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Summary
OBJECTIVE: To find out if with specific subtypes of early-onset hypertensive disorders 
of pregnancy (hemolysis elevated liver enzymes low platelets [HELLP] syndrome, severe 
preeclampsia, eclampsia and fetal growth restriction) differ in increased prevalences of 
thrombophilic disorders.
DESIGN: Cohort study.
SETTING: Two university hospitals in Amsterdam, the Netherlands.
POPULATION: 216 patients participating in a randomized clinical trial with severe and 
early-onset hypertensive disorders of pregnancy.
METHODS: More than three months after delivery, all patients were invited for 
a thrombophilia screening protocol, including hereditary thrombophilic disorders 
(Factor II or V-Leiden mutation, APC-resistance, protein S deficiency), antiphospholipid 
antibodies (anticardiolipin antibodies and lupus anticoagulant activity), and hyper-
homocysteinemia (before and after methionin challenge). Disease expression 
was classified by HELLP syndrome, severe preeclampsia or neonatal birth weight 
ratio below the median (0.65). Univariate and multinomial regression analyses 
examined the association of disease expression with thrombophilic disorders, 
and other associated factors (chronic hypertension, smoking, Body Mass Index, 
positive family history of cardiovascular morbidity and demographic parameters). 
MAIN OUTCOME MEASURES: Incidence of thrombophilic disorders in different 
subtypes of disease.
RESULTS: Overall prevalence of thrombophilic disorders in 206 (95%) screened women 
was 36%, chronic hypertension was present in 32%, and 34% had a positive family 
history of cardiovascular morbidity. In multinomial regression analysis hereditary 
thrombophilia was more frequent among women with infants with a birth weight 
ratio <0.65 than in women with HELLP syndrome or severe preeclampsia (P = .01, 
OR 5.1 (1.5-7.3) and OR 3.4 (1.1-10.6) respectively). High Body Mass Index was 
less frequent in women with HELLP syndrome than in severe preeclampsia or fetal 
growth restriction (P = .06, OR 0.5 (0.3-0.9) and OR 0.4 (0.2-1.0) respectively). 
CONCLUSION: In this population, the high prevalence of thrombophilic factors and 
chronic hypertension was confirmed. Between groups, there were small differences. 
Hereditary thrombophilic disorders were associated with fetal growth restriction, but 
not with type of maternal disease, suggesting an effect on placental function. Maternal 
Body Mass Index was lower in women with HELLP syndrome. 



Introduction
Preeclampsia is a multisystem disorder with heterogeneous causative mechanisms.1 
Deficient placentation and uteroplacental insufficiency are associated with the 
development of endothelial dysfunction, the cornerstone of the syndrome.2,3 Clinical 
manifestations include several subtypes, ranging from maternal pregnancy induced 
hypertension or severe preeclampsia or hemolysis elevated liver enzymes low platelets 
(HELLP) syndrome to fetal growth restriction in varying degree.4-7 

Increased rates of thrombophilic disorders have been associated with preeclampsia/
HELLP syndrome.8-19 Thrombophilic disorders have also been implicated in fetal growth 
restriction.8,13,20-24 It may thus be speculated that thrombophilic disorders contribute to 
the heterogeneous clinical expression of the syndrome of preeclampsia. Most studies 
published to date, however, compare the incidence in a control population with the 
incidence in a population that is characterized by one specific subtype of the disease 
spectrum of hypertensive disorders of pregnancy, without taking into account the 
presence or absence of other subtypes of disease. 

In this planned post-hoc analysis of a trial cohort of women with severe early-onset 
hypertensive disorders of pregnancy, subjected to temporizing management, we aimed 
to find out if specific subtypes of hypertensive disorders of pregnancy are associated 
with specific thrombophilic disorders, taking into account the simultaneous occurrence 
of different subtypes of disease.  

Methods
The PETRA trial was a two-center, randomized, open label trial25,26 that enrolled 216 
women at a gestational age between 24 and 34 completed weeks at the Departments 
of Obstetrics of the Academic Medical Center and the VU University Medical Center 
in Amsterdam, The Netherlands between April 1st 2000 and May 31st 2003. All 
patients (with a singleton pregnancy) met at least one of the inclusion criteria of 
severe hypertensive disorders of pregnancy specified in Table I4-7 and were deemed 
eligible at entry for a temporizing management strategy. In line with the institutional 
review board approval of both hospitals, informed consent was obtained prior to 
inclusion. Participants were randomized for temporizing management strategy with or 
without plasma volume expansion. Full methods have been described previously.25,26 
Primary endpoint (neurological development of infants at term age) and secondary 
endpoints (maternal and infant morbidity) were comparable between both strategies. 
We therefore used the complete study population in the present analysis.
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At discharge, clinical diagnosis (of the entire disease episode, including the first seven 
days post partum) was determined according to Table I. For diagnosis of fetal growth 
restriction, birth weight was corrected for gestational age. The birth weight ratio (= 
observed birth weight divided by the 50th centile birth weight for gestational age, 
using the customized growth chart by Gardosi, correcting for maternal height, weight, 
ethnicity, parity, and baby sex) was used to establish a continuous measure of growth 
restriction.6 A birth weight ratio of 0.86 corresponds with the 10th centile that was 
used in the inclusion criteria. 

