff contains a diode to measure blood flow in the finger and a server 

mechanism connected to the cuff regulates pressure in such a way that flow in the finger 

remains constant. Thus the cuff pressure is a copy of the arterial finger pressure wave. This 

technique enables continuous non-invasive registration of cardiovascular parameters.27 

The algorithm for blood pressure calculation depends on vascular compliance which is 

larger in pregnant than in non-pregnant women.28 However, the return to flow method 

enables calibration for blood pressure calculation and thus overcomes the disturbing 

effect of pregnancy on the algorithm for blood pressure calculation.10 

According to international guidelines for the classification of preeclampsia blood 

pressure is preferably measured at the right arm while seated.8;29;30 In our study the cuff 

for ABPM was placed around the non-dominant arm because we wanted to reduce the 

inconvenience of ABPM. Therefore all other measurements were also performed at the 

same arm, which usually is the left arm. We also chose supine position for measuring 

blood pressure with sphygmomanometry and finger arterial waveform registration in 

order to be certain that all subjects were at rest. DBP is slightly lower in supine position 

than in sitting position, whereas SBP is similar.31 If blood pressure is included in a first 

trimester prediction model for preeclampsia, position needs further evaluation. All 

women received usual obstetric care prenatal care and blood pressure used for our 
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clinical outcome was measured by conventional sphygmomanometry according to the 

international guidelines.

Both automated devices that are used in this study could help in designing prediction 

models for preeclampsia. However, ambulatory blood pressure measurement in 

pregnancy, as been shown earlier, is considered a burden.32;33 We could not obtain 

a complete registration in 18% of the women because of patient incompliance and 

technical difficulties. In contrast finger arterial pressure waveform registration only needs 

20 minutes for a complete registration and thus could be used in clinical practice more 

easily. 

Conclusion and impact for further research

Both automated devices used in this study are considered to be of help in designing 

prediction models for preeclampsia. Although our study was too small to find significant 

differences between the devices and conventional sphygmomanometry, finger arterial 

pressure waveform registration is potentially the most useful device in first trimester 

screening in pregnancy and needs further evaluation.
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ABSTRACT

Objective 
To study the association of the augmentation index (AIx), augmentation pressure (AP) at 

8 0/7-11 0/7 weeks of pregnancy with the later onset of preeclampsia. And if combination 

with MAP improves this association.

Study Design 

235 nulliparous and 42 former preeclamptic women were included with an incidence 

of preeclampsia of 4.3% and 16.6%. AIx, AP and MAP obtained from finger arterial 

waveform registration were analysed using logistic regression.

Results 

After adjustment for previous preeclampsia the AIx and AP were associated with later 

preeclampsia (OR 1.84 (95% CI 1.10-3.0) and 1.90 (1.31-2.76) respectively). AP in 

combination with MAP and previous preeclampsia had an area under the ROCcurve of 

0.82 (0.66-0.97) compared to 0.74 (0.61-0.87), 0.78 (0.65-0.91) and 0.79 (0.64-

0.93) for the single parameters.

Conclusion 

The combination of MAP and AP had a higher association with later preeclampsia 

compared to single parameters, but the additive effect of AP was small. 
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INTRODUCTION

Preeclampsia affects 2-8% of all pregnancies and remains a leading cause of maternal 

and perinatal morbidity and mortality.1;2 Women who had a pregnancy complicated 

by preeclampsia are at increased risk for cardiovascular disease in later live and 

preeclampsia and cardiovascular disease share similar risk factors.3;4

Increased arterial stiffness is an independent predictor of adverse outcome in 

cardiovascular disease.5 Several studies showed an elevated arterial stiffness in women 

with preeclampsia.6-9 One research group recently observed an increased arterial 

stiffness, measured by applanation tonometry and calculation of the augmentation 

index (AIx) at 11-13 weeks of pregnancy, in women who developed preeclampsia later 

compared to women with normal pregnancy.10;11

It is not known if this difference in AIx only occurs in the beginning of pregnancy or if it is pre-

existing. Thus the increased risk of cardiovascular disease in former preeclamptic women 

could result from persisting abnormalities in cardiovascular control after preeclampsia 

or from pre-existing abnormalities which are associated with both conditions. At present, 

literature is not helpful to answer this question. Studies report conflicting results about 

arterial stiffness in former preeclamptic women compared to women with uncomplicated 

pregnancies.7;8;12

Women predisposed to develop preeclampsia already have a higher blood pressure 

early in pregnancy, long before clinical symptoms arise, compared to women with an 

uncomplicated pregnancy. Although they have no hypertension yet their blood pressure 

measured in the beginning of pregnancy could be used to predict preeclampsia.13;14 

A systematic review concluded that mean arterial pressure was the blood pressure 

parameter with the highest association with preeclampsia.15 Blood pressure and arterial 

stiffness are not independent parameters and it is not well described if combined use of 

these parameters improves the association with later preeclampsia.16

The primary aim of this study is to test the hypothesis that the association between early 

pregnancy arterial stiffness, measured by augmentation index or augmentation pressure, 

is improved if combined with mean arterial blood pressure. Our second hypothesis is that 

these parameters differ between nulliparous women with an uncomplicated pregnancy 

and women with a previous preeclampsia, which could indicate the presence of pre-

existing differences that might contribute to the elevated risk for cardiovascular disease in 

women with previous preeclampsia. 
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METHODS

Subjects
This study is part of a prospective study which investigated cardiovascular parameters in the 

beginning of pregnancy for the prediction of preeclampsia.17 Healthy nulliparous women 

and healthy parous women with a previous pregnancy complicated by preeclampsia 

were included between April 2004 and June 2006. Women with multiple pregnancy, 

and women with diabetes, chronic hypertension, antihypertensive medication or renal 

disease were not eligible. Women with an infant with major congenital malformations 

were excluded. All women had normal blood pressure (<140 / 90 mmHg, measured 

by conventional sphygmomanometry) at their first visit. Preventive use of acetylsalicylic 

acid in women with a previous preeclampsia was allowed. Participants were recruited 

by advertisements in local newspapers, flyers at midwife practices near our hospital and 

from our outpatient clinic. The Medical Ethical Committee of the Academical Medical 

Center approved the study. After written informed consent, all participants underwent 

identical study protocols. 

Study protocol

At 8 0/7-11 0/7 weeks of pregnancy gestational age was confirmed by ultrasound. 

All measurements were scheduled between 7 AM and 12 noon and took place in a 

quiet room with a temperature between 20 and 22 ºC. Subjects were asked to refrain 

from coffee from the night before the measurements. They were informed about the 

procedures and instructed to empty their bladder before the start of the measurements. 

The measurements were performed in supine position at the non-dominant arm after at 

least 15 minutes of rest.

Blood pressure and hemodynamic parameters were measured continuously for 10 

minutes using non-invasive finger arterial waveform recording by FinometerTM (FMS, 

Amsterdam, the Netherlands). 

Measurement of finger arterial pressure is based on the volume clamp method of 

Peňáz and the ‘Physiocal’ criteria of Wesseling.18;19 20 The brachial arterial pressure is 

reconstructed from the finger pulse wave.21 This device is validated in pregnancy and 

passed the Association for the Advancement of Medical Instrumentation (AAMI) criteria. 

According to the British Hypertension Society (BHS) criteria, the device was graded a B for 

diastolic and a C for systolic blood pressure.22 In pregnancy stroke volume measurement 

is comparable with Doppler echocardiography.23 An appropriate cuff was placed at the 

middle finger of the non-dominant hand with the arm along the body. Hydrostatic height 

correction was used to correct for the position of the hand with respect to heart level. 
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When a stable signal was attained, the pressure signal was corrected by the return-to-

flow method.24 Data from the FinometerTM were sampled at 200 Hz and analyzed by 

Beatscope software (TNO Biomedical Instrumentation, Amsterdam, the Netherlands). 

The average of the systolic blood pressure (SBP), diastolic blood pressure (DBP), mean 

arterial pressure (MAP) and heart rate (HR) of ten minutes were used for comparisons.

As a measure of arterial stiffness the augmentation index (AIx) was calculated. For the AIx, 

a period of 60 seconds, with a stable signal, was selected from the Finometer recording. 

The finger arterial waveform of this period was filtered to an aortic waveform by the 

Beatscope software. In Mathematica (Wolfram Research, Inc., Mathematica, Version 4.0, 

Champaign, IL) the filtered pressure was further analyzed to determine the augmentation 

index. 20 Beats were selected and the averaged wave form of these 20 beats was used. 

The inflection point was determined with the use of the fourth derivate of the aortic 

pressure wave.25 If the inflection point was found before the first pressure peak, A-type 

augmentation index was calculated. If the inflection point lay after the first pressure peak 

B-type augmentation index was calculated. B-type augmentation index is expressed as 

a negative index. AIx was calculated as augmenting pressure (AP, determined by the 

inflection point and SBP) divided by pulse pressure (SBP-DBP).26 DAIx was calculated as 

AIx postpartum-AIx first trimester.

Outcome

Gestational hypertension was defined as a systolic blood pressure ≥ 140 and/ or a 

diastolic blood pressure ≥ 90 mmHg after 20 weeks in a previously normotensive 

woman, measured twice with an interval of at least 6 hours. Preeclampsia was defined by 

the combination of gestational hypertension and proteinuria ≥ 0,3 g/ 24 h or dipstick ≥ 

++ after 20 weeks gestation according to the ISSHP guidelines.27 

Statistics

To assess normality of the distribution of the numerical data the Kolmogorov-Smirnov test 

was used. Normally distributed data are presented as mean ± standard deviation (SD), 

not normally distributed data as median (range). 

(Paired) Student t-tests, Mann-Whitney U tests and chi-square tests were used when 

appropriate. 

Logistic regression analysis was used to determine the association of AIx, AP and MAP 

in the beginning of pregnancy with later preeclampsia. The continuous variables of 

AIx, AP and MAP were categorized per 10 %, 3 and 5 mmHg respectively. Because 

the two inclusion groups had highly different a priori risks for preeclampsia, previous 

preeclampsia (nulliparous versus parous women with previous preeclampsia) was entered 

for adjustment in all models. The probability for entry was set at 0.05, for removal at 
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0.1. For comparison between the models the discriminative capacity was assessed with 

Receiver Operating Characteristics (ROC) analysis. The statistical software package SPSS 

18 (SPSS Inc, Chicago, IL) was used for all analyses. A p value < 0.05 was considered 

statistically significant.

RESULTS

Baseline characteristics
283 women participated in the study. After inclusion we excluded 3 women from analysis 

because of severe lethal congenital malformations of their infants, 2 women who delivered 

an infant with Down syndrome and one woman was lost to follow-up. Thus, 277 women 

were available for analysis in the first trimester and 225 of them returned postpartum. 

5 of the 42 parous women with previous preeclampsia used prophylactic acetylsalicylic 

acid. The mean gestational age at measurement in the first trimester was 9 2/7±0.7 

weeks and the mean interval post partum was 28 5/7±7 weeks. Seventeen (6.1 %) 

women developed preeclampsia and 16 (5.8 %) other women gestational hypertension. 

The women who developed gestational hypertension were allocated to the control group. 

Maternal characteristics and pregnancy outcome are described in Table 1. 

Women with preeclampsia delivered earlier and their babies had a lower birth weight 

compared to women with unaffected pregnancies. Nulliparous women with preeclampsia 

were younger compared to the nulliparous unaffected women. There were no differences 

between parous women with or without preeclampsia in maternal characteristics. 

Hemodynamics

All women who developed preeclampsia (nulliparous and parous women with previous 

preeclampsia) had a higher blood pressure at 8-11 weeks and 29 weeks postpartum 

Table 1. Baseline characteristics at first visit and pregnancy outcome of the study population. 
Nulliparous women(n=235) Parous women with previous 

preeclampsia(n=42)

No preeclampsia
n=225

Preeclampsia
n=10 (4.4%)

No preeclampsia
n=35

Preeclampsia
n=7 (16.7%)

Age (y) 30.0 ± 4.2 26.0 ± 3.0‡ 30.7 ± 4.0 33.8 ± 2.2

Caucasian (%) 295 (86.7) 7 (70) 30 (85.7) 5 (71.4)

BMI (m2/kg) 23.3 (17.6-41.8) 24.3 (20.6-31.6) 23.9 (18.8-37.5) 28.5 (19.6-32.2)

Smoking (%) 25 (11.1) 1 (10.0) 3 (8.6) 1 (14.3)

Gestational age at delivery(d) 278 (207-297) 255 (209-286) ‡ 272 (243-289) 224 (200-273) ‡
Birth weight (gr) 3475(1170-4585) 2031(870-3232)‡ 3165 (1620-4132) 1300(1000-3025)‡

Data are presented as mean (±standard deviation) or median (range) ‡P<0.01 vs no preeclampsia
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Figure 1. Percentage of preeclampsia for 
augmentation index (AIx) classes, augmentation 
pressure (AP) classes, and mean arterial 
pressure (MAP) classes with group size above 
each column. 
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compared to unaffected women, although the postpartum difference did not reach 

statistical significance in parous women. Blood pressure in nulliparous and in parous 

women with a previous preeclampsia, who did not develop preeclampsia, was similar at 

8-11 weeks and 29 weeks postpartum (Table 2). 

All women who developed preeclampsia had a higher AIx and AP in the first trimester 

compared to women who did not. This difference was not statistically significant in parous 

women (Table 2). First trimester values were lower than values 29 weeks postpartum 

in women with uncomplicated pregnancy. In women who developed preeclampsia first 

Table 2. Hemodynamic measurements at 8-11 weeks gestational age and at 29 weeks postpartum. 
Nulliparous women (n=235) Multiparous women with previous preeclampsia (n=42)

Outcome No preeclampsia Preeclampsia No preeclampsia Preeclampsia
8-11 w 29 w PP 8-11 w 29 w PP 8-11 w 29 w PP 8-11 w 29 w PP

n=225 N=172 n=10 N=7 n=35 n=25 N=7 N=5

Heart rate (b/m) 70±8 66±9* 69±6 69±6 70±8 69±13 71±6 70±11

SBP (mmHg) 121±8 119±11* 129±15† 132±16V 119±8 122±13 129±5† 125±10

DBP (mmHg) 67±6 69±8* 71±9† 73±9 68±7 74±9* 76±5† 75±8

MAP (mmHg) 87±6 89±9* 96±12† 97±12† 89±8 95±8* 98±5† 97±8

AIx (%) 17 (-11-47) 24 (3-45)* 26 (9-36) † 25 (20-38) 17 (-3-39) 26 (11-48)* 23 (17-33) 27 (18-29)

AP (mmHg) 6.5 (0.9-22.5) 9.4 (1.3-22.2)* 12.3(2.7-19.2) † 11.1 (9.0-25.7) 7.1 (1.1-20.1) 9.5 (3.7-31.3)* 9.8 (6.5-16.1) 10.1(7.4-14.1)
DAIx - 7.5±10.9 - 2.2±12.4 - 6.7±10.5 - 0.25±10.5

Data are presented as mean (± standard deviation) or median (range) *P<0.05 vs first 
trimester,†P<0.05 vs. no preeclampsia, PP: postpartum, SBP: systolic blood pressure, DBP : 
diastolic blood pressure, MAP: mean arterial pressure, AIx : augmentation index, AP : augmentation 
pressure

Table 3. Results of the logistic regression analyses to assess the association between different 
parameters and preeclampsia later in pregnancy, with adjustment for previous preeclampsia.
Entry parameters Last step parameters OR (95% CI) Area under the ROCcurve (95% CI)

AIx and parity AIx 1.84 (1.10-3.00) 0.74 (0.61-0.87)*
previous preeclampsia 4.02(1.41-11.50)

AP and parity AP 1.90 (1.31-2.76) 0.78 (0.65-0.91) *

previous preeclampsia 4.29 (1.47-12.58)

MAP and parity MAP 2.26 (1.36-3.78) 0.79 (0.64-0.93) *

previous preeclampsia 3.35 (1.13-9.95)

AIx, MAP and parity AIx 1.63 (0.93-2.86) 0.80 (0.65-0.95) *

MAP 2.10 (1.25-3.51)

previous preeclampsia 3.02 (0.99-9.22)

AP, MAP and parity AP 1.72 (1.06-2.56) 0.82 (0.66-0.97)*

MAP 1.94 (1.15-3.27)
previous preeclampsia 3.27(1.06-10.15)

AIx: augmentation index, AP: augmentation pressure, MAP: mean arterial pressure * Area 
significantly different from 0.5
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Table 2. Hemodynamic measurements at 8-11 weeks gestational age and at 29 weeks postpartum. 
Nulliparous women (n=235) Multiparous women with previous preeclampsia (n=42)

Outcome No preeclampsia Preeclampsia No preeclampsia Preeclampsia
8-11 w 29 w PP 8-11 w 29 w PP 8-11 w 29 w PP 8-11 w 29 w PP

n=225 N=172 n=10 N=7 n=35 n=25 N=7 N=5

Heart rate (b/m) 70±8 66±9* 69±6 69±6 70±8 69±13 71±6 70±11

SBP (mmHg) 121±8 119±11* 129±15† 132±16V 119±8 122±13 129±5† 125±10

DBP (mmHg) 67±6 69±8* 71±9† 73±9 68±7 74±9* 76±5† 75±8

MAP (mmHg) 87±6 89±9* 96±12† 97±12† 89±8 95±8* 98±5† 97±8

AIx (%) 17 (-11-47) 24 (3-45)* 26 (9-36) † 25 (20-38) 17 (-3-39) 26 (11-48)* 23 (17-33) 27 (18-29)

AP (mmHg) 6.5 (0.9-22.5) 9.4 (1.3-22.2)* 12.3(2.7-19.2) † 11.1 (9.0-25.7) 7.1 (1.1-20.1) 9.5 (3.7-31.3)* 9.8 (6.5-16.1) 10.1(7.4-14.1)
DAIx - 7.5±10.9 - 2.2±12.4 - 6.7±10.5 - 0.25±10.5

Data are presented as mean (± standard deviation) or median (range) *P<0.05 vs first 
trimester,†P<0.05 vs. no preeclampsia, PP: postpartum, SBP: systolic blood pressure, DBP : 
diastolic blood pressure, MAP: mean arterial pressure, AIx : augmentation index, AP : augmentation 
pressure

trimester and 29 weeks postpartum values were comparable. Nulliparous and parous 

women with a previous preeclampsia were similar in this respect. DAIx was higher in 

women with normal pregnancy compared to women who developed preeclampsia, 

although this difference did not reach statistical significance.

Figure 1 shows bar plots of the incidence of preeclampsia for different classes of AIx, AP 

and MAP, for the complete population of nulliparous and parous women with previous 

preeclampsia. All plots had statistical significance by chi-square analysis except for AIx. 

Within the time window of 8-11 weeks, gestational age was not correlated with AIx, AP 

or MAP (Pearson correlation coefficient < 0.1).

Table 3 shows the results of the planned logistic regression analyses. AIx, AP and MAP at 

8-11 weeks gestational age were significantly associated with later preeclampsia when 

adjusted for parity. When entered in combination with MAP AIx and AP remained in the 

model. The model with the highest area under the curve of the ROC curve used AP, MAP 

and parity. 

DISCUSSION

In this prospective cohort of women with normal blood pressure we found positive 

associations between higher AIx, AP and mean arterial pressure at 8-11 weeks gestational 

age and later development of preeclampsia. Within the gestational age window of 

the study these parameters were not affected by gestational age. Although all indices 

generally demonstrated similar associations and measures of model fit, the combination 

of augmentation pressure, previous preeclampsia and mean arterial pressure showed 
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the strongest association and best model fit. The additive effect of AIx or AP to MAP and 

parity was small. 

Based on our data we conclude that differences in early pregnancy hemodynamic 

measurements between women, who develop preeclampsia later and women who do not, 

are not pre-existing and only due to early pregnancy adaptation. We found no differences 

between nulliparous women and parous women with previous preeclampsia both in 

the first trimester as well as 29 weeks postpartum. Both subgroups had a significantly 

lower blood pressure, AIx and AP in the first trimester compared to postpartum values 

when pregnancy developed normally, reflecting early pregnancy adaption. Women who 

developed preeclampsia, irrespective of parity, had similar values in the first trimester 

as 29 weeks postpartum. Postpartum values of AIx and AP were comparable between 

women who had an uncomplicated pregnancy and women who had preeclampsia. Blood 

pressure was higher 29 weeks postpartum in nulliparous women with preeclampsia; 

this seems to contradict our previous statement unless a longer interval is needed for 

normalization of blood pressure. A longer recovery interval for blood pressure is supported 

by our observation of similar first trimester blood pressure values in nulliparous women 

and in parous women with a previous preeclampsia with an uncomplicated pregnancy. 

One of the limitations of our study is our limited sample size; we cannot rule out small 

differences between the subgroups. Because of the limited sample size we could not 

adjust for other known confounders like age and body mass index. We excluded parous 

women with previous preeclampsia who had chronic hypertension because the use of 

antihypertensive medication could influence arterial stiffness. In addition, these women 

were not included because the elevated risk of these conditions for preeclampsia or 

pregnancy induced hypertension precludes the usefulness of further risk assessment.28 

Despite not selecting this high risk group, the incidence of preeclampsia was high in the 

remaining women with previous preeclampsia (4.3 % vs. 16.7%)

We could not confirm the high association of the AIx and AP with later preeclampsia as 

found by Khalil et al.10;11 In two studies (one cohort, one case-control) using applanation 

tonometry for calculation of AIx, AIx-75 and AP at 110/7-13 6/7 weeks of pregnancy this 

group observed an area under the ROC curve of approximately 0.9 for AIx, AIx-75 

and AP using univariate analysis. Their first study population was specified as low-

risk, with 43% nulliparous women, but with an incidence of preeclampsia of 6.7% (of 

which 50% developed preeclampsia <34 weeks). This is a high incidence of severe 

preeclampsia in a low risk population and cannot be compared with our nulliparous 

women. The second population was specified as high risk with 10.3 % preeclampsia. A 

second difference is that in our study early pregnancy blood pressure differed between 

women who developed preeclampsia and women who did not, with a comparable level 
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of association as described by Cnossen et al15, while in both studies by Khalil et al no 

difference in blood pressure was observed between women who developed preeclampsia 

and women who did not. Thirdly, their population contained a high percentage of Afro-

Caribbean women (37%), while our population was predominantly Caucasian. These 

differences in study population could explain the difference in level of association of AIx 

and AP with our study.

Because a negative linear correlation exists between heart rate and AIx some advocate 

to standardise AIx calculation for a heart rate of 75 beats per minute. However, studies 

regarding arterial stiffness and changing heart rates report conflicting results. Studies 

using pacing have different results compared to studies with other methods to adjust 

for heart rate.29;30 This makes it impossible to use standard formula’s to adjust the AIx 

to heart rate and these formulas are not validated in pregnancy. We therefore decided 

not to use a standardised AIx. In our study population heart rate was similar between 

subgroups and thus standardisation would not have changed our findings.

We used finger arterial waveform registration for calculation of AIx and AP while most 

studies use Sphygmocor® or other applanation tonometry devices. One of the advantages 

of finger arterial waveform registration is that it uses a cuff around the finger instead of 

a transducer which has to be hold in place. This easier application allows for a sufficient 

rest period and stabilization of the signal in advance of the measurement window. 

All these devices have in common that the aortic pressure used for calculating AIx and 

AP is not measured but reconstructed from a peripheral pulse wave registration. Invasive 

methods are not widely useful in populations for screening purposes. This approach has 

been validated in a wide variety of healthy and patient populations.31 

CONCLUSION

Combined use of MAP and AP at 8-11 weeks in a model had the highest level of association 

with later preeclampsia although the differences between the models were small. Our 

results do not support the addition of AIx or AP to blood pressure measurement, which is 

far easier to apply, for the assessment of risk for preeclampsia.

The differences in blood pressure, AIx or AP in the first trimester between women who will 

develop preeclampsia and women whose pregnancy will develop normally seem to be 

pregnancy related and not pre-existing. These differences could reflect an inadequate 

hemodynamic adaption to pregnancy.
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ABSTRACT

Objective 

Investigating the association of preeclampsia and gestational hypertension with 

psychosocial stress in the first half of pregnancy.

Design Prospective community-based cohort study 

Setting Amsterdam, The Netherlands

Population 

Between January 2003 and March 2004 all pregnant Amsterdam women (n= 12 377) 

were invited to fill out a questionnaire with sociodemographic and psychosocial variables 

(response rate 67%). Only nulliparous women with a singleton pregnancy, who completed 

the questionnaire before 24 weeks, and delivered after 24 weeks, were included.

Methods 

A postpartum questionnaire was used to gather information on hypertension or proteinuria. 

If this questionnaire was not available the national obstetric register was used for pregnancy 

outcome. Medical files were examined for women with hypertension and/ or proteinuria 

to confirm the diagnosis of pre-eclampsia and gestational hypertension according to the 

International Society for the Study of Hypertension in Pregnancy guidelines. Psychosocial 

stress was defined as work stress (Work Experience and Appreciation Questionnaire partly 

based on the Job Content Instrument of Karasek et al.), anxiety (the State-Trait Anxiety 

Inventory, STAI), depression (Center for Epidemiological Studies Depression Scale, CES-

D) and pregnancy related anxiety (PRAQ-R). The association of psychosocial stress with 

the incidence of preeclampsia and gestational hypertension was explored by multivariate 

analysis adjusted for sociodemographic and medical confounders.

Main outcome measures Incidence of preeclampsia and gestational hypertension.

Results 

3679 women were included. The incidence of preeclampsia and gestational hypertension 

was respectively 3.5% and 4.4%. Work stress, anxiety, pregnancy related anxiety or 

depression had no effect on the incidence of preeclampsia or gestational hypertension. 

Conclusion 

Psychosocial stress in the first half of pregnancy does not influence the incidence of 

preeclampsia and gestational hypertension in nulliparous women.
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INTRODUCTION 

Hypertensive disorders of pregnancy are a major cause of maternal and fetal mortality 

and morbidity, and affect approximately 8% of all pregnancies.1 Although risks for adverse 

events are largest in case of pre-eclampsia, gestational hypertension too is associated 

with maternal and fetal mortality and morbidity.

The precise pathogenesis of preeclampsia and gestational hypertension is unknown. The 

origin is thought to be associated with abnormal placentation early in pregnancy, which 

may be caused by immunological, genetic or environmental factors.1 Maternal factors 

like increased age, obesity, chronic hypertension, diabetes mellitus, renal and connective 

tissue diseases are all known to be associated with both preeclampsia and gestational 

hypertension. It is still unclear whether preeclampsia, gestational hypertension and 

haemolysis, elevated liver enzymes, low platelet count (HELLP) syndrome are different 

stages of the same disorder or related, yet different syndromes.2;3 Here we focus on 

the claimed association between psychosocial stress of the mother and hypertensive 

disorders of pregnancy.4-8 Stress activates the hypothalamus- pituitary- adrenal cortex 

system (HPA) which in turn increases in levels of corticosteroids and catecholamines. 

Stress also activates the sympathetic nervous system and affects the immune system.9;10 

Increased levels of corticotrophin releasing hormone 11 and increased sympathetic activity 

have been observed in women with preeclampsia and gestational hypertension.12-14 

Because psychosocial stress is, in part, an external factor, which could be mediated by 

intervention, it is relevant to obtain more knowledge on the association with preeclampsia 

and gestational hypertension. 

This study investigates the association of psychosocial stress early in pregnancy and the 

development of hypertensive disorders later in pregnancy in a prospective cohort of 

nulliparous women and compares preeclampsia and gestational hypertension to assess 

possible dissimilarities in origin.

METHODS

Study population

The present study is part of the Amsterdam Born Children and their Development study 

(ABCD-study).15 This prospective community-based study examined the relationship 

between various lifestyles during pregnancy and pregnancy outcome in a multicultural 

population. Between January 2003 and March 2004, 12 381 Amsterdam women who 

attended antenatal care for their first check-up were approached by their obstetric caregiver 
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to participate in the study. Within 2 weeks a questionnaire (pregnancy questionnaire) on 

sociodemographic characteristics, medical history, psychosocial stress and lifestyle was 

sent to the pregnant women to be filled out at home and returned by prepaid mail. All 

nulliparous women with singleton pregnancy, who filled out the pregnancy questionnaire 

before 24 weeks gestational age, and who delivered after 24 weeks were included.

Pregnancy outcome, infant gender, birth weight and gestational age were additionally 

obtained from a second questionnaire (infant questionnaire) who completed 3-5 months 

after delivery and the Youth Health Care of the Municipal Health Service registry in 

Amsterdam. In case no infant questionnaire was filled out information about pregnancy 

outcome was gathered from the National Obstetric Register. In the women who were 

registered as having hypertension and/ or proteinuria we verified from medical records 

if the diagnosis was gestational hypertension or preeclampsia according to the criteria 

of the International Society for the Study of Hypertension in Pregnancy.16 Five percent of 

the women in the control group were randomly selected for verification of data from their 

medical records. The study protocol was approved by the medical ethical committees of 

all Amsterdam hospitals and the Municipal Privacy Protection Committee of Amsterdam. 

Participation and permission for data retrieval rested on written consent. 

Definitions of hypertensive disorders

Gestational hypertension was defined as a diastolic pressure ≥ 90 mmHg after 20 weeks 

in a previously normotensive woman. Preeclampsia was defined by the combination 

of gestational hypertension and proteinuria ≥ 0.3 g/ 24 h or dipstick ≥ ++ after 20 

weeks gestation, according to the International Society for the Study of Hypertension in 

Pregnancy guidelines.16 Women with chronic hypertension who had a diastolic pressure 

≥ 90 mmHg after 20 weeks gestation were included in the gestational hypertension 

group. Superimposed preeclampsia was defined as de novo proteinuria ≥ 0.3 g/ 24 

h or dipstick ≥ ++ after 20 weeks gestation together with a diastolic pressure ≥ 90 

mmHg in women with chronic hypertension. Chronic hypertension was defined as a 

systolic pressure ≥140 mmHg and/or diastolic pressure ≥ 90 mmHg or the necessity for 

antihypertensive treatment before pregnancy or before 20 weeks gestational age. 

Measurement of psychosocial stress

Psychosocial stress was decomposed into four main components; work stress, depression, 

anxiety and pregnancy-related anxiety, with all concepts measured by internationally 

accepted instruments. Work stress was examined using four variables: total working 

hours, workload, work control and job strain. Total working hours was defined as the 

weekly hours of paid work which was categorized in ‘no work’ ‘<32 h’ and ‘≥ 32 h’. 

Workload was measured using three scales and workcontrol using one scale of the Work 
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Experience and Appreciation Questionnaire of Van Veldhoven et al.17, partly based on 

the Job Content Instrument of Karasek et al.18 The scales used were pace of work (11 

items), mental work load (7 items), physical work load (7 items) and job control (11 

items). Items were scored on a four-point-scale (0=never, 1=sometimes, 2=often and 

3=always). The reported working hours were used as a separate variable. The scores 

for workload and workcontrol were trichotomised into three categories, for workload: 

low (< 50th percentile) moderate (between 50th and 90th percentile) and high (>90th 

percentile), for workcontrol: high (> 50th percentile), moderate (between 10th and 50th 

percentile) and low (< 10th percentile). Jobs that are high in workload (>P90) and low 

in control (<P10) are presumed to give the most stress (job strain) and negative health 

effects.19 Women with high workload and low or moderate workcontrol were defined as 

having high job strain, women with low workload and high or moderate control as low 

job strain and al remaining women as moderate job strain. The total score of the three 

mood scales were all trichotomised round the 50th and 90th percentiles to create three 

categories: low, moderate and high. 

Depressive symptoms were measured by the Dutch version (validated by Hanewald)20 of 

the Center for Epidemiological Studies Depression Scale (CES-D)21. The 20-item CES-D 

scale assesses the self-reported frequency of depressive symptoms experienced over the 

past week. Items were scored on a four-point scale (0= (almost) never, 1=sometimes, 

2=often and 3=very often). 

The Dutch version of the State-Trait Anxiety Inventory (STAI) was used to measure anxiety 

symptoms22. The state anxiety scale consists of 20 items and asks subjects to indicate 

how they felt in the past week. Subjects rated each item on a four-point scale (0= almost 

never, 1=sometimes, 2=often and 3=very often). 

Anxiety and specific fears related to pregnancy were measured by three scales developed 

by Huizink et al.23 and based on the revised version of the Pregnancy Related Anxiety 

Questionnaire (PRAQ-R) of Van den Bergh.24 The scales used were ‘fear of giving birth’ 

(three items), ‘fear of bearing a handicapped child’ (four items) and ‘concern about 

one’s appearance’ (three items). Items were scored on a four-point scale (4=very true, 

3=not true, 2=true, 1=certainly not true).

In this study internal consistencies (Cronbachs’alphas) were 0.90 for the depression 

scale, 0.94 for the anxiety scale, 0.81 for the total pregnancy related anxiety scale, 0.85 

for the total work load scale and 0.92 for the control scale. 

Characteristics and Covariates

Covariates were decomposed in two categories; sociodemographic and medical 

covariates. Sociodemographic covariates are maternal age, education, marital status and 
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ethnicity. Medical covariates included pre-pregnancy body mass index (BMI), smoking 

during pregnancy, previous miscarriage/ abortion, chronic hypertension, diabetes and 

vaginal haemorrhage during pregnancy. Maternal age, gestational age (based on 

routine first trimester ultrasound examination or, if unavailable, on the timing of the last 

menstrual period), birth weight and infant gender, were obtained from the Youth Health 

Care registration of the Municipal Health Service in Amsterdam. All other variables 

were self reported and defined as follows: maternal education (years of education after 

primary school; 3 categories: < 5 years; 5-10 years; > 10 years), marital status (married/

cohabiting or single) and ethnicity (Caucasian, black, Turkish/Moroccan and other 

countries). Pre-pregnancy BMI was calculated using weight and height. Missing data on 

pregravid maternal weight (about 5% compared to 1% general missing) were formally 

imputed by models using maternal length and parity data, retaining the variability of 

the data. Smoking during pregnancy (yes or no), previous miscarriage/ abortion (yes or 

no), vaginal haemorrhage during pregnancy (yes or no). Women were asked if they had 

hypertension, diabetes mellitus or other disease during their pregnancy and if they used 

medication. This was classified according to the International Classification for Primary 

Care. If women used medication for a specific disease but did not fill in this disease (e.g. 

insulin) they were classified as having the associated disease (diabetes). 

Statistical analysis

We estimated the effects of psychosocial stress for all seven variables of psychosocial 

stress separately by predefined explorative logistic regression models, with increasing 

levels of adjustment. First univariate analysis was applied for each variable to estimate the 

unadjusted effects. Subsequently multivariate logistic regression was performed to adjust 

for medical covariates. Those medical covariates that were statistically significant in this 

analysis were combined with the sociodemographic covariates in a second multivariate 

logistic analysis. The selection of covariates that influenced the model significantly was 

performed by back step procedure with the p value for entry set at 0.05 and for removal 

at 0.10. 

For all work-related stress variables employed women with the least heavy working 

condition were taken as the reference category, while unemployed women were taking 

as a separate category. For anxiety, depression and pregnancy related anxiety; women 

with the least anxiety/depressive feelings were taken as the reference category. The level 

of significance used was p<0.05. Statistical calculations were performed with SPSS 

12.0.2(SPSS Inc.Chicago, IL).
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Figure 1. Inclusion
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RESULTS

In total, 12 373 women were invited for the ABCD-study and 8266 women returned the 

questionnaire (response rate 67%). 3679 women were included in our study according 

to our selection criteria (see figure 1). The median gestational age at completing 

the pregnancy questionnaire was 15.6 weeks (quartiles 14.0-17.3). The diagnosis 

preeclampsia or gestational hypertension could not be confirmed in the medical files in 

300 of the 599 women, who were registered as hypertensive disorder in the National 

Obstetrics Register, or who indicated this in the second questionnaire. These women were 

allocated to the control group. The medical records of the randomly selected women in 

the control group (n=190) confirmed correct allocation to the control group. Thirteen 

files could not be traced and these women were allocated to the control group (Figure 1). 

Table 1. Sociodemographic and medical characteristics of included women.
Total group Controls PE GH

N (%) 3679(100) 3390 (92.1) 128 (3.5) 161 (4.4)
Birth weight (g) 3381 ± 557 3397 ± 530 2875 ± 979 3380 ± 561

Gestational age (days) 278 ± 14 278 ± 14 264 ± 22   278 ± 13

Age (years) 29.9 ± 5.1 29.8 ± 5.1 31.6 ± 5.0  30.9 ± 4.7

Etnicity 

-Caucasian 2461 (100) 2250 (91.4) 91 (3.7) 120 (4.9)

-Black 157 (100) 148 (94.3) 4 (2.5)     5 (3.2)

-Turkish/Moroccan 347 (100) 324 (93.4)    9 (2.6)   14 (4.0)

- Other 712 (100) 666 (93.5)  24 (3.4)   22 (3.1)

Education N (%)

-0-5 years 557 (100) 527 (94.6)  17 (3.1)  13 (2.3)

-6-10 years 1445 (100) 1324 (91.6)  48 (3.3)  73 (5.1)

->10 years 1651 (100) 1514 (91.7)  63 (3.8)  74 (4.5)

Marriage/ co-habitation N (%)

no 497 (100) 471 (94.8)  10 (2.0)  16 (3.2)

BMI (kg/m2) 22.6 ± 3.7 22.4 (3.6)   23.7 (4.4)   24.5 (4.1)

Chronic hypertension N (%)

yes 92 (100) 56 (60.9)  21 (22.8)  15 (16.3)

Diabetes N (%)

yes 19 (100) 16 (84.2)    1 (5.3)    2 (10.2)

Smoking in pregnancy N (%)

yes 343 (100) 329 (94.8)  10 (2.9)     8 (2.3)

Miscarriage/ abortion N (%)

yes 969 (100) 890 (91.8)  30 (3.1)   49 (5.1)

Hemorrhage N (%)
yes 431 (100) 404 (93.7) 15 (3.5) 12 (2.8)

Data are expressed as mean ± SD or n (%)
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The incidence of preeclampsia was 3.5% and 4.4% of the women had gestational 

hypertension. Women in the preeclampsia group were older than those in the control 

group and both women in the preeclampsia and gestational hypertension group had a 

higher pre-pregnancy BMI and had more often chronic hypertension. Fewer women in 

the preeclampsia group were married or lived with a partner (Table 1).

Table 2. Odds ratio’s with 95% confidence limits for preeclampsia (PE) of psychosocial stress, 
calculated by univariate analysis, by multivariate analysis using Model 1 and Model 2.

Controls(%) PE(%) Univariate effects Multivariate effects 
model 1

Multivariate effects 
model 2

Working hours
No work 24.5 14.4 0.53(0.29-0.97)* 0.49 (0.26-0.89)* 0.58 (0.30-1.11)

< 32 19.5 21.6 1 1 1

≥ 32 h 66.0 64.0 1.04 (0.67-1.63) 1.01 (0.64-1.60) 0.93 (0.59-1.49)

Workload

No work 24.5 14.3 0.61 (0.35-1.06) 0.54 (0.31-0.96)* 0.69 (0.38-1.27)

Low 35.6 34.1 1 1 1

Moderate 31.9 39.7 1.30 (0.86-1.97) 1.17 (0.76-1.80) 1.16 (0.75-1.78)

High  8.0 11.9 1.60 (0.88-2.92) 1.46 (0.78-2.72) 1.76 (0.94-3.29)

Workcontrol

No work 24.6 14.3 0.53 (0.31-0.92)* 0.49 (0.28-0.87)* 0.66 (0.36-1.21)

High 36.5 39.7 1 1 1

Moderate 30.5 32.5 0.98 (0.64-1.49) 0.99 (0.68-1.29) 1.07 (0.69-1.65)

Low  8.4 13.5 1.49 (0.85-2.62) 1.25 (0.68-2.29) 1.51 (0.81-2.82)

Jobstrain

No work 24.6 14.3 0.62 (0.35-1.09) 0.55 (0.31-0.99)* 0.71 (0.38-1.32)

Low 33.1 31.2 1 1 1

Moderate 36.7 48.0 1.39 (0.92-2.91) 1.27 (0.83-1.93) 1.27 (0.83-1.95)

high  5.6  6.5 1.36(0.65-2.85) 1.24 (0.58-2.66) 1.61 (0.75-3.49)

Anxiety

Low 45.9 50.0 1 1 1

Moderate 40.8 37.5 0.82 (0.56-1.20) 0.74 (0.49-1.10) 0.86 (0.57-1.30)

High 13.3 12.5 1.08 (0.61-1.91) 0.95 (0.52-1.75) 1.38 (0.74-2.58)

Depression

Low 46.5 50.4 1 1 1

Moderate 42.7 37.0 0.80 (0.55-1.18) 0.76 (0.51-1.13) 0.86 (0.58-1.29)

High 10.8 12.6 1.06 (0.60-1.85) 0.85 (0.46-1.56) 1.29 (0.68-2.42)

Pregnancy related anxiety

Low

Moderate 46.3 50.0 1 1 1

High 42.5 38.1 0.83 (0.57-1.22) 0.80 (0.54-1.19) 0.82 (0.55-1.22)

11.2 11.9 0.98 (0.55-1.73) 0.91 (0.50-1.65) 1.13 (0.61-2.07)
Model 1:Adjusted for BMI, chronic hypertension, diabetes mellitus, smoking in pregnancy, previous 
miscarriage/ abortion and haemorrhage; Model 2:Model 1 + additional adjusted age, ethnicity, 
education and marriage/ co-habitation; *significance level <0.05



108

Working, irrespective of the duration, was associated with approximately twice the 

risk for preeclampsia and gestational hypertension in comparison to not working in 

univariate analysis. If high or moderate work control was present, risks were similar to not 

working. Low work control increased the risks considerably (pre-eclampsia about 3 times 

Table 3. Odds ratio’s with 95% confidence limits for gestational hypertension (GH) of psychosocial 
stress, calculated by univariate analysis, by multivariate analysis using Model 1 and Model 2.

Controls (%) GH(%) Univariate effects Multivariate effects 
model 1

Multivariate effects 
model 2

Working hours
No work 24.5 15.0 0.63 (0.37-1.10) 0.58 (0.33-1.04) 0.72 (0.40-1.31)

< 32 h 19.5 18.8 1 1 1

≥ 32 h 66.0 66.2 1.24 (0.82-1.88) 1.30 (0.84-2.00) 1.22 (0.79-1.89)

Workload

No work 24.5 15.1 0.57 (0.35-0.92)* 0.50 (0.30-0.82)** 0.66 (0.39-1.14)

Low 35.6 38.4 1 1 1

Moderate 31.9 38.4 1.12  (0.78-1.61) 1.09 (0.75-1.59) 1.11 (0.76-1.61)

High  8.0 8.1 0.97 (0.53-1.81) 0.86 (0.44-1.65) 0.97 (0.50-1.88)

Workcontrol

No work 24.6 15.1 0.52 (0.32-0.83)* 0.45 (0.27-0.73)* 0.60 (0.35-1.03)

High 36.5 43.4 1 1 1

Moderate 30.5 33.4 0.92 (0.63-1.32) 0.89 (0.61-1.30) 0.93 (0.64-1.37)

Low  8.5 8.1 0.82 (0.45-1.51) 0.71 (0.37-1.35) 0.83 (0.43-1.59)

Jobstrain

No work 24.6 15.1 0.58 (0.35-0.94)* 0.50 (0.30-0.83)** 0.67 (0.39-1.16)

Low 33.1 35.3 1 1 1

Moderate 36.7 43.3 1.11 (0.77-1.59) 1.08 (0.77-1.57) 1.11 (0.77-1.61)

high  5.6 6.3 1.05 (0.53-2.09) 0.87 (0.41-1.84) 1.03 (0.48-2.20)

Anxiety

Low 45.9 48.5 1 1 1

Moderate 40.8 39.1 0.97 (0.69-1.36) 0.84 (0.59-1.19) 0.95 (0.66-1.36)

High 13.3 12.4 1.21 (0.73-2.01) 1.11 (0.65-1.89) 1.46 (0.84-2.54)

Depression

Low 46.5 49.1 1 1 1

Moderate 42.7 38.5 0.86 (0.61-1.20) 0.78 (0.55-1.11) 0.85 (0.60-1.22)

High 10.8 12.4 1.07 (0.65-1.78) 0.87 (0.51-1.51) 1.19 (0.67-2.11)

Pregnancy related anxiety

Low

Moderate 46.3 44.7 1 1 1

High 42.5 41.6 1.01   (0.72-1.43) 0.96 (0.67-1.36) 0.99 (0.69-1.41)
11.2 13.7 1.25 (0.77-2.05) 1.18 (0.71-1.96) 1.15 (0.87-2.47)

Model 1:Adjusted for BMI, chronic hypertension, diabetes mellitus, smoking in pregnancy, previous 
miscarriage/ abortion and haemorrhage; Model 2:Model 1 + additional adjusted age, ethnicity, 
education and marriage/ co-habitation;  * significance level <0.05; **significance level <0.01
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Table 4. Odds ratios of associated factors for preeclampsia and gestational hypertension 
compared with the controls. 

Pre-eclampsia Significance Gestational 
Hypertension

Significance

Age (year) 1.09 (1.04-1.14) <0.001 1.04(0.99-1.08) 0.08
Ethnicity  

-Caucasian 1 1

-Black 0.86 (0.25-2.95) 0.81 0.67 (0.20-1.58) 0.43

-Turkish/Moroccan 1.08 (0.49-2.40) 0.85 1.04 (0.53-2.03) 0.91

- Other 0.98 (0.60-1.61) 0.95 0.66 (0.41-1.08) 0.10

Education 

-0-5 years 1 1 1

-6-10 years 0.91 (0.48-1.71) 0.612 2.19 (1.12-2.27) 0.22

->10 years 1.00 (0.52-1.93) 0.847 2.01 (0.99-4.06) 0.052

Not married/ co-habitation 0.38 (0.18-0.81) 0.01 0.72 (0.41-1.29) 0.27

BMI (kg/m2) 1.07 (1.03-1.11) 0.002 1.12 (1.09-1.15) <0.001

Chronic hypertension 12.51 (6.95-22.53) <0.001 5.80 (3.00-11.22) <0.001

Diabetes 0.79 (0.91-6.86) 0.83 1.51 (0.29-7.60) 0.62

Smoking in pregnancy 1.08 (0.56-2.21) 0.76 0.60 (0.29-1.26) 0.18

miscarriage/ abortion 0.77 (0.49-1.20) 0.25 1.37 (0.95-1.97) 0.91
Haemorrhage 0.94 (0.54-1.67) 0.85 0.55 (0.30-1.01) 0.053

Odds ratio’s adjusted for all the other variables in table

and gestational hypertension about 2 times). Any grade of job strain was associated 

with approximately twice the risk for preeclampsia and gestational hypertension in 

comparison to not working. No association between the stress components (job strain, 

anxiety, depression or pregnancy-related anxiety) and preeclampsia or gestational 

hypertension remained after adjustment for medical and socioeconomic covariates by 

logistic regression analysis (Table 2 and 3). 

In table 4 the odds ratio’s of the covariates that were used in this analysis are demonstrated. 

Maternal age, high BMI and chronic hypertension contributed significantly to the model 

for preeclampsia and for gestational hypertension. Being single was associated with a 

significant reduction of preeclampsia, but did not contribute to the model for gestational 

hypertension. None of the other confounders contributed significantly to the models, 

although higher education and vaginal bleeding in the first half of pregnancy came close 

to statistical significance in the models for gestational hypertension.
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DISCUSSION 

In this study we found no association of work stress, anxiety, depression or pregnancy-

related anxiety early in pregnancy and the development of gestational hypertension or 

preeclampsia later in pregnancy.

Four studies observed an association of preeclampsia / gestational hypertension with job 

strain in working women.4-6;25 Some of these studies used job title to calculate jobstrain 

rather than individually experienced stress which is regarded as more trustworthy. 4;5 

Although associations in these studies reached statistical significance, the size of their 

effects was small (odds ratio’s between 1.5 and 3) and larger in case-control than in 

cohort studies. Most studies adjusted for confounders, although the set of variables was 

considerably smaller than used in our study. Kurki et al. found a significant association 

of anxiety and depression with preeclampsia.26 They used a questionnaire with one 

question for assessment of anxiety and a modified depression questionnaire which was 

originally designed for psychiatric patients. They found a prevalence of depression of 

30%, while other studies observed a prevalence in pregnant women of approximately 12 

%, which suggest that the questionnaire Kurki et al. used was not suitable for population 

studies.27 A recent study by Leeners et al. found a significant effect of emotional stress 

in pregnancy on the incidence of hypertensive disorders of pregnancy (OR 1.6 CI 1.15-

2.9). In this retrospective case-control study a recall bias can not be excluded. The 

emotional stress level experienced during the pregnancy by the women with hypertensive 

disorders of pregnancy could be influenced by the disease and the experienced stress 

from hospital admissions and treatment. Similar to our study, two other prospective 

studies did not observe an association between depression or anxiety and hypertensive 

complications.28;29 Sikkema et al. also used the STAI and PRAQ-R while Andersson et al. 

used The Primary Care Evaluation of Mental disorders system, a questionnaire validated 

for use in primary care settings.

One of the strong points of our study was that we investigated prospectively four main 

components of psychosocial stress by use of well-validated questionnaires and in the 

beginning of pregnancy, as it is assumed that the preclinical origin of hypertensive 

disorders of pregnancy is situated early in pregnancy.1 On the contrary, we were not 

informed about events later in pregnancy. However, it has been described that feelings of 

anxiety and depression are stable during pregnancy.30

One of the limitations of our study was that all data about psychosocial stress were self 

reported without clinical verification. This could cause a report bias underestimating or 

exaggerating perceived stress. Possible cultural differences in interpreting questionnaires 

and response style could also cause a cross-cultural bias in our multicultural population. 
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To prevent a report bias in diagnosis we retrieved all medical files of women who reported 

hypertension and/ or proteinuria according to the infant questionnaire or national 

obstetric register to confirm the diagnosis preeclampsia or gestational hypertension. 

There was no pre-eclampsia or gestational hypertension in the randomly selected files of 

the control group.

Although our study group was large, due to the low incidence of preeclampsia and 

gestational hypertension and due to low numbers in the highest work and anxiety 

classification groups, the confidence intervals of the risk estimates are large. Small effects 

could have been overlooked therefore. However, all odds ratio’s are close to 1 and 

the clinical importance appears negligible, even if in a larger study population some 

effects (e.g. no work) might have reached statistically significance. Psychosocial stress 

is therefore not suitable as a target for intervention for prevention of preeclampsia and 

gestational hypertension. 

The covariates that were used in our study to adjust the effect of psychosocial stress on 

the incidence of preeclampsia and gestational hypertension have been well described 

by others and the size of the effects was comparable to what has been reported in 

literature (Table 4).2 In literature both young as well as older mothers are at risk.1;2 The 

mean age of the women in our study was 29.9 years and only 1.8 % was ≤ 18 years. 

This is comparable with the population of the Netherlands and the low incidence of 

teenage pregnancy could explain why only higher maternal age was a risk indicator. 

Why women who were living single had a lower incidence of preeclampsia remains 

unclear. In general, risk factors were comparable between preeclampsia and gestational 

hypertension suggesting a common origin of these two conditions.

The association of psychosocial stress and cardiovascular disease has been well 

described and it is assumed that this effect is mediated through a mechanism involving 

excessive sympathetic nervous system activation.31-33 In women with preeclampsia 

higher levels of cortisol releasing hormone and signs of higher sympathetic activity in 

comparison to women with normal pregnancies have been documented.12-14 However, 

haemodynamic and sympathetic-nerve responses to reflex tests (e.g. paced breathing, 

Valsalva manoeuvre, cold pressor test, isometric hand-grip exercise) did not differ 

between women with or without preeclampsia in these studies. This could implicate that 

sympathetic hyperactivity is associated with the origin of the disease but that this is not 

mediated by external stress. 
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CONCLUSION

This prospective cohort study could not detect any association between work and 

four major sources of stress (anxiety, depression, pregnancy-related anxiety and job 

strain) in the beginning of pregnancy, and the development with pre-eclampsia or 

gestational hypertension. Apparent univariate associations with a lower incidence of 

preeclampsia and gestational hypertension in women with no work disappeared after 

proper adjustment. The observed covariates were nearly identical for preeclampsia and 

gestational hypertension suggesting a common origin.
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ABSTRACT 

Objective
Assessment of the association of physical activity in leisure time with preeclampsia and 

gestational hypertension in the first half of pregnancy in nulliparous women. 

Design

Population based prospective cohort study.

Setting

Amsterdam, the Netherlands

Population

All Amsterdam pregnant women between January 2003 and March 2004 who were 

nulliparous with a singleton pregnancy and delivered after 24 weeks

Design 

At their first prenatal care visit women were invited to fill out a questionnaire with 

sociodemographic and psychosocial variables. Physical activity in leisure time in the 

past week was measured using questions about walking, cycling, doing sports and other 

activities in leisure time. The amount of minutes and intensity of each activity was studied 

using four categories; no, low, moderate or high activity. The 50th and 90th percentiles 

of the scores of the whole group was used to create these categories. Data from the 

National Obstetric Register were used for pregnancy outcome. By using multivariate 

logistic regression we adjusted for sociodemographic and medical confounders.

Main outcome 

Incidence of preeclampsia and gestational hypertension

Results 

A total of 12.377 women were invited with a response of 67%. 3679 nulliparous women 

were included. The incidence of preeclampsia and gestational hypertension was 3.5% 

and 4.4% respectively. The amount of time or intensity of physical activity in leisure time 

was not associated with a difference in risk of preeclampsia or gestational hypertension.

Conclusion 

Physical activity in leisure time early in pregnancy does not reduce the incidence of 

preeclampsia or gestational hypertension in unselected nulliparous women.
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INTRODUCTION

Hypertensive disorders of pregnancy are a leading cause of maternal and perinatal 

morbidity and mortality worldwide.1 The origin is thought to be associated with deficient 

placentation early in pregnancy, which in turn may be caused by immunological, genetic 

or environmental factors.2 The expression of the disease is mediated through endothelial 

dysfunction and increased systemic resistance, resulting in hypertension with a highly 

variable degree of organ dysfunction of which proteinuria is the most conspicuous. So 

far no effective treatment is available other than antihypertensive drugs and termination 

of pregnancy. 

Hypertensive disorders in pregnancy and adult cardiovascular diseases share 

predisposing conditions, like elevated blood pressure and obesity. Protective or disease 

modifying factors of cardiovascular disease might also be applicable for the prevention 

of hypertensive disorders in pregnancy. Physical activity is one such factor, known to 

prevent cardiovascular disease and to reduce its symptoms. Its precise mechanism is 

unclear, but an acceptable hypothesis is that it mediates a reduction of oxidative stress, 

which in turn influences the immune response and improves endothelial dysfunction.3-6 

These processes are also involved in the development of preeclampsia and gestational 

hypertension.2 Because physical activity is, in part, an external factor, which can be 

mediated by intervention, its association with preeclampsia and gestational hypertension 

is vital for the development of non-medical prevention strategies. A number of studies 

explored the association, but most studies were hampered by the low incidence of 

preeclampsia, and overall results appear inconsistent.7-11 

This study investigates the association between physical activity in leisure time early 

in pregnancy and the development of hypertensive disorders later in pregnancy in an 

unselected prospective cohort of nulliparous women.

METHODS

The present study is part of the Amsterdam Born Children and their Development study 

(ABCD-study).12 This prospective community-based study examined the relationship 

between various lifestyles during pregnancy and pregnancy outcome in a multicultural 

population. Between January 2003 and March 2004 12,381 Amsterdam women who 

attended antenatal care for their first visit were approached by their obstetric caregiver 

to participate in the study. Within two weeks a questionnaire (pregnancy questionnaire) 

on sociodemographic characteristics and lifestyle was sent to the pregnant women to 
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be filled out at home and returned by prepaid mail. Women who gave permission to 

follow-up received a second questionnaire (infant questionnaire) 3 months after birth 

concerning pregnancy outcome, lifestyles, and health of the baby. Additional data like 

pregnancy outcome, infant gender, birth weight and gestational age were obtained from 

the national obstetric register and the Youth Health Care of the Municipal Health Service 

in Amsterdam. 

Study population

All nulliparous women with singleton pregnancy, who filled out the pregnancy questionnaire 

before 24 weeks gestational age, who delivered after 24 weeks and gave permission 

for follow-up were included. The study protocol was approved by the medical ethical 

committees of all Amsterdam hospitals and the Municipal Privacy Protection Committee 

of Amsterdam. Participation and permission for data retrieval rested on written consent. 

Measurements

Gestational hypertension was defined as a diastolic pressure ≥ 90 mmHg after 20 weeks 

in a previously normotensive woman. Preeclampsia was defined by the combination 

of gestational hypertension and proteinuria ≥ 0,3 g/ 24 h or dipstick ≥ ++ after 20 

weeks gestation, according to the International Society for the Study of Hypertension in 

Pregnancy (ISSHP) guidelines.13 Superimposed preeclampsia was defined as de novo 

proteinuria ≥ 0,3 g/ 24 h or dipstick ≥ ++ after 20 weeks gestation together with a 

diastolic pressure ≥ 90 mmHg in women with chronic hypertension. Chronic hypertension 

was defined as a systolic pressure ≥140 mmHg and/or diastolic pressure ≥ 90 mmHg 

or the necessity for antihypertensive treatment before pregnancy or before 20 weeks 

gestational age. Women with chronic hypertension who had a diastolic pressure ≥ 90 

mmHg after 20 weeks gestation were included in the gestational hypertension group. 

The medical files of all women who documented elevated blood pressure in the infant 

questionnaire or who had a diastolic blood pressure ≥ 90 mmHg and/ or proteinuria 

in The National Obstetric Register were reviewed for confirmation of the diagnosis 

preeclampsia or gestational hypertension. If gestational hypertension was diagnosed first 

and proteinuria occurred later in pregnancy, preeclampsia was the assigned diagnosis. 

From the remaining women a random sample of 190 women was selected to validate the 

absence of hypertensive disorders during pregnancy by reviewing their medical records.

Physical activity in leisure time in the past week was questioned using four questions 

about walking, cycling, doing sports and other activities like ‘do it yourself’ or gardening 

in leisure time. The amount of time spent in minutes and the intensity (low, moderate or 

vigorous) was asked. We analyzed the amount of time spent on each activity and the total 

time spent on physical activity in leisure time. The scores were trichotomized using the 
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50th and 90th percentiles of the amount of minutes spent on activity of the total group to 

create four categories. The quantity of minutes spent on each activity was multiplied with 

the intensity (arbitrarily we coded low by 1, moderate by 2 and vigorous by 3), yielding 

a numerical score for each activity question, which were summated into a total score. 

These scores were trichotomized using the 50th and 90th percentiles of levels of intensity 

of activity of the total group to create four categories;no activity, low activity, moderate 

activity and high activity.

Characteristics and covariates

Maternal age, gestational age (based on routine ultrasound examination or, if 

unavailable, on the date of the last menstrual period), birth weight and infant gender 

were obtained from the Youth Health Care registration of the Municipal Health Service 

in Amsterdam. All other variables were self reported and defined as follows: maternal 

education (years of education after primary school; 3 categories: < 5 years; 5-10 years; 

> 10 years), marital status (married/cohabiting or single), pre-gravid maternal weight 

and height, previous miscarriage/ abortion (yes or no), smoking during pregnancy (yes 

or no). Women were asked if they had hypertension, diabetes mellitus or any other 

disease during their pregnancy, and if they used any medication. Drug utilization was 

classified according to the International Classification for Primary Care.14 If women used 

medication for a specific disease but did not report the disease (for example insulin) they 

were classified as having the disease (diabetes). Pre-pregnancy body mass index (BMI) 

was calculated. Missing data on pregravid maternal weight (about 5% compared to 1% 

general missings) were formally imputed by models using maternal length and parity 

data, retaining the variability of the data.

Statistical analyses

To compare groups one-way ANOVA with post-hoc Bonferoni analysis or Pearson’s 

chi-square test was used. We estimated the effects of physical activity in the beginning 

of pregnancy on the incidence of preeclampsia or gestational hypertension later in 

pregnancy by predefined explorative logistic regression models, with increasing levels of 

adjustment. First univariate analysis for each variable was used to calculate unadjusted 

odds ratio’s. Subsequently multivariate logistic regression was performed to adjust for 

medical covariates: BMI, chronic hypertension, diabetes mellitus, previous miscarriage/ 

abortion, smoking in pregnancy and haemorrhage in the first half of pregnancy (model 

1). Those medical covariates that were statistically significant in this analysis were 

combined with sociodemographic covariates in a second multivariate logistic analysis. 

Sociodemographic covariates were age, ethnicity, education and marriage/ co-habitation 

(model 2). The selection of covariates that influenced the model significantly was 
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performed by back step procedure with the p value for entry set at 0.05 and for removal 

at 0.10. Women with no physical activity were taken as the reference category. The 

Hosmer and Lemeshowtest was used to test the goodness of fit of the data. The level of 

significance used was p<0.05. Statistical calculations were performed with SPSS 14.0.2( 

SPSS Inc.Chicago, IL).

RESULTS

In all, 12,373 women were invited for the ABCD-study and 8266 women returned the 

questionnaire (response rate 67%). Of these 3679 nulliparous women were included in 

our study according to our selection criteria. The median gestational age at completing 

the pregnancy questionnaire was 15.6 weeks (quartiles 14.0-17.3). From the 599 

women, who reported elevated blood pressure in the questionnaire or who were coded 

as such in the national obstetric register, the diagnosis preeclampsia was confirmed 

in 128 women (3.5%) by reviewing the medical records and gestational hypertension 

in 161 women(4.4%). Ten medical files could not be retrieved and 300 women had 

neither preeclampsia nor gestational hypertension. These women were all allocated to 

the control group. From the 190 women, who were preselected in the control group 

for confirmation by reviewing medical files, 187 files could be assessed. None of these 

women had preeclampsia or gestational hypertension during their pregnancy and all 

were correctly allocated to the control group. All women whose medical files could not 

be retrieved, were all allocated to the control group. The selection of our study group 

is described elsewhere using the same cohort for studying the influence of psychosocial 

stress on preeclampsia and gestational hypertension.15

From 80 women (2%), information of physical activity was missing. Demographic and 

medical characteristics according to degree of physical exercise are presented in Table 

1. Women with no or low leisure time physical activities were significantly younger (p < 

0.001), less often Caucasian (p < 0.001), had a higher BMI (p = 0.005) and a lower 

education (p < 0.001). Women with no physical activity also smoked more often (p < 

0.001) and lived more often single (p < 0.001). They delivered earlier and birthweight 

was lower compared tomothers who performed any exercise (p < 0.001). Low exercise 

level was associated with shorter gestational length and lower birthweights compared to 

moderate but not high exercise (p < 0.05). Women with moderate or high total leisure 

time physical activities were similar for these parameters.

The incidence of preeclampsia and gestational hypertension did not differ between the 

groups with different total physical activities in leisure time based on time and intensity. After 
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adjustment for possible confounders, walking, bicycling, playing sports, other activities 

or performing any physical activity in leisure time (minutes/week) were not associated 

with a reduction of preeclampsia (Table 2) or gestational hypertension (Table 3). When 

women spent more than 585 minutes on physical activities, the adjusted odds ratio 

was 0.62 (95%CI (confidence interval) 0.25–1.53) for preeclampsia and 0.54 (95%CI 

0.22–1.36) for gestational hypertension. Likewise, playing sports or total leisure time 

physical activities at a high level lacked a significant association with preeclampsia (OR 

0.43; 95%CI 0.17–1.10) and gestational hypertension (OR 0.78; 95% CI 0.36–1.69). 

Table 1. Sociodemographic and medical characteristics of included women according to level 
and time spend on physical exercise in leisure time in early pregnancy.

Total group No exercise low moderate high

N (%) 3679 (100) 454 (12.3) 1502 (40.1) 1322 (35.9) 321 (8.7)
Age (years) 29.9 ± 5.1 27.4 ± 5.4 29.4 ± 5.3 31.1 ± 4.4 31.6 ± 4.2

Etnicity N(%)

-Caucasian 2461 (66.9) 167 (36.9) 945 (63.0) 1055 (79.8) 263 (81.9)

-Black 157 (4.3)  52 (11.5) 74 (4.9)  22 (1.7)  3 (0.9)

-Turkish/Moroccan 347 (9.4)  93 (20.5) 174 (11.6) 54 (4.1)  9 (2.8)

- Other  712 (19.4) 141 (31.1) 308 (20.5)  191 (14.4)  46 (14.3)

Education N (%)

-0-5 years  557 (15.2) 123 (27.4) 261 (17.5)  120 (9.1)  21 (6.6)

-6-10 years 1445 (39.6) 239 (53.2) 638 (42.8) 442 (33.6) 99 (31.0)

->10 years 1651 (45.2)  87 (19.4) 593 (39.7) 754 (57.3)  199 (62.4)

Marriage/ co-habitation N (%)

No 497 (13.5) 99 (21.8) 197 (13.1) 145 (11.0) 50 (15.6)

BMI (kg/m2) 22.6 ± 3.7 23.3 ± 4.7 22.7 ± 3.8 22.3 ± 3.2 21.8± 2.7

Chronic hypertension N (%)

Yes 92 (2.5) 16 (3.5) 37 (2.5) 31 (2.4) 4 (1.2)

Diabetes N (%)

Yes 19 (0.5) 3 (0.7) 10 (0.7) 4 (0.3) 2 (0.6)

Smoking in pregnancy N (%)

Yes 343 (9.3) 76 (16.7) 141 (9.4) 98 (7.4) 21 (6.5)

Miscarriage/ abortion N (%)

Yes 969 (26.3) 124 (27.3) 370 (24.6) 360 (27.2) 96 (29.9)

Hemorrhage N (%)

Yes 431 (11.7) 59 (13.2) 175 (11.8) 153 (11.6) 32 (10.0)

Preeclampsia N (%) 127 (3.5) 20 (4.3) 49 (3.2) 51(3.8) 7 (2.2)

Gestational hypertension N(%) 159 (4.3) 19 (4.1) 77 (5.0) 49 (3.7) 14 (4.3)

Birth weight (g) 3381 ± 557 3229 ± 610 3370 ± 550 3432 ± 543 3346 ± 520
Gestational age (days) 278 ± 14 276 ± 16 278 ± 14 280 ± 13 279 ± 14

Data are expressed as mean ± SD of N (%). BMI: body mass index
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DISCUSSION

We observed no significant association between physical activity in leisure time in 

early pregnancy and the incidence of preeclampsia and gestational hypertension after 

appropriate adjustment of covariates. Literature regarding this subject is conflicting. Studies 

use different methods and definitions which makes it difficult to compare their results.16 

Some studies investigate in particular physical activity at work with or without account for 

physical activity in leisure time. Most of the studies are retrospective case-control studies. 

In three retrospective case control studies with data collection by questionnaire after 

delivery it was observed that leisure time physical activity in the first half of pregnancy was 

more frequent in controls than in women with preeclampsia.7;8 More vigorous activity 

was associated with a lower incidence of preeclampsia.17 One retrospective cohort study 

of enlisted active duty military women observed less preeclampsia in nulliparous women 

Table 2. The association between preeclampsia and sports and total leisure time physical activity 
in minutes/week or based on intensity and time, calculated by univariate analysis, by multivariate 
analysis using model 1 and model 2, expressed as odds ratios with 95% confidence limits.

Controls(%) PE(%) Univariate effects Multivariate effects 
model 1

Multivariate effects 
model 2

Sports (minutes/week)
0 69.8 1 1 1 1

1-70 15.1 16.4 1.09 (0.67–1.77)  1.18 (0.72–1.95) 1.02 (0.61–1.71)

71-180 12.5 10.9  0.88 (0.50–1.56) 0.97 (0.54–1.75) 0.81 (0.45–1.48)

>180 2.6 3.1 1.19 (0.42–3.32) 1.32 (0.46–3.76) 1.04 (0.36–3.00)

Total LTPA ( minutes/week)

0 12.5 15.9 1 1 1

1-235 48.9 48.4 0.78(0.47-1.31) 0.92(0.53-1.60) 0.71(0.40-1.27)

236-585 31.4 29.4 0.74(0.42-1.28) 0.90(0.50-1.64) 0.63(0.33-1.18)

>585  7.2  6.3 0.70(0.30-1.61) 0.88(0.37-2.11) 0.62(0.25-1.53)

Sports

No sports 69.8 69.5 1 1 1

Low 15.2 14.9 0.98 (0.59–1.62) 1.06 (0.63–1.77)  0.91 (0.54–1.55)

Moderate 12.0 13.3 1.11 (0.66–1.89) 1.22 (0.75–2.10) 1.02 (0.58–1.78)

Vigorous 3.0 2.3 0.80 (0.25–2.56)  0.93 (0.29–3.03) 0.72 (0.22–2.37)

Total LTPA

No LTPA 12.5 15.9 1 1 1

Low 41.6 38.1 0.72 (0.42–1.23)  0.85 (0.48–1.51) 0.68 (0.38–1.32)

Moderate 36.9 40.5 0.87 (0.51–1.47) 1.04 (0.59–1.85) 0.72 (0.39–1.32)
Vigorous 9.0 5.6 0.48 (0.20–1.16) 0.62 (0.25–1.53) 0.43 (0.17–1.10)

Model 1: BMI, chronic hypertension, diabetes mellitus, previous miscarriage/abortion, smoking in 
pregnancy and hemorrhage in the first half of pregnancy. Model 2: age, ethnicity, education and 
marriage/co-habitation. PE, preeclampsia; LTPA, leisure time physical activity; BMI, body mass 
index
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employed in jobs involving high levels of physical activity compared to nulliparous working 

at low levels of physical activity.18 Contrary to these studies one other retrospective case-

control study of nulliparous women observed that women with clerical work experienced 

less frequently preeclampsia than women with moderate to high physical activity at work, 

after adjustment for age, BMI, smoking and social status.19 

Three prospective cohort studies with assessment of physical activity in leisure time 

early in pregnancy also showed different results.9-11 Saftlas et al. observed a non-

significant reduction of the incidence of preeclampsia. The extent of the risk reduction 

was comparable to our findings. Magnus et al. found a significant reduction when there 

were ≥ 25 physical activities per month. Osterdal et al. studied the largest cohort and 

investigated time, intensity and metabolic equivalents. Although this study did not observe 

an association between leisure time activity and the incidence of preeclampsia, those 

women who spend ≥ 270 minutes on physical activity per week had an odds ratio of 1.7 

Table 3. The association between gestational hypertension and sports and total leisure time 
physical activity in minutes/week or based on intensity and time, calculated by univariate analysis, 
by multivariate analysis using model 1 and model 2, expressed as odds ratios with 95% confidence 
limits.

Controls(%) GH(%) Univariate effects Multivariate effects 
model 1

Multivariate effects 
model 2

Sports (minutes/week)
0 69.8 69.4 1 1 1

1-70 15.1 12.5 0.83(0.51-1.35) 0.91(0.55-1.49) 0.77(0.46-1.28)

71-180 12.5 15.6 1.26(0.81-1.97) 1.40(0.89-2.22) 1.18(0.74-1.88)

>180  2.6 2.5 0.96(0.35-2.65) 0.86(0.27-2.80) 0.71(0.22-2.32)

Total LTPA ( minutes/week)

0 12.5 12.0 1 1 1

1-235 48.9 55.7 1.19(0.72-1.97) 1.27(0.75-2.15) 1.01(0.58-1.75)

236-585 31.4 27.2 0.90(0.52-1.57) 1.00(0.56-1.77) 0.71(0.39-1.30)

>585  7.2 5.1 0.73(0.32-1.70) 0.73(0.30-1.79) 0.54(0.22-1.36)

Sports

No sports 69.8 69.4 1 1 1

Low 15.2 14.4 0.95 (0.60–1.50) 1.03(0.64–1.65) 0.87(0.54–1.41)

Moderate 12.0 11.3 0.94 (0.57–1.57) 1.06(0.63–1.79) 0.90(0.53–1.52)

Vigorous 3.0 5.0 1.70 (0.81–3.59) 1.75(0.79–3.90) 1.43(0.64–3.20)

Total LTPA

No LTPA 12.5 12.0 1 1 1

Low 41.6 48.1 1.21 (0.72–2.02) 1.26 (0.74–2.16) 1.02 (0.58–1.78)

Moderate 36.9 31.0 0.88 (0.51–1.51) 0.97 (0.56–1.71) 0.69 (0.38–1.26)
Vigorous 9.0 8.9 1.02 (0.50–2.07) 1.12 (0.53–2.34) 0.78 (0.36–1.69)

Model 1: BMI, chronic hypertension, diabetes mellitus, previous miscarriage/abortion, smoking in 
pregnancy and hemorrhage in the first half of pregnancy. Model 2: age, ethnicity, education and 
marriage/co-habitation. GH,gestational hypertension; LTPA, leisure time physical activity; BMI, 
body mass index
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for severe preeclampsia. The precise definition of severe preeclampsia was not reported. 

In our study physical activity levels in women with preeclampsia < 34 weeks were not 

different from women with preeclampsia ³ 34 weeks. 

A recent Cochrane review could identify two trials (total n=45) randomising women 

to participate in an exercise program or not.20 These studies were too small to draw 

conclusions regarding the prevention of preeclampsia or gestational hypertension, as 

only one case of preeclampsia was encountered. One of the two identified studies 

observed that diastolic blood pressure was lower in the exercise group, which supports a 

positive effect.21 A literature search using the terms used in this Cochrane review detected 

one new study. This study had not enough statistical power to detect a difference in the 

incidence of preeclampsia. 22

In practice the low incidence of preeclampsia precludes randomised studies using this 

endpoint. Case control studies with retrospective design are prone to recall bias as the 

data have to be collected after delivery. Prospective cohort studies, like the present one, 

beginning in early pregnancy have the advantage that recall bias is minimised, but the 

inclusion of a large number of women is needed. But lack of power, especially in groups 

with high physical activity, is a serious threat even of fairly large cohort studies, due to the 

low prevalence of (severe) preeclampsia and low frequency of intense physical activity. 

A potential bias in case-control and cohort studies is that women who exercise probably 

differ from women who do not. In our study 70 % did not practice any kind of sports while 

13 % did not practice any physical activity at al. In the Danish cohort of Odenthal 63 

% of the women did no sportive activity at all. We adjusted our analysis with a number 

of covariates that have been well described by others to be associated with gestational 

hypertension or preeclampsia.2;23 However, certainty that adjustment was adequate can 

never be obtained. 

Assessment of physical activity is complicated because there is no ‘gold standard’ and 

unequivocal norm. Self report may suffer from recall bias. Therefore questionnaires focus 

on discrete activities like sport and activity at work which are easy to recall, and less 

subject to interpretation as ‘physical activity’. Activity monitors are more objective and 

could reduce report errors but these are not suitable for prospective studies with a large 

sample size like our study.24 Hence our approach was questionnaire-based with self-

reporting. Existing questionnaires were unacceptably long. Therefore we used our own 

questionnaire. If anything, our measurement of leisure time may have been subject to 

random error, although the current results most likely will not alter with more extensive 

measurement.

Even if preventive physical programs are considered, practical constraints can be 

expected. It is generally assumed that disturbed placental development in early pregnancy 
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is an important factor in the origin of preeclampsia and gestational hypertension.2 If the 

promotion of physical activity can reduce the incidence of preeclampsia and gestational 

hypertension than the first half of pregnancy is likely the most effective period. At this early 

stage of pregnancy women are often easily tired and generally abstain from high activity. 

CONCLUSION

Physical exercise in leisure time in early pregnancy is not associated with reduced 

incidence of preeclampsia and gestational hypertension in an unselected nulliparous 

population. An effect of high physical activity can not be excluded because of the low 

incidence of high physical activity and the low incidence of preeclampsia.
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ABSTRACT

Objective
The purpose of this study was to evaluate if hemodynamic parameters and sympathetic 

activity vary between the follicular and luteal phase of the menstrual cycle before using 

sympathetic activity in pre-pregnancy risk assessment for preeclampsia.

Methods

We studied 39 healthy women at days 5 to 10 and days 18 to 25 of the menstrual cycle. 

Blood pressure, heart rate, cardiac output and total peripheral resistance were measured 

continuously using noninvasive finger arterial pressure waveform registration (Portapres 

Model 2, TNO-BMI, The Netherlands). Baroreflex sensitivity (BRS) and sympathetic 

activity by phase angle difference were studied using spectral analysis and xBRS.

Results

There were no differences in hemodynamic parameters, BRS or phase angle difference.

Conclusion

There is no difference in blood pressure, BRS or sympathetic activity between the first and 

second half of the menstrual period. We recommend using the first half of the cycle to be 

certain no pregnancy exist, as the influence of very early pregnancy is unknown.
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INTRODUCTION

Preeclampsia is a leading cause of maternal and perinatal morbidity and mortality.1 It is 

a multisystem disorder with unknown etiology and is characterized by increased systemic 

vascular resistance, endothelial dysfunction and increased sympathetic activity.1;2 Despite 

the advances in perinatal care, there is no test for adequate prediction of the disease.3 

Early selection of women at high risk could offer the opportunity to target care at those 

most likely to benefit and to evaluate or design preventive strategies more effectively.

Earlier research has shown that, before pregnancy, women who will develop preeclampsia 

have a slightly higher blood pressure and a larger blood pressure drop after orthostatic 

stress when compared with women who have a normal blood pressure throughout 

pregnancy.4 From 8 weeks gestational age onward they also had a larger negative phase 

difference in the low frequency band with spectral analysis. This indicates increased 

sympathetic activity early in pregnancy among women who will develop preeclampsia 

later in pregnancy. Recently sympathetic hyperactivity and reduced baroreflex sensitivity 

were found in formerly preeclamptic normotensive women.5 These women were formerly 

preeclamptic and the sympathetic hyperactivity could be the result of the disease or it 

could have been present already before pregnancy. These findings could thus be useful 

for early identification for women at risk early in pregnancy and even before pregnancy.

It is well known that ovarian hormones affect the cardiovascular and renal-aldosteron 

system.6-8 However, the magnitude of the effect of hormonal fluctuations during the 

menstrual cycle on blood pressure regulation is not clear and literature in this respect is 

not consistent.9-11 The present study was designed to ascertain if it would be necessary 

to account for the menstrual cycle when measuring pre-pregnancy hemodynamic 

parameters for the identification of women at risk for preeclampsia.

METHODS

Study Population
We recruited participants by advertisement in a local newspaper. All women were over 

the age of 18 years, had a regular cycle (median 28 days; range 26 to 32 days), and 

had no previous pregnancy. The participants did not use medication, oral contraceptives 

or a levonorgestrel releasing intrauterine device. We excluded women with hypertension, 

diabetes or cardiovascular diseases. After providing written informed consent, all 

participants underwent identical study protocols. The Medical Ethical Committee of the 

Academic Medical Center approved the study.
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Study Protocol

All women were studied in the follicular phase, between the 5th and 10th day, and 

in the luteal phase, between the 18th and 25th day of the menstrual cycle. Menstrual 

cycle phase was determined according to the first day of the last menstruation. The first 

measurement was allocated randomly to the follicular phase (FP) or the luteal phase (LP). 

All measurements were doe by two researchers. The participants were advised to abstain 

from drinking coffee or smoking cigarettes from the night before the measurements. After 

resting in supine position for at least 10 minutes, they were informed about the study 

procedure and were allowed to adapt to the measuring devices and the room before 

the measurements started. The measurements were preformed with the participants 

in supine position under standardized conditions and took place in a quiet room 

with a temperature between 20 and 22°C. Blood pressure was measured twice with 

conventional sphygmomanometry (Maxi Stabil 3, an aneroid sphygmomanometer, Welch 

Allyn, Skaneateles Falls, New York, USA) before the measurement with the Portapres™ 

started. The mean value was used for comparisons.

Continuous recordings of hemodynamic parameters

Non-invasive finger arterial pressure waveform registration by Portapres, Model 2 (TNO-

BMI, Amsterdam, The Netherlands) was used for continuous monitoring of blood pressure, 

heart rate and cardiac output. Portapres is a device for the measurement of finger arterial 

pressure on a beat-to-beat basis, according to the volume clamp method of Penaz12;13. 

The use of continuous recordings of finger arterial blood pressure by this method has 

been validated in comparison to invasive beat-to-beat blood pressure recording in non-

pregnant subjects and in comparison to conventional sphygmomanometry in pregnant 

women.14;15 Stroke volume analysis out of continuous finger arterial pressure waveform 

registration by the pulse contour method of Wesseling (the Modelflow method) has been 

validated extensively.16 An appropriate size finger cuff was applied at the middle finger 

of the non-dominate hand. At a stable signal the pressure registration was calibrated to 

upper-arm cuff pressure by the Return to Flow method.17 Data collection was started after 

a stable signal had been reached for 5 minutes. 

Data analysis

Data from the Portapres were sampled at 200 Hz and analyzed by the Beatfast program 

(TNO-BMI, Amsterdam, The Netherlands). The average of the systolic blood pressure 

(SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), 

cardiac output (CO) and total peripheral resistance (TPR) of 10 minutes during supine 

rest were used for analysis.
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Baroreflex sensitivity (BRS)

Beat to beat SBP and interbeat interval (IBI) time series were detrended and Hanning 

windowed. Power spectral density and cross-spectra of SBP and IBI in the low-frequency 

band (0.06-0.15 Hz) and the high-frequency band (0.15-0.35 Hz) were computed using 

discrete Fourier transform as described elsewhere.18 The cross-correlation method xBRS 

(BMEYE, Amsterdam, the Netherlands) was used for time-domain analysis of spontaneous 

BRS 19 For this purpose the SDP and IBI time series were resampled at 1Hz. In a 10-s 

window, the correlation and regression slope between SBP and IBI were computed. These 

computations were done for 0 to 5 s delays in IBI with respect to SBP and the delay with 

the highest positive coefficient of correlation was selected. The slope between SBP and IBI 

was recorded as BRS estimate if the correlation was significant at p=0.01.

Statistics

Results were compared by paired t-test or Wilcoxon signed ranks test as appropriate. A 

sample size of 35 participants allowed for the detection of a blood pressure difference 

of 2 mmHg between the two measurement periods, assuming a mean blood pressure of 

100 mmHg and a standard deviation of 10 mmHg with alpha 0.05 and beta 0.2. 

RESULTS

Thirty-nine participants were recruited; all women were tested in both phases; 18 women 

entered the study in the follicular phase and 21 women in the luteal phase. They had a 

mean age of 29 ( ±4.7) years and a mean body mass index of 22.0 (± 2.3) kg/m2 at the 

first measurement. Blood pressure measured by conventional sphygmomanometry and 

Table 1. Comparison of hemodynamic parameters by phase of the menstrual cycle
Day 5-10 Day18-25 P-value

Sphygmomanometry measurements
SBP (mmHg) 112 ±8 110± 9 0.21

DBP (mmHg) 73± 7 73 ±8 0.98

Portapres measurements

SBP (mmHg) 105 ± 11 105 ±  12 0.93

DBP (mmHg) 59 ± 7 60 ±8 0.56

MAP (mmHg) 78±9 79 ±10 0.74

HR (bpm) 69± 9 69 ±9 0.62

CO ( l/min) 5.9 ±1.4 6.2 ±1.9 0.38
TPR (dyne.s-1.cm-5) 0.81±0.2 0.83±0.2 0.70

Data presented as mean ± standard deviation and P values calculated with paired t-test. SBP: 
systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate, 
CO: cardiac output, TPR: total peripheral resistance.
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the parameters measured by the Portapres (SBP, DBP, HR, CO and TPR) were comparable 

between the two phases of the menstrual cycle (table 1). SBP and DBP measured by 

Portapres were significantly lower than SBP and DBP measured by sphygmomanometry 

in both periods (p<0.01).

There was no difference of BRS and phase angle difference measured with spectral 

analysis and xBRS between the two periods (figures 1). None of the measurements were 

influenced by age or body mass index.

Figure 1. Baroreflex sensitivity measured with spectral analysis at low frequency (A), with xBRS (B) 
and phase angle difference with spectral analysis (C) at day 5-10   and day 18-25 of the menstrua; 
cycle. Data are displayed using box whisker plots. The box indicates the lower and upper quartiles 
and the central line is the median. The horizontal lines are the 2.5th and 97.5th centiles. There 
were no significant differences between both phases.

DISCUSSION

To our knowledge this is the first study of the baroreflex during the menstrual period 

with an adequate sample size. We observed no differences in blood pressure and heart 

rate between days 5 and 10  and days 18 and 25 of the menstrual cycle, which agrees 

with previous studies.9;11;20-22 Our observation that hemodynamic parameters, BRS and 

sympathetic activity were comparable in the first and second half of the menstrual cycle 

agrees with a number of studies. 9;23;24 However, Tanaka and co-workers observed 

greater baroreflex sensitivity in the early follicular phase compared to the midluteal phase 

in response to a decrease in arterial blood pressure by nitroprusside, using tonometry for 

blood pressure registration.10 Minson and co-workers performed a similar experiment 

and did not detect such a difference, using finger pulse registration for blood pressure 

calculation (Finapres), which is similar to our method.9 Additionally, this study reported 

a higher sympathetic outflow of muscle sympathetic nerve activity(MSNA), determined by 

microneurography and an increased sympathetic baroreflex sensitivity based on MSNA/

diastolic blood pressure slopes in the midluteal phase.9 They concluded that hormonal 
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fluctuations during the normal menstrual cycle may alter sympathetic outflow but vascular 

resistance is not increased. They hypothesized that the increase of sympathetic activity is 

balanced by an increase of the vasodilator nitric oxide. A similar interpretation of data 

was made in a longitudinal study before and during pregnancy in women who developed 

preeclampsia.4

Sato and co-workers demonstrated a higher low frequency/ high frequency ratio of heart 

rate variability with spectral analysis in the luteal phase.25 They suggest that sympathetic 

nervous activity is predominant in the luteal phase as compared to the follicular phase. 

This was not confirmed by others, using spectral analysis of heart rate variability.26;27

Blood pressure measurements with the Portapres were significantly lower than by 

sphygmomanometry. The differences in DBP can be explained because measurements 

with the Portapres with Return to Flow method intends to reconstruct brachial intra-arterial 

pressure in a non-invasive way,17 whereas sphygmomanometry overestimate brachial 

intra-arterial diastolic blood pressure.28 Sphygmomanometry always involves a certain 

amount of stress due to the painfulness of cuff inflation and blood pressure rises slightly 

during measurements with an upper-arm cuff.29  However, with a continuous method like 

the Portapres the subject is completely at rest after a period of accustomization. 

No hormone levels were measured because subjects were only selected if they had 

a regular menstrual cycle between 26 and 32 days for several months. Ninety-eight 

percent of women with a regular cycle have an ovulation with changes in estrogen and 

progesterone plasma concentration.30 It is unlikely that our observation of similarity 

between follicular and luteal phase could have been influenced by one or two subjects 

without ovulation. 

We chose a wide range (days 5 to10 and days 18 to 25) for the examination day. By 

making this selection it might be possible that effects caused by the periovulatory estrogen 

peak were not detected. However the differences in estrogen and progesterone levels 

between days 5 and 10 and days 18 and 25 are of such a magnitude that significant 

effects, if present, should have been detected in our study.31

Because we intend to perform a longitudinal study of the change of cardiovascular 

control from the non-pregnant state to early pregnancy in future research, no controlled 

stimulation of the cardiovascular system by drug injections was used as these would 

not be acceptable in early pregnancy. Spontaneous BRS and drugs-induced BRS both 

reflect baroreflex physiology and are generally correlated.32 In this study we measured 

spontaneous BRS by averaging data over a time period of 10 minutes to get a reliable 

estimation. 

We only measured BRS in rest and we did not use cardiovascular reflex tests like orthostatic 

stress test, isometric handgrip test, Valsalva’s manoeuvre or deep breathing test. Previous 
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work by our group did not demonstrate differences with these tests between women, who 

developed preeclampsia and women who had an uneventful pregnancy. Furthermore, 

it appeared difficult to perform such tests in a standardized way in pregnant women.33  

CONCLUSION

No significant differences in blood pressure and baroreflex were found between days 5 

and 10 and days 18 and 25. This implicates that it is not necessary to take the phase of 

the menstrual cycle into account in a study of cardiovascular changes between the non-

pregnant and the pregnant state. Nevertheless it might be sensible to select the first half 

of the cycle to be certain that no pregnancy exists as the influence of very early pregnancy 

is unknown. 
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SUMMARY 

Preeclampsia is a major cause of maternal and neonatal morbidity and mortality. The 

precise underlying mechanisms are unknown and are probably related to vascular, 

immunological, genetic and environmental factors.1 Despite extensive research the onset 

of preeclampsia and disease progression remains unpredictable and there is no real cure 

except inducing delivery. Although the clinical symptoms appear in the second half of 

pregnancy the origin of the underlying pathophysiologic mechanisms is thought to occur 

much earlier in pregnancy at the time of placentation. 

Prevention of preeclampsia will have a huge impact on maternal health worldwide. 

Because the origin of the disease is early in pregnancy development of methods for 

early detection of the preclinical stage and thus prediction of preeclampsia is of major 

importance. Though some promising tests seem to arise,2;3 up to now such predictive 

test is not available.4 

The work presented in this thesis focuses on cardiovascular differences in the beginning 

of pregnancy between women with a healthy pregnancy and women who develop 

preeclampsia later in pregnancy and in the modifiable risk factors psychosocial stress 

and physical activity. Effective risk assessment enables targeting intensified obstetric care 

at those who need this most and selection of high risk women for the assessment of 

preventive treatment strategies. 

This chapter summarizes the findings from this research and evaluates the results and 

future research implications. While up to now most predictive tests were designed to 

be performed in the second trimester we evaluated tests for the first trimester in the 

expectation that any possible preventive treatment should be applied early in pregnancy 

before the development of placental vascular supply is finished.5-7  Preeclampsia and 

gestational hypertension were defined according to the guidelines of the International 

Society for the Study of Hypertension in Pregnancy.8

SYSTEMATIC REVIEW

In chapter 2 we present a systematic review on the use of blood pressure as a predictive 

test for preeclampsia. Medline, Embase, Cochrane library, Medion and reference lists 

of included articles were searched from inception to February 2007. 34 studies were 

included testing 60.599 women with 3341 cases of preeclampsia. Clinical heterogeneity 

between studies was found for the method or device used for measuring blood pressure, 
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the definition of preeclampsia used and the risk for preeclampsia in the patients under 

study. In women at a low risk for preeclampsia the areas under the summary receiver 

operating characteristics curves in the second trimester were 0.68 (95% CI 0.64-0.72), 

0.66 (95% CI 0.59-0.72) and 0.76 (95% CI 0.70-0.82) for systolic blood pressure, 

diastolic blood pressure and mean arterial pressure, respectively. Only six studies 

reported blood pressure measurements in the first trimester. These studies showed similar 

results. Second trimester mean arterial pressure of 90 mmHg or more showed a positive 

likelihood ratio of 3.5 (95% CI 2.0-5.0) and a negative likelihood ratio of 0.46 (95% CI 

0.16-0.75). In women at high risk a diastolic blood pressure of 75 mmHg or more at 

13 to 30 weeks of gestational age predicted preeclampsia best: positive likelihood ratio 

of 2.8 (95% CI 1.8-3.6) and a negative likelihood ratio of 0.39 (95% CI 0.18-0.71). 

Additional subgroup analysis did not show improved predictive accuracy. 

We concluded that as a single test blood pressure is insufficient for the prediction 

of preeclampsia or selection of women at risk in daily clinical practice. Of all blood 

pressure measurements the mean arterial pressure is the most promising parameter. 

It was not possible to investigate if automated devices are superior to conventional 

sphygmomanometry. This is subject to further study.

Prospective cohort study

We collected a prospective cohort of healthy nulliparous women and multiparous 

women with an increased risk for developing hypertensive disorders to investigate if 

cardiovascular differences can be observed early in pregnancy between women, who will 

develop preeclampsia or gestational hypertension later in pregnancy and women with an 

uncomplicated pregnancy. We measured blood pressure early in pregnancy between 8 
0/7-11 0/7 weeks gestational age using conventional sphygmomanometry (Maxi Stabil 3, 

an aneroid sphygmomanometer, Welch Allyn, Skaneateles Falls, New York, USA) (using 

an aneroid sphygmomanometer), continuous finger arterial waveform registration by the 

FinometerTM (Finapres Medical Systems, Amsterdam, The Netherlands) and ambulatory 

blood pressure monitoring (ABPM) for 48 hours with the Spacelab 90207TM (Redmond, 

WA, USA). Further data to be collected were age, ethnic origin, smoking, medical history, 

and weight and length.

295 women were included, 251 nulliparous women and 44 multiparous women with a 

history of preeclampsia. Five women were excluded because of serious fetal congenital 

malformations and one woman was lost to follow up. 289 Women were available for 

analysis, 20 (6.9 %) developed preeclampsia and 16 (5.5 %) gestational hypertension. 

39 women had an incomplete ABPM registration due to signal loss and patient non-
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compliance. Of these women 28 had at least 10 measurements in 48 hour and were 

used for analysis. Study results from this cohort are presented in chapter 3, 4 and 5.

Using 48 hour measurements of the ABPM the hyperbaric index (HBI) can be calculated 

as the amount of blood pressure excess during the measurement period above a 

90% tolerance limit.9 One research group evaluated the HBI for the prediction of 

preeclampsia with extremely good results; they observed a sensitivity of 94% and a 

specificity of 100%.10;11 Since the original report by Hermida et al. only one other 

group studied HBI in pregnancy in a hospital-based research setting (sensitivity 80% and 

specificity 77%).10 Therefore, we wanted to validate the HBI as a test for the prediction 

of preeclampsia in our own cohort. In chapter 3 we present the results of this study. 

We compared the predictive efficacy of the HBI with mean ABPM measurement for 48 

hours and conventional manometry in our research cohort of nulliparous women and 

parous women with a previous preeclampsia. We could include 219 of the 289 women 

in our cohort in this study. For 42 women no ABPM measurement was available on 

inclusion. Data of 28 women could not be analysed because of missing measurements 

or failure of the device. The first 90 nulliparous women who had an uneventful pregnancy 

formed thereference group for calculation of a time specified tolerance interval with 90% 

confidencelimits. In the validation group, consisting of the remaining 63 nulliparous 

women and 38 women with previous preeclampsia, the hyperbaric index was calculated 

as the time-specified blood pressure excess over this tolerance limit for SBP, DBP and 

mean arterial pressure. The maximum HBI was defined as the maximum value of either 

the HBI of SBP or DBP or MAP for each individual.

For preeclampsia the maximum HBI had the best predictive capacity, however, the 

difference with standard ABPM measurement or conventional manometry was small. 

The HBImax had a sensitivity of 73 % and a specificity of 86 % at an optimum cut-off 

of 17.6mmHg x hour. SBP with sphygmomanometry had a sensitivity of 60 % and a 

specificity of 92 % at a cut-off of 118 mmHg and 24 hours ABPM using DBP had a 

sensitivity of 53 % with a specificity of 95% at a cut-off of 74 mmHg. The predictive 

efficacy for gestational hypertension was poor with all methods (sensitivity between 54 % 

and 77 %, specificity between 41 % and 78 %).

We concluded that conventional manometry, ABPM measurement and the HBI calculated 

from 48 hour ABPM had a comparable, restricted predictive efficacy in a group with low  

and high risk women. The high predictive value of the HBI as observed in earlier studies 

could not be reproduced and therefore this method can not be recommended for use in 

daily practice.
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We observed a significantly higher blood pressure in women who developed preeclampsia 

or gestational hypertension in the first trimester compared to women with unaffected 

pregnancies with all three devices (Chapter 4). The absolute blood pressure values were  

different between the devices. The point estimate of the Odds ratios of blood pressure 

(SBP, DBP or MAP) in the first trimester after adjustment for previous preeclampsia for later 

preeclampsia or combined pregnancy outcome (preeclampsia or gestational hypertension) 

was higher using the automated blood pressure measurement techniques compared to 

conventional sphygmomanometry, although there was a considerable overlap of 95% 

CI intervals. The area under the ROC curves for conventional sphygmomanometry with 

preeclampsia as pregnancy outcome were 0.73 (95% CI 0.58-0.83), 0.68 (95% CI 

0.53-0.84) and 0.70 (95% CI 0.55-0.85) for SBP, DBP and MAP respectively. For finger 

arterial pressure waveform registration this was 0.82 (95% CI 0.68-0.95), 0.77 (95% CI 

0.63-0.91) and 0.82 (95% CI 0.69-0.96) and for ABPM 0.78 (95% CI 0.65-0.91), 0.77 

(95% CI 0.63-0.90) and 0.78 (95% CI 0.65-0.91) for SBP, DBP and MAP respectively.

For the combined pregnancy outcome results were comparable.

Since signal loss in ABPM is considerable with sub-optimal patient compliance and 

conventional sphygmomanometry is subject to considerable interobserver variation in 

daily practice we concluded that early pregnancy blood pressure measurement by finger 

arterial pressure waveform registration is the most promising automated blood pressure 

measurement technique to study in a prospective large cohort study.

In chapter 5 we use data from our research cohort to evaluate arterial stiffness early 

in pregnancy and the association with later preeclampsia. We hypothesised that the 

combination with blood pressure (MAP) could improve this association. 

235 nulliparous women and 42 parous women were included with an incidence of 

preeclampsia of 4.3% and 16.6% respectively. Data collected with finger arterial 

waveform registration were used. The finger arterial waveform was filtered to an aortic 

waveform and the augmentation indexes (AIx) and augmentation pressure (AP) were 

determined. After adjustment for previous preeclampsia the AIx and AP were associated 

with later preeclampsia, areas under the ROC-curves 0.74 (95% CI 0.61-0.87) and 

0.77 (95% CI0.61-0.87). When MAP was added to the model, the combination with 

AP had the highest area under the ROC-curve (0.82 (95% CI 0.66-0.97)). This is not a 

considerable improvement compared to MAP and parity alone, area under the ROC-

curve 0.79 (95% CI 0.64-0.93). Our results do not support the addition of AIx or AP to 

blood pressure measurement, which is far easier to apply, for the assessment of risk for 

preeclampsia.
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Hypertensive disorders in pregnancy and adult cardiovascular diseases share predisposing 

conditions, like elevated blood pressure, diabetes and obesity. Protective or disease 

modifying factors of cardiovascular disease might also be applicable for the prevention 

of hypertensive disorders in pregnancy. One of these factors is psychosocial stress.11;12 

Several studies showed a relation with high psychosocial stress in pregnancy and 

hypertensive disorders of pregnancy.15-18 However most of these studies are retrospective 

or case-control studies.

In chapter 6 we investigated the association of preeclampsia and gestational hypertension 

with psychosocial stress in the first half of pregnancy in a prospective cohort study. For 

this study we used the data of the Amsterdam Born Children and their Development 

study (ABCD-study). This is a prospective community-based study which examines the 

relationship between various lifestyles during pregnancy and pregnancy outcome in a 

multicultural population. For this assessment we included only the nulliparous women 

with a singleton pregnancy in this cohort, who completed the questionnaire before 24 

weeks, and delivered after 24 weeks. A postpartum questionnaire was used to gather 

information on preeclampsia, hypertension or proteinuria. Data were linked with the 

Dutch national obstetric register and all women who were coded as having hypertensive 

complications in pregnancy were selected. Medical files were examined for all selected 

women, either from the questionnaires, or from the Dutch national obstetric register 

to confirm the diagnosis of preeclampsia and gestational hypertension according 

to the International Society for the Study of Hypertension in Pregnancy guidelines. 

From the non-selected women a random sample of 5% was drawn for confirmation 

of absence of hypertensive complications by examination of medical files. The study 

population consisted of 128 women with preeclampsia, 161 women with gestational 

hypertension and 3390 controls. Psychosocial stress was defined as work stress (Work 

Experience and Appreciation Questionnaire of van Velthoven et al,13 partly based on 

the Job Content Instrument of Karasek et al.14), anxiety (the State-Trait Anxiety Inventory, 

STAI15), depression (Center for Epidemiological Studies Depression Scale, CES-D16;17) 

and pregnancy related anxiety (PRAQ-R18). After correction for sociodemographic and 

medical confounders, we could not observe an association of psychosocial stress in the 

first half of pregnancy with later preeclampsia or gestational hypertension. 

Using the same cohort as described in chapter 6 we studied another disease modifying 

factor for adult cardiovascular disease i.e. physical exercise. Physical exercise is known to 

prevent cardiovascular disease and to reduce its symptoms. In chapter 7 we assessed if 

physical activity in leisure time early in pregnancy reduces the incidence of preeclampsia 
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or gestational hypertension. In the questionnaire of the ABCD-study questions about 

physical activity in leisure time in the past week were asked using questions about 

walking, cycling, doing sports and other activities like “Do It Yourself” or gardening in 

leisure time. As well the amount of time spent in minutes as the intensity of the physical 

activity was asked. 

After correction for sociodemographic and medical confounders, the amount of time or 

intensity of physical activity in leisure time in the first half of pregnancy was not associated 

with preeclampsia or gestational hypertension.

Many researchers focus on risk assessment for preeclampsia in (early) pregnancy 

while developing prediction models which can be used before pregnancy are equally 

interesting. It is well known that ovarian hormones affect the cardiovascular and renin-

aldosteron system.19-21 However, the magnitude of the effect of hormonal fluctuations 

during the menstrual cycle on blood pressure regulation is not clear and literature in this 

respect is not consistent.22-24 Moreover it is unclear if it is important to take into account 

the menstrual cycle while performing measurements before conception. The purpose 

of the study described in chapter 8 was to evaluate if hemodynamic parameters and 

cardiovascular control vary between the follicular and luteal phase of the menstrual 

cycle. Healthy women who were never pregnant were studied at days 5 to 10 and days 

18 to 25 of the menstrual cycle. Blood pressure, heart rate, cardiac output and total 

peripheral resistance were measured continuously using non-invasive finger arterial 

pressure waveform registration. Baroreflex sensitivity (BRS) and sympathetic activity by 

phase angle difference were studied using spectral analysis and xBRS. There were no 

differences in hemodynamic parameters, BRS and sympathetic activity between the two 

phases of the menstrual cycle.

We concluded that, although there is no difference in blood pressure, BRS and sympathetic 

activity between the first and second half of the menstrual period, measurements are 

preferably performed in the first half of the menstrual cycle as one is certain that no 

pregnancy exists, since the magnitude of the influence on blood pressure of very early 

pregnancy is unknown.

GENERAL DISCUSSION

This thesis reports on hemodynamic parameters early in pregnancy associated with the 

development of preeclampsia or gestational hypertension later in pregnancy. These 
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variables could be used for development of models for the prediction of gestational 

hypertensive disease.

For a model for the prediction of preeclampsia the nature and magnitude of risk indicators 

is essential. This model might in addition help to better understand the pathophysiological 

mechanism of the disease and to design preventive therapies. Selection of high risk women 

facilitates the establishment of effectiveness of these preventive strategies, because the 

low incidence of preeclampsia in an unselected population necessitates large patient 

cohorts. Strategies for prevention will have to start early in pregnancy because the origin 

of the disease is thought to occur at the time of placentation.25 Consequently, a test for 

the selection of women at high risk should be effective in the first trimester of pregnancy. 

Furthermore, the selection of women at high risk for obstetric complications enables 

targeting of intensive obstetric care at those who will benefit most. A predictive test needs 

a high sensitivity to reduce the number of false-negatives since the consequences of 

preeclampsia are severe for mother and child. Severe preeclampsia is a rare disease 

(0,5 %) which means that test characteristics must also show high specificity. Until now 

such test in the first trimester is not available for screening in the general population.26

Studies in this thesis confirmed that blood pressure is increased already in the first 

trimester in women with normal blood pressure according to standard criteria, who will 

develop preeclampsia or gestational hypertension. This difference of blood pressure can 

potentially be used for prediction (chapter 3 and 4). This association was independent 

of the device used. The mean arterial pressure (MAP) had the best predictive capacity 

according to our meta-analysis of the literature.27 This we could only partially confirm in 

our prospective cohort study in first trimester pregnancy. We found a higher association 

with later preeclampsia (higher point estimate of Odds ratios) of ABPM and of finger 

arterial waveform registration than of conventional sphygmomanometry. Unfortunately 

our sample size was not large enough for detecting significant differences. Wearing an 

ABPM device for 48 hours was considered as a burden and this resulted in 18% signal 

loss. 28 women discontinued wearing the device because it impeded them in their daily 

activities or disturbed their sleep. Especially sleep disturbance is reported as a major 

cause of noncompliance.28 

By using finger arterial waveform registration not only blood pressure is measured. 

From the peripheral pulse wave the aortic pressure wave can be reconstructed and 

parameters of arterial compliance can be calculated. This can be used to gain more 

knowledge about preeclampsia and the development of the disease during pregnancy. 

Increased arterial stiffness is an independent predictor of adverse outcome in adult 

cardiovascular disease.29  Several studies showed an elevated arterial stiffness in women 

with preeclampsia.30-33 Although in our prospective cohort study (chapter 5), women 
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who developed later preeclampsia had a higher AIx and AP compared to women with 

an uncomplicated pregnancy, we found, in contrast to the results of an other research 

group, comparable Odds ratios with mean arterial blood pressure.34 We concluded 

that there are no advantages of adding the AIx or AP to automated blood pressure in 

predicting preeclampsia.

Several other factors early in pregnancy are associated with later preeclampsia and their 

predictive capacity has been studied by others. Maternal factors like age, BMI, a previous 

pregnancy with preeclampsia and medical history are associated with the development 

of preeclampsia.35 Even when these maternal factors are combined in a multivariate 

analysis and a prediction algorithm is developed the detection rate of preeclampsia is 

low. At a 5% false positive rate the detection rate of preeclampsia was approximately 30% 

and 20 % for gestational hypertension.36 Other potential predictors like abnormal uterine 

artery Doppler findings or biochemical markers have also been investigated. Uterine 

artery Doppler assessment showed to be of limited value as a screening test. In a meta-

analysis Cnossen et al. found a sensitivity of 43% and a specificity of 93% for bilateral 

notching of the uterine arteries in the second trimester in a low risk population.37 Serum 

markers for Down’s syndrome are also not suitable as a single test.38 Prediction using 

angiogenic factors is only reported in small studies and have insufficient discriminative 

capacity.39 Combination of biochemical markers and abnormal uterine artery Doppler 

findings improved the performance of early prediction of preeclampsia but in low risk 

population the sensitivity was not higher than 60-80%.40 Recent developments using 

metabolomics for predicting of preeclampsia need confirmation in large cohorts with 

selected variables.3 

A clinically useful prediction test will probably integrate a combination of multiple known 

factors associated with preeclampsia. Earlier in this thesis we considered that preeclampsia 

and cardiovascular disease had similar risk indicators. The most frequently used 

prediction model for cardiovascular disease is the Framingham score (using sex, age, total 

cholesterol, high-density-lipoprotein cholesterol, systolic blood pressure and smoking-

status) for estimating 10-year risk for adverse cardiovascular outcome. Until now this 

model could not be improved by adding new biomarkers associated with cardiovascular 

risk obtained by large scale genomic analysis of patients.41 These prediction models 

including the Framingham score are not useful for prediction of preeclampsia so we have 

to search for at more pregnancy specific markers. Using logistic regression analysis Poon 

et al. developed an algorithm for the early prediction of preeclampsia combining the 

logs of the uterine artery pulsatility index, mean arterial pressure, pregnancy-associated 

plasma protein-A, and placental growth factor and maternal factor-derived a-priori 

risk.42 Blood pressure was measured with an automated device using oscillometry. Using 
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the same variables they developed three prediction models, for preeclampsia before 34 

weeks of pregnancy (early preeclampsia), preeclampsia after 34 weeks of pregnancy (late 

preeclampsia) and gestational hypertension.  At 110/7-136/7 weeks of pregnancy 93.1% 

of the women with early preeclampsia, 35.7% of the women with late preeclampsia, 

and 18.3% of the women who developed gestational hypertension could be detected 

with a 5% false-positive rate. This model seems promising although 476 women tested 

positive for early preeclampsia, of whom 32 actually developed early disease and 444 

did not. Two cases with early preeclampsia were missed. Only 35.7% of the women with 

preeclampsia after 34 weeks of pregnancy were identified. Because preeclampsia at 

term is associated with severe maternal morbidity and mortality this model still must be 

improved before it is suitable for daily clinical practice.

The authors made different models for early and late preeclampsia with different predictive 

capacity. While early preeclampsia is often complicated by fetal growth retardation 

because of poor placentation, in late preeclampsia the placenta and fetus often have 

an appropriate size for the gestational age. It is hypothesized that early preeclampsia is 

caused by excessive or atypical maternal immune response to poor placentation while 

in late preeclampsia predisposing cardiovascular and metabolic disorders are more 

prominent factors that lead to a cascade of placental and systemic inflammation and 

oxidative stress resulting in preeclampsia.43 This indeed can explain the necessity for 

different prediction models. 

Women with obesity, chronic hypertension, vascular disease, diabetes, or a previous 

preeclampsia have an increased risk for developing preeclampsia. Seed et al. found an 

incidence of preeclampsia 23% in nulliparous women with chronic hypertension and a 

body mass index >30 m/kg2. In women with chronic hypertension and preeclampsia in a 

previous preeclampsia 30% developed again preeclampsia.44 If prevention for preeclampsia 

will be available it is probably more cost-effective to treat these women without testing. It 

will depend on screening test efficacy and the benefit of a potential preventive treatment 

to determine at which a priori risk it is cost effective to use screening for the selection of 

women for preventive therapy in stead of advising preventive treatment to all.

The development of prediction models is hampered by the low incidence of preeclampsia 

as a low number of events (the occurrence of preeclampsia) and many suspected 

confounders cause an overestimation of regression coefficients.45 For the same reasons 

we could not develop a prediction model in our cohort. 

All reported models have to be validated in an external population. They must be tested 

by other investigators and in populations that differ from those used to develop them, in 

order to validate their use in daily clinical practice. This is underlined by the present thesis 

in which we show the importance of external validation since we could not reproduce the 
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high predictive capacity of the HBI and of the AIx as found by others.34;46;47 Even if this 

could be explained by small differences in population or gestational age this makes these 

markers questionable for prediction of preeclampsia in the general population.

IMPLICATIONS FOR FUTURE RESEARCH 

1. Development of prediction models

Prediction of preeclampsia early in pregnancy or even before pregnancy remains 

important to facilitate timely preventive strategies. Prevention will have to start early 

because the origin of the disease is thought to occur at the time of placentation. Large 

population-based studies evaluating algorithms combining maternal characteristics 

with mean arterial pressure and other parameters measured in the first trimester are 

needed. As women with hypertension, renal disease, diabetes or a previous preterm 

preeclampsia are at high risk for developing preeclampsia, further selection is 

questionable. Because 2/3 of all cases of preeclampsia occur in nulliparous women 

and in most of these cases the disease starts unexpectedly and acutely, research 

should focus on this group. Possibly different prediction models are needed for early 

and late preeclampsia.

2. Use of automated blood pressure devices in prediction of hypertensive disease

Conventional sphygmomanometry is sufficient to diagnose preeclampsia since 

most data for intervention and anti hypertensive treatment are based on this type 

of measurement. Several automated devices are validated in pregnancy and 

measure blood pressure securely and in addition can measure other cardiovascular 

characteristics. Data on these additional parameters to predict preeclampsia and its 

complications might be worth while to obtain. Based on our findings, finger arterial 

waveform registration is the preferred method for further research.

3. Prospective collection of clinical data and biomaterials of pregnant women

Prospectively collecting and storing clinical data and biomaterials of pregnant women 

according to standardized and professional protocols is essential for developing 

prediction models. As shown by us and by other research groups blood pressure 

alone measured by conventional sphygmomanometry or other devices is not sufficient 

to predict preeclampsia in daily clinical practice.27;48 A useful model will probably 

contain maternal characteristics, blood pressure and biomarkers. Large cohorts are 

being studied at this time and the first data are emerging. The Scope study collects such 

a cohort and is an example of a high quality biobank in New Zealand, Australia, the 
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UK and the USA.3;49 Since Dutch obstetricians and midwives are very well organized 

in research consortia the same effort is recommended within for example the String of 

Pearls Initiative (www.parelsnoer.org). By collecting data together we can enhance the 

development and validation of such a prediction model.
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SAMENVATTING

Preëclampsie is een belangrijke oorzaak van zowel moederlijke als neonatale morbiditeit 

en mortaliteit.1;2 Ondanks dat er al lang onderzoek naar wordt gedaan, is het ontstaan 

en het verloop van de ziekte onvoorspelbaar. Ook bestaat er geen behandeling 

behalve het beëindigen van de zwangerschap. De symptomen worden pas in de 

tweede helft van de zwangerschap zichtbaar, terwijl het waarschijnlijk ten tijde van de 

ontwikkeling van de placenta al mis gaat. Het exacte onderliggende pathofysiologische 

mechanisme is onduidelijk en waarschijnlijk spelen vasculaire, immunologische, 

genetische en omgevingsgerelateerde factoren een rol.3 Preventie van preëclampsie zou 

wereldwijd een belangrijke bijdrage leveren aan het verbeteren van de uitkomst van 

de zwangerschap voor moeder en kind. Omdat de ziekte waarschijnlijk al in het begin 

van de zwangerschap ontstaat, is het vroeg kunnen voorspellen van het ontstaan van 

preëclampsie erg belangrijk.3 Hoewel er op dit moment een aantal veelbelovende testen 

ontwikkeld worden is een dergelijke test niet beschikbaar in de dagelijkse praktijk.4;5 

Het onderzoek, beschreven in dit proefschrift, richt zich op cardiovasculaire verschillen 

in het begin van de zwangerschap tussen vrouwen met een ongecompliceerde 

zwangerschap en vrouwen die later in de zwangerschap preëclampsie hebben gekregen. 

En ook op mogelijke risicofactoren die beïnvloedbaar zijn zoals psychosociale stress 

en lichaamsbeweging. Deze verschillen en risicofactoren zouden gebruikt kunnen 

worden bij het voorspellen van de kans op preëclampsie en bij eventuele preventie 

van de ziekte. Wij hebben ons onderzoek voornamelijk beperkt tot vrouwen met een 

eerste doorgaande zwangerschap; zij hebben namelijk een twee keer zo hoog risico op 

hypertensieve aandoeningen van de zwangerschap, vergeleken met vrouwen die al een 

keer een kind hebben gekregen. Bij vrouwen, die al eerder een kind hebben gekregen, 

is de obstetrische voorgeschiedenis een dusdanig belangrijke voorspeller voor het al of 

niet optreden van complicaties dat aanvullende testen waarschijnlijk niet nuttig meer 

zijn. In dit hoofdstuk zullen de resultaten van ons onderzoek worden samen gevat en in 

de discussie zal deze kennis in perspectief worden geplaatst. Ook zullen er suggesties 

gedaan worden voor toekomstig onderzoek. 

SYSTEMATISCHE REVIEW

In hoofdstuk 2 worden de resultaten besproken van een meta-analyse van de literatuur 

naar de accuratesse van de systolische (SBP) en diastolische bloeddruk (DBP), de 

gemiddelde arteriële bloeddruk (MAP) en van een stijging in de bloeddruk als voorspeller 
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van preëclampsie. Er voldeden 34 studies aan de inclusiecriteria. In totaal zijn in die 

studies 60.599 vrouwen getest, waarvan 3341 met preëclampsie. Er is geen rekening 

gehouden met het gebruik van verschillende methoden en apparaten om de bloeddruk te 

meten. De oppervlakten onder de samenvattende receiver operating characteristic (ROC)

curven met 95% betrouwbaarheidsinterval voor bloeddrukmeting in het tweede trimester 

bij vrouwenmet een laag risico zijn: 0,68 (0,64-0,72) voor de systolische bloeddruk; 0,66 

(0,59-0,72) voor de diastolische bloeddruk; en 0,76 (0,70-0,82) voor de gemiddelde 

arteriële bloeddruk. Bloeddrukmeting in het eerste trimester van de zwangerschap toont 

vergelijkbare voorspellende waarden voor de verschillende parameters. Een gemiddelde 

arteriële bloeddruk ≥ 90 mmHg in het tweede trimester toont een likelihood ratio voor een 

positief test resultaat van 4,0 (95% betrouwbaarheidsinterval 2,4-5,6) en een likelihood 

ratio voor een negatief test resultaat van 0,43 (95% BI 0,10-0,78). Bij vrouwen met een 

hoog risico voorspelt een diastolische bloeddruk ≥ 75 mmHg gemeten tussen de 13 en 

20 weken zwangerschapsduur preëclampsie het beste met een positieve likelihood ratio 

2,8 (95% BI 1,8-3,6) en een negatieve likelihood ratio van 0,39 (95% BI 0,18-0,71). 

De voorspellende waarde verbetert niet in de subgroep analyses. We concluderen dat de 

hoogte van de bloeddruk weliswaar geassocieerd is met het ontstaan van preëclampsie 

maar dat bloeddruk als enige test onvoldoende goed voorspelt om bruikbaar te zijn in 

de dagelijkse praktijk. 

Prospectieve cohort studie

Om te onderzoeken of er verschillen zijn in cardiovasculaire parameters vroeg in 

de zwangerschap tussen vrouwen die later een hypertensieve aandoening van de 

zwangerschap zullen krijgen en vrouwen met een ongecompliceerde zwangerschap, 

hebben we prospectief een cohort vrouwen verzameld bestaand uit gezonde nullipara 

vrouwen en gezonde multipara vrouwen met een preëclampsie in de voorgeschiedenis. 

Alle vrouwen hadden een normale bloeddruk bij inclusie. Bij deze vrouwen werd vroeg 

in de zwangerschap, tussen 8 0/7-11 0/7 weken zwangerschapsduur, de bloeddruk 

gemeten met behulp van conventionele sfygmomanometrie (Maxi Stabil 3, Welch Allyn, 

Skaneateles Falls, New York, USA), continue registratie van de arteriële drukgolf van de 

vinger met de Finometer(Finapres Medical Systems, Amsterdam, Nederland) en met een 

ambulante bloeddrukmeter (ABPM) gedurende 48 uur (Spacelab 90207, Redmond, WA, 

USA). Ook werd informatie verzameld over leeftijd, etnische origine, roken, medische 

voorgeschiedenis, opleiding en lengte en gewicht.

295 Vrouwen konden geïncludeerd worden waarvan 251 nullipara waren en 44 multipara 

met een preëclampsie in de voorgeschiedenis. Vijf vrouwen werden geëxcludeerd in 

verband met ernstige congenitale afwijkingen van de foetus en van één vrouw konden de 
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gegevens over de afloop van de zwangerschap niet worden achterhaald. De gegevens van 

289 vrouwen waren beschikbaar voor analyse, 20 (6.9 %) kregen preëclampsie en 16 (5.5 

%) zwangerschapshypertensie. 39 vrouwen hadden een incomplete ABPM registratie als 

gevolg van technische problemen of omdat zij het apparaat niet konden verdragen. Van 

deze vrouwen hadden 28 tenminste 10 metingen in 48 uur. Deze registraties werden wel 

gebruikt bij de analyses. De resultaten van al deze metingen zijn beschreven in hoofdstuk 

3, 4 en 5.

Met behulp van de 48-uurs registratie met ABPM kan de hyperbare index (HBI) berekend 

worden. De HBI geeft aan hoeveel en hoe lang de bloeddruk boven de 90ste percentiel 

van de normaalwaarden is geweest per tijdseenheid (mmHg x uur).6 Door één studiegroep 

is de HBI gebruikt om in het eerste trimester latere preëclampsie te voorspellen met zeer 

goede resultaten; zij vonden een sensitiviteit van 94% en een specificiteit van 100%.10;11 

Sinds de publicatie van Hermida en collega’s is de HBI nog door één andere studiegroep 

bestudeerd, waarbij de deelnemers allemaal in het ziekenhuis waren opgenomen. 

(sensitiviteit 80%, specificiteit 77%).7 We wilden daarom de HBI als voorspellende test 

voor preëclampsie onderzoeken in ons eigen cohort. In hoofdstuk 3 beschrijven 

we de resultaten van dit onderzoek. We hebben de voorspellende waarde van de HBI 

vergeleken met de voorspellende waarde van de gemiddelde bloeddruk over 48 uur 

en conventionele sfygmomanometrie. 219 van de 289 vrouwen konden geïncludeerd 

worden. De registraties van 28 vrouwen konden niet gebruikt worden in verband met 

ontbrekende metingen of technische problemen. De eerste 90 nullipara vrouwen, 

met een normale bloeddruk gedurende de hele zwangerschap, zijn gebruikt voor het 

berekenen van de normaalwaarden over 24 uur. Bij de resterende 63 nullipara vrouwen 

en 38 multipara vrouwen met een eerdere preëclampsie werd de HBI berekend voor de 

SBP, DBP en MAP. De HBImax was gelijk aan de hoogste HBI van of SBP of DBP of MAP 

voor iedere vrouw. Voor preëclampsie had de HBImax de best voorspellende waarde, 

echter het verschil met de gemiddelde bloeddruk gemeten met ABPM of conventionele 

sfygmomanometrie was klein. De HBImax had een sensitiviteit van 73 % en een specificiteit 

van of 86 % bij een afkapwaarde van 17,6 mmHg x uur. SBP met  sfygmomanometrie 

had een sensitiviteit van 60 % en een specificiteit van 92 % bij een afkapwaarde van 118 

mmHg. De gemiddelde DBP over 24 uur met ABPM had een sensitiviteit van 53 % met 

een specificiteit van 95% bij een afkapwaarde van 74 mmHg. De voorspellende waarde 

voor zwangerschapshypertensie was slecht met alle meetmethoden (sensitiviteit tussen 54 

% en 77 %, specificiteit tussen 41 % and 78 %).

Onze conclusie is dan ook dat conventionele sfygmomanometry, ABPM en de HBI een 

vergelijkbare maar beperkte voorspellende waarde hebben in een groep met een laag 

en hoog risico. De hoge voorspellende waarde van de HBI zoals eerder beschreven 
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konden wij niet reproduceren en deze test kan daarom niet aanbevolen worden als 

voorspellende test in de dagelijkse praktijk.

Vrouwen die later in de zwangerschap preëclampsie of zwangerschapshypertensie 

kregen, hadden in het eerste trimester een hogere bloeddruk vergeleken met 

vrouwen met een onaangedane zwangerschap, gemeten met alle drie de apparaten, 

conventionele sfygmomanometrie, continue registratie van de arteriële drukgolf van de 

vVinger en ABPM (hoofdstuk 4). De absolute waarden waren verschillend tussen de 

apparaten. De puntschatters van de Odds ratio’s voor de associatie met preëclampsie 

of gecombineerde zwangerschapsuitkomst (preëclampsie of zwangerschapshypertensie) 

voor de verschillende bloeddrukparameters (SBP, DBP of MAP) in het eerste trimester 

waren, na correctie voor een eerdere preëclampsie, hoger bij het gebruik van de 

automatische bloeddrukmeters vergeleken met conventionele sfygmomanometry. Er was 

wel een aanzienlijke overlap van de 95% betrouwbaarheidsintervallen. De oppervlakte 

onder de ROCcurven voor conventionele sphygmomanometry met preëclampsie als 

uitkomst waren 0.73 (95% BI 0.58-0.83), 0.68 (95% BI 0.53-0.84) en 0.70 (95% BI 

0.55-0.85) voor respectievelijk SBP, DBP en MAP. Voor de Finometer was dit 0.82 (95% 

BI 0.68-0.95), 0.77 (95% BI 0.63-0.91) en 0.82 (95% BI 0.69-0.96) en voor ABPM 

0.78 (95% BI 0.65-0.91), 0.77 (95% BI 0.63-0.90) and 0.78 (95% BI 0.65-0.91) voor 

respectievelijk SBP, DBP en MAP. Voor de gecombineerde uitkomst (preëclampsie of 

zwangerschapshypertensie) waren de resultaten vergelijkbaar.

Omdat het bij een aanzienlijk deel van de vrouwen niet mogelijk was een volledige 

ABPM registratie te verkrijgen en er bij conventionele sfygmomanometrie in de dagelijkse 

praktijk een interobserver variatie is, concluderen wij dat bloeddrukmeting met behulp van 

de arteriële drukgolf van de vinger de meest belovende automatische bloeddrukmeting is 

om nader te bestuderen te worden in een groter cohort.

In hoofdstuk 5 hebben we de metingen van ons cohort gebruikt om de associatie 

van arteriële stijfheid vroeg in de zwangerschap en het later krijgen van preëclampsie te 

bestuderen. Onze hypothese was dat in combinatie met bloeddruk (MAP) de associatie 

hoger zou zijn dan van de enkele parameters. 

235 nullipara vrouwen en 42 multipara vrouwen konden geïncludeerd worden met een 

respectievelijke incidentie van preëclampsie van 4.3% en 16.6%. De registraties met de 

Finometer zijn gebruikt voor de analyses. Van de arteriële drukgolf van de vinger werd de 

aortadrukgolf gereconstrueerd en werden de augmentatieindex (AIx) en augmentatiedruk 

(AP) berekend. Na correctie voor een eerdere preëclampsie waren de AIx en AP in het 

eerste trimester geassocieerd met latere preëclampsie, oppervlakten onder de ROCcurven 

van 0.74 (95% BI 0.61-0.87) en 0.77 (95% BI 0.61-0.87). Wanneer de MAP werd 

toegevoegd aan het model gaf de combinatie met de AP de grootste oppervlakte onder 
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de ROCcurve (0.82 95% BI 0.66-0.97). Vergeleken met MAP in combinatie met eerdere 

preëclampsie is dit geen grote verbetering (oppervlakte onder de ROCcurve 0.79 (95% 

BI 0.64-0.93)). Onze resultaten pleiten niet voor het toevoegen van de AIx of AP aan 

een eventueel predictiemodel. De bloeddruk geeft vergelijkbare resultaten en is veel 

makkelijker te meten.

Hypertensieve aandoeningen van de zwangerschap en hart- en vaatziekten delen een 

aantal risicofactoren zoals hypertensie, diabetes en obesitas. Factoren die beïnvloedbaar 

zijn en hart- en vaatziekten zouden kunnen voorkomen of een (on)gunstige invloed hebben 

zouden misschien ook bruikbaar zijn bij de preventie van hypertensieve aandoeningen 

van de zwangerschap. Een van deze factoren is psychosociale stress.8;9 Verscheidene 

studies laten een verband zien tussen veel psychosociale stress in de zwangerschap en 

het ontwikkelen van preëclampsie of zwangerschapshypertensie.15-18 Echter de meeste 

van deze studies zijn retrospectief of case-control studies.

In hoofdstuk 6 hebben we de associatie van preëclampsie en zwangerschapshypertensie 

met psychosociale stress in de eerste helft van de zwangerschap onderzocht in een 

prospectief cohort. Voor dit onderzoek hebben we gebruik gemaakt van de data 

verzameld in de ABCD-studie (Amsterdam Born Children and their Development study). 

Dit is een prospectief community-based onderzoek dat de relatie tussen verschillende 

levensstijlen tijdens de zwangerschap en zwangerschapuitkomsten onderzoekt in een 

multiculturele populatie. In het kader van dit onderzoek werden tussen januari 2003 

en maart 2004 alle zwangere vrouwen in Amsterdam bij eerste controle verzocht 

een vragenlijst in te vullen. Voor dit onderzoek hebben we de gegevens gebruikt van 

alle nullipara vrouwen met een eenlingzwangerschap, die de vragenlijst voor de 24e 

zwangerschapsweek ingevuld hadden en na 24 weken zwangerschapsduur zijn bevallen. 

De vragenlijst die postpartum was ingevuld is gebruikt om informatie te krijgen over 

preëclampsie, hypertensie of eiwitverlies in de urine tijdens de zwangerschap. Ook 

werden gegevens gebruikt van de Landelijke Verloskundige Registratie (LVR) om 

informatie te verkrijgen over de zwangerschapsuitkomst. Van alle vrouwen die aangaven 

tijdens de zwangerschap hypertensie of eiwitverlies in de urine te hebben gehad werden 

de medische dossiers opgevraagd en bestudeerd. Net als van die vrouwen waarbij in de 

de LVR was aangegeven dat de zwangerschap gecompliceerd was door hypertensie. De 

diagnose preëclampsie of zwangerschapshypertensie werd gesteld volgens de richtlijnen 

van de International Society for the Study of Hypertension in Pregnancy. Van alle vrouwen, 

die niet aangegeven hadden hypertensie te hebben gehad, werd van willekeurig 5% de 

medische dossiers bestudeerd om er zeker van te zijn dat er geen vrouwen met een 

hypertensieve aandoening gemist werden. De studiepopulatie bestond uit 128 vrouwen 

met preëclampsie, 161 vrouwen met zwangerschapshypertensie en een controlegroep 
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van 3390 vrouwen. Psychosociale stress was gedefinieerd als werk stress (gemeten met 

Work Experience and Appreciation Questionnaire van van Velthoven en collega’s,10 

gedeeltelijk gebaseerd op the Job Content Instrument of Karasek et al.11), angst ( gemeten 

met the State-Trait Anxiety Inventory, STAI12), depressie (Center for Epidemiological 

Studies Depression Scale, CES-D13;14) en zwangerschapsgerelateerde angst (PRAQ-R15). 

Na correctie voor sociodemografische en medische factoren vonden wij geen associatie 

tussen psychosociale stress in de eerste helft van de zwangerschap en het ontwikkelen 

van preëclampsie of zwangerschapshypertensie later in de zwangerschap. 

Gebruik makend van hetzelfde cohort als in hoofdstuk 6 hebben we de associatie 

tussen lichaamsbeweging en hypertensieve aandoeningen in de zwangerschap 

onderzocht. Lichaamsbeweging voorkomt hart- en vaatziekten en kan de symptomen 

verminderen.16;17 De hypothese was dat vrouwen met meer lichaamsbeweging 

minder kans op een hypertensieve aandoening in de zwangerschap zouden hebben. 

In hoofdstuk 7 werd deze hypothese onderzocht. In de vragenlijst gebruikt door de 

ABCD-studie werden vragen gesteld over lichaamsbeweging in vrije tijd in de week 

voor het invullen. Er werden vragen gesteld over wandelen, fietsen, sporten en andere 

activiteiten zoals klussen en tuinieren. Ook werd er gevraagd naar het aantal minuten 

en de intensiteit van de activiteit. Na correctie voor sociodemografische en medische 

factoren werd er geen verband waargenomen tussen de incidentie van preëclampsie of 

zwangerschapshypertensie met de duur en de mate van inspanning van lichaamsbeweging 

in vrije tijd. 

Veel onderzoekers richten zich op het ontwikkelen van een risicoschatting op hypertensieve 

aandoeningen in de (vroege) zwangerschap. Maar ook voor de zwangerschap zou een 

risicoschatting interessant zijn. Het is bekend dat de ovariële hormonen het cardiovasculaire 

en renine-angiotensine-aldosteron systeem beinvloeden.18-20 Echter hoe groot het effect 

van de hormonale fluctuaties tijdens de menstruatiecyclus is op de bloeddrukregulatie is 

niet duidelijk en de literatuur over dit onderwerp is inconsistent.21-23 Het is dan ook niet 

zeker of het noodzakelijk is rekening te houden met de menstruatiecyclus bij het doen 

van metingen voor de conceptie. Het doel van de studie beschreven in hoofdstuk 

8 was om te bestuderen of hemodynamische parameters en cardiovasculaire controle 

anders zijn in de folliculaire fase van de menstruatiecyclus dan in de luteale fase. 39 

gezonde vrouwen, die nog nooit zwanger waren geweest, werden geïncludeerd voor 

deze studie. Op dag 5-10 en op dag 18-25 van de menstruatiecyclus werden bloeddruk, 

hartfrequentie, cardiac output en de totale perifere weerstand gemeten met behulp van 

continue registratie van de arteriële drukgolf van de vinger. De baroreflex sensitivity (BRS) 

en sympatische activiteit werden bestudeerd met behulp van spectraal analyse en xBRS. 
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Er waren geen verschillen in hemodynamische parameters, BRS en sympatische activiteit 

tussen de twee fases van de menstruatiecyclus. Hoewel er geen verschil is tussen de eerste 

en de tweede helft van de menstruatiecyclus, worden metingen bij voorkeur gedaan in de 

eerste helft van de cyclus omdat het dan zeker is dat er geen zwangerschap bestaat. Dit 

omdat de invloed van een zeer jonge zwangerschap op de bloeddrukregulatie onbekend 

is.

DISCUSSIE

Dit proefschrift rapporteert over hemodynamische parameters vroeg in de zwangerschap 

die geassocieerd zijn met het ontwikkelen van preëclampsie of zwangerschapshypertensie 

later in de zwangerschap. Deze variabelen zouden gebruikt kunnen worden in een 

predictiemodel voor deze aandoeningen.

Een predictiemodel zou van groot nut kunnen zijn bij het ontwikkelen van een preventieve 

therapie. Omdat preëclampsie in een ongeselecteerde populatie weinig voorkomt zijn 

nu grote cohorten nodig voor onderzoek. Dit onderzoek zou gemakkelijker worden 

als vrouwen met een verhoogd risico geselecteerd zouden kunnen worden. Ook zal 

preventie waarschijnlijk al vroeg in de zwangerschap moeten starten omdat de oorzaak 

voor de ziekte vroeg in de zwangerschap ligt ten tijde van de ontwikkeling van de 

placenta.24 Daarom zou een test die vrouwen met een hoog risico kan selecteren al in 

het eerste trimester van de zwangerschap bruikbaar moeten zijn. Een tweede mogelijke 

toepassing is om op basis van een risicoschatting op hypertensieve complicaties in de  

zwangerschap de intensiteit van de prenatale zorg te bepalen. Een voorspellende test 

zal een hoge sensitiviteit moeten hebben om het aantal fout negatieven te verkleinen 

aangezien preëclampsie ernstige gevolgen voor moeder en kind kan hebben. Omdat 

vooral ernstige preëclampsie niet veel voorkomt (0.5%) moet de voorspellende test ook 

een hoge specificiteit hebben. Tot nu toe is een dergelijke test niet beschikbaar om te 

gebruiken in de algemene populatie zwangere vrouwen.25

Het onderzoek beschreven in deze thesis bevestigt dat al in het eerste trimester de 

bloeddruk bij vrouwen, zonder preëxistente hypertensie, die later preëclampsie 

of zwangerschapshypertensie krijgen, verhoogd is. Dit verschil in bloeddruk zou 

gebruikt kunnen worden bij het voorspellen van hypertensieve aandoeningen van de 

zwangerschap (hoofdstuk 3 en 4). De gemiddelde arteriële bloeddruk (MAP) heeft 

het meest onderscheidende vermogen volgens onze meta-analyse van de literatuur 

(hoofdstuk 2).26 Dit hebben we gedeeltelijk kunnen bevestigen in onze prospectieve 

cohortstudie. Ook vonden we een hogere associatie met later preëclampsie van 
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bloeddruk gemeten met een ambulante bloeddrukmeter of met de Finometer dan met 

conventionele  sfygmomanometrie. Helaas was het aantal vrouwen in ons cohort te 

klein om significante verschillen te kunnen vinden. Het dragen van een ambulante 

bloeddrukmeter is belastend, in ons onderzoek was het niet mogelijk om bij 18% van de 

vrouwen een complete registratie te maken. Met de Finometer kan meer dan alleen de 

bloeddruk worden gemeten. Van de arteriële drukgolf van de vinger kan de aortodrukgolf 

gereconstrueerd worden en zo kan de compliantie van de vaatwand bestudeerd worden. 

Dit kan worden gebruikt om meer kennis over preëclampsie te verkrijgen. Verhoogde 

arteriële stijfheid is een onafhankelijke voorspeller van een slechte uitkomst bij mensen 

met hart- en vaatziekten.27 Verscheidene studies hebben een verhoogde arteriële stijfheid 

aangetoond bij vrouwen met preëclampsie.28-31 Ook in ons cohort hadden vrouwen 

in het eerste trimester van de zwangerschap die later preëclampsie kregen een hogere 

augmentatieindex en hogere augmentatiedruk (hoofdstuk 5). In tegenstelling tot anderen 

vonden wij een vergelijkbare associatie van AIx, AP en MAP. Wij concluderen dan ook dat 

het toevoegen van AIx of AP aan MAP in een predictiemodel geen toegevoegde waarde 

heeft.32 

Verscheidene andere factoren zijn al vroeg in de zwangerschap geassocieerd met 

preëclampsie en hun voorspellend vermogen is bestudeerd door anderen. Maternale 

factoren zoals body mass index, medische voorgeschiedenis en een eerdere zwangerschap 

gecompliceerd met preëclampsie zijn geassocieerd met het krijgen van preëclampsie.33 

Wanneer deze factoren gecombineerd worden in een multivariate analyse en een 

predictiemodel ontwikkeld is, is het aantal vrouwen, dat preëclampsie zal krijgen, die 

met dit model opgespoord worden laag. Met een fout positief percentage van 5% werd 

30% van de vrouwen die een preëclampsie zou krijgen en 20% van de vrouwen die 

zwangerschapshypertensie zou krijgen opgespoord.34 Andere potentiële voorspellende 

factoren zoals een abnormale doorbloeding van de arteria uterina of biochemische 

markers zijn ook onderzocht. In een meta-analyse vonden Cnossen en collegae een 

sensitiviteit van 43% en een specificiteit van 93% bij dubbelzijdige notches in de arteria 

uterina in het tweede trimester van de zwangerschap in een populatie met een laag risico 

op preëclampsie.35 De eiwitten die gebruikt worden bij de screening op Down syndroom 

zijn niet bruikbaar als voorspellende test.36 De voorspellende waarde van eiwitten 

betrokken bij de angiogenese is alleen onderzocht in kleine studies en deze hebben 

onvoldoende discriminerend vermogen.37 Het combineren van biochemische markers 

met een abnormale doorbloeding van de arteria uterina verbetert het voorspellend 

vermogen maar in een populatie met een laag risico op het krijgen van preëclampsie is 

de sensitiviteit niet groter dan 60-80%.38 



C
hapter 9

171

N
ederlandse sam

envatting, conclusies en aanbevelingen

Met behulp van logistische regressie analyse ontwikkelde Poon en collegae een 

predictiemodel voor preëclampsie. Zij combineren de logs van de pulsatility index van de 

arteria uterina, gemiddelde bloeddruk, 2 eiwitten gemeten in het serum van de moeder 

(PAPP-A en PGF) en maternale karakteristieken.4 De bloeddruk werd gemeten met een 

automatische bloeddrukmeter die gebruik maakte van oscillometrie. Met deze variabelen 

ontwikkelden zij drie modellen, een voor het krijgen van preëclampsie vóór 34 weken 

zwangerschap (vroege preëclampsie), een voor het krijgen van preëclampsie na 34 

weken (late preëclampsie) en een voor het ontwikkelen van zwangerschapshypertensie. 

Bij een zwangerschapsduur van 110/7-136/7 weken konden zij met deze modellen, bij een 

percentage foutpositieven van 5%, 93.1% van de vrouwen met een vroege preëclampsie, 

35.7% van de vrouwen met een late preëclampsie en 18.3% van de vrouwen met een 

zwangerschapshypertensie detecteren. Dit model lijkt veel belovend. Maar van de 476 

vrouwen met een positieve test kregen er 32 dadwerkelijk preëclampsie en 444 niet. 

Twee vrouwen met een vroege preëclampsie werden gemist. En van de vrouwen die een 

late preëclampsie kregen had maar 35.7% een positieve test.

De auteurs hebben verschillende modellen ontwikkeld voor het voorspellen van vroege 

en late preëclampsie met verschillend discriminerend vermogen. Vroege preëclampsie 

wordt vaak gecompliceerd door intra-uteriene groeivertraging door een inadequate 

placentatie terwijl bij een late preëclampsie er vaak een normale placenta is en een 

normaal gegroeid kind. Men denkt dat dit komt omdat een vroege preëclampsie 

veroorzaakt wordt door een abnormale reactie van het maternale immuunsysteem op 

de ontwikkeling van de placenta en dat een late preëclampsie veroorzaakt wordt door 

aanleg van de moeder voor hart- en vaatziekten en metabole stoornissen. 39 Dit kan 

verklaren waarom er meerdere predictiemodellen nodig zijn. 

Vrouwen met obesitas, hoge bloeddruk, hart- en vaatziekten, diabetes of een eerder 

doorgemaakte preëclampsie hebben een verhoogde kans om in de zwangerschap 

preëclampsie te krijgen. Seed en collegae vonden een incidentie van 23 % in nullipara 

vrouwen met hoge bloeddruk en obesitas. Bij vrouwen met een eerdere preëclampsie en 

hoge bloeddruk was de incidentie 30 %.40 Als het voorkomen van preëclampsie in de 

toekomst mogelijk is, is het waarschijnlijk goedkoper om deze vrouwen te behandelen 

zonder ze eerst te testen. Het zal afhangen van de kwaliteit van het predictiemodel en 

de voordelen van een preventieve behandeling of het kosteneffectief is om eerst de kans 

te berekenen op het krijgen van preëclampsie of meteen alle vrouwen te behandelen.

De ontwikkeling van predictiemodellen wordt gehinderd door de lage incidentie van 

preëclampsie. In een cohort zijn vaak weinig ziektegevallen en veel factoren waar voor 

gecorrigeerd moet worden. Dit kan zorgen voor een overschatting van het model.41 Dit 

is ook de reden dat wij geen predictiemodel konden ontwikkelen.
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Alle gepubliceerde modellen moeten worden gevalideerd in een andere populatie dan 

waarin ze ontwikkeld zijn. Dit wordt nog eens benadrukt door de resultaten van ons 

onderzoek aangezien we de goede voorspellende waarde van de HBI of de AIx niet 

konden reproduceren. 32;42;43 Ook al kan dit verklaard worden door kleine verschillen 

tussen de populaties en zwangerschapsduur. Dit maakt deze parameters ongeschikt om 

de kans op preëclampsie in de algemene populatie te voorspellen.

IMPLICATIES VOOR TOEKOMSTIG 
ONDERZOEK

1. Ontwikkeling van predictiemodellen
Het voorspellen van de kans op preëclampsie vroeg in de zwangerschap is belangrijk 

om preventie van de ziekte mogelijk te maken. Preventie zal vroeg in de zwangerschap 

moeten starten omdat de oorzaak van de ziekte zeer waarschijnlijk gevonden kan 

worden ten tijde van de ontwikkeling van de placenta. Het is noodzakelijk om grote 

studies te doen waarin de voorspellende waarde van de combinatie van maternale 

karakteristieken met de gemiddelde bloeddruk in het eerste trimester en andere 

parameters geëvalueerd worden. De eerste selectie zal gemaakt moeten worden 

op basis van medische en obstetrische voorgeschiedenis. Vrouwen met preëxistente 

hypertensie, nierziekten, diabetes of een preëclampsie vóór 34 weken zwangerschap in 

de anamnese hebben een verhoogde kans op het krijgen van preëclampsie. Het is de 

vraag of er voor deze vrouwen een predictiemodel ontwikkeld moet worden. Omdat 

2/3 van alle ziektegevallen optreden bij vrouwen die hun eerste kind verwachten 

zal verder onderzoek zich moeten richten op deze groep. Zeer waarschijnlijk zijn er 

verschillende predictiemodellen nodig voor vroege en aterme preëclampsie.

2. Het gebruik van automatische bloeddrukmeters bij het voorspellen van 
hypertensieve aandoeningen van de zwangerschap

Conventionele  sfygmomanometrie wordt gebruikt om de diagnose preëclampsie 

te stellen omdat met deze methode het meeste onderzoek is gedaan naar de 

gevolgen van preëclampsie en antihypertensieve therapie. Meerdere automatische 

bloeddrukmeters zijn gevalideerd voor het gebruik in de zwangerschap en meten zeer 

nauwkeurig de bloeddruk. Ook kunnen er vaak andere parameters met betrekking 

tot het cardiovasculaire systeem gemeten worden. Deze parameters zouden bruikbaar 

kunnen zijn bij het voorspellen van het optreden van preëclampsie en eventuele 

complicaties. Gebaseerd op de resultaten van ons onderzoek adviseren wij de 
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bloeddruk te meten met behulp van de arteriële drukgolf van de vinger in toekomstig 

onderzoek.

3. Prospectieve verzameling van klinische gegevens en biologisch 
materiaal van zwangere vrouwen

Het prospectief verzamelen en opslaan van klinische gegevens en biologisch 

materiaal van zwangere vrouwen is van essentieel belang voor het ontwikkelen 

van predictiemodellen. Zoals blijkt uit de resultaten van ons onderzoek en dat van 

anderen, is bloeddruk alleen niet voldoende om het voorkomen van preëclampsie te 

voorspellen in de dagelijkse praktijk.26;44 Een bruikbaar model zal zeer waarschijnlijk 

bestaan uit een combinatie van maternale karakteristieken, bloeddruk en biomarkers. 

Op dit moment worden grote cohorten vrouwen bestudeerd en de eerste resultaten 

gepubliceerd. De Scope studie is hier een voorbeeld van. Binnen deze studie wordt 

biologisch materiaal afkomstig van vrouwen uit Nieuw Zeeland, Australië, het 

Verenigd koninkrijk en de Verenigde Staten van Amerika verzameld.45;46 In Nederland 

zijn gynaecologen en verloskundigen verenigd binnen onderzoeksconsortia en zijn er 

dus goede mogelijkheden voor het verzamelen van een gelijksoortig cohort binnen 

bijvoorbeeld het Parelsnoerinitiatief (www.parelsnoer.org). Zo kan de ontwikkeling en 

validatie van een predictiemodel gestimuleerd worden.
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Lieve Ada en Jan, in bijna alles wat wij kinderen wilden hebben jullie ons gesteund en 

volgens mij komt daar het doorzettingsvermogen van ons alle vier vandaan. Het is fijn 

om te weten dat jullie er altijd voor ons zullen zijn.



190

Lieve Bram, Eva en Marit. Onze familie wordt steeds groter en gezelliger, eerst met jullie 

partners Jennifer, Maurits en Pim en nu ook met Kyran en Jurre erbij. Fijn dat jullie altijd 

naar mijn verhalen wilden luisteren. 

Special thanks to Jennifer for correcting my English grammar. 

Lieve D, de afgelopen jaren heb je niet alleen achter mij gestaan maar ook naast mij. Je 

moest eens weten hoe belangrijk dat is geweest, ik hou van jou!

Lieve Meinske en Stella, ieder mensenkind is weer een wonder, jullie zijn mijn 

wereldwonderen.
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C
urriculum

 V
itae

CURRICULUM VITAE

Karlijn Vollebregt werd op 22 april 1976 als oudste van vier kinderen geboren in Bussum 

en groeide op in Weesp. Nadat zij in 1994 haar VWO diploma behaalde op het Goois 

Lyceum in Bussum werd zij uitgeloot voor de studie Geneeskunde. Zij ging Geneeskunde 

studeren aan de Universiteit Gent in Gent (België). Na behalen van het eerste jaar 

werd zij in 1995 ingeloot en ging zij terug naar Nederland om Geneeskunde te gaan 

studeren aan de Universiteit van Amsterdam. Op aanraden van haar moeder deed zij 

haar verpleeghulpstage op de afdeling verloskunde van het Flevoziekenhuis te Almere en 

werd zij enthousiast voor het vak. In het kader van haar wetenschappelijke stage tijdens 

haar studie deed zij onderzoek onder leiding van Professor Ç. Ince bij de experimentele 

anaesthesiologie. Daar ontmoette zij Kees Boer en werd de basis gelegd voor haar verder 

onderzoek binnen de verloskunde. In 2002 ging zij, na haar afstuderen, werken als 

ANIOS gynaecologie in het Academisch Medisch Centrum. Vanaf januari 2004 heeft zij 

haar klinisch werk gecombineerd met het wetenschappelijk onderzoek wat zou uitgroeien 

tot dit proefschrift. In januari 2006 startte zij met haar opleiding tot gynaecoloog in 

het Flevoziekenhuis (opleider dr. G. Kleiverda) en een jaar later keerde zij terug naar 

het AMC (opleider prof. dr. M.J. Heineman). Sinds juli 2010 is zij weer terug in het 

Flevoziekenhuis voor het laatste deel van haar opleiding.

Karlijn woont samen met Derk Jan de Boer, zij hebben twee dochters; Meinske en Stella. 