Three months post term, all patients were invited for a thrombophilic disorders 
screening protocol, which was standard care at the time of the study. Patients took 

Table I. Inclusion criteria for entry into the trial and clinical diagnosis at discharge

Inclusion diagnosis

HELLP syndrome4 platelet count  <100 *109/L and aspartate aminotransferase ³70 U/L and 
lactate dehydrogenase ³600 U/L

Severe preeclampsia5 diastolic blood pressure ³110 mm Hg and proteinuria (³0.3 grams/24 hours)

Eclampsia5 generalized convulsions in pregnancy not caused by epilepsy

Fetal growth restriction 
and Pregnancy Induced 
Hypertension (PIH)5-7

ultrasound estimated fetal weight at inclusion or birth weight at delivery 
<10th centile and diastolic blood pressure ³90 mm Hg

no oral contraceptives, nor folic acid, vitamin B12, or vitamin B6 supplementation 
between delivery and testing. Blood was drawn in a fasting state and six hours after 
a standardized methionine load of 0.1 gram/kg body weight with protein-restriction 
in between.

Citrated blood was collected and centrifuged within 25 minutes after withdrawal at 
4°C (3000 RPM for 10 minutes) and stored at –80°C until assayed.
Protein S antigen (normal values ≥65%), was assayed by enzyme-linked immunosorbent 
assays (ELISA) using antibodies from DAKO (Glostrup, Denmark).27 Free protein S 
(normal values ≥26%) was measured by precipitating the C4b-binding protein fraction 
with polyethylene glycol 8000 and measuring the concentration of free protein S in the 
supernatant. Resistance to the activated protein C was assessed by the activated protein 
C-dependent prolongation of the activated partial thromboplastin time, performed 
in both the absence and presence of activated protein C (Coated APC Resistance, 
Chromogenix, Mölndal, Sweden.28 Results were expressed as the ratio of the two 
values (normal value above 2.0). Factor V Leiden and prothrombin 20210A mutation 
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analysis was performed by routine PCR techniques after extraction of genomic DNA 
from peripheral leukocytes.29,30

Homocysteine levels were measured using high-performance liquid chromatographic 
assay for total homocysteine levels as reported previously.31 Normal ranges for fasting 
and post-loading levels were 6-15 mmol/L and 18-51 mmol/L (ranges for premenopausal 
women).
To detect the presence of lupus anticoagulant, the samples were screened with a 
dilute prothrombin time (PT) using recombinant human tissue factor (Innovin, Baxter 
Diagnostics Inc, Deerfield, USA) diluted at 1:200. Positive samples (PT patient/PT 
control >1.2) were tested with the diluted Russell’s viper venom time (dRVVT, LAC 
Screen, Gradipore, North Ryde, Australia) and were retested after 1:1 mixing with 
normal plasma. If the clotting time of mixed plasma compared to normal plasma was 
increased by 20% or more, the dRVVT was repeated after addition of an extra amount 
of phospholipids (LAC Confirm, Gradipore, North Ryde, Australia). Samples with a 
ratio of LAC Screen/LAC Confirm of more than 1.2 were considered positive for lupus 
anticoagulant.32 The presence of anticardiolipin antibodies IgG and IgM was tested by 
ELISA according to the directives of Harris.33 

Blood pressure was measured and the patient was defined to have chronic hypertension 
if blood pressure was equal or higher than 140/90 mm Hg or if the patient was on 
antihypertensive medication. 
Hereditary thrombophilia was assumed to be present if the activity of protein S was 
below the normal range, if activated protein C resistance was below the normal 
range or if the PCR for factor V Leiden or the prothrombin 20210A mutation revealed 
heterozygosity or homozygosity. Hyperhomocysteinemia was assumed to be present 
if homocysteine levels were above the normal values for women, either fasting, 6 
hours after methionine-loading, or both. Antiphospholipid antibodies were assumed 
to be present if lupus anticoagulant was present according to the description below, 
or if titers of anticardiolipin antibodies (IgM or IgG) were elevated at two separate 
occasions (at first visit, and, if positive at a second visit 6 weeks to 6 months later). 

Disease expression was categorized in this analysis by HELLP syndrome at or during 
admission, by severe preeclampsia at or during admission (definitions in Table I), and 
by a birth weight ratio below the median of the study population. Median birth weight 
ratio was used as divider (and not the 10th centile), because 94% of birth weights were 
below the 10th centile. Patients could be included in more than one subgroup. 
In univariate analysis, the association of disease expression classification (HELLP 
syndrome versus no HELLP syndrome, severe preeclampsia versus no severe 
preeclampsia, birth weight ratio below the median versus above the median) was 
assessed with demographic parameters (age ≥ 30 years, multiparity, ethnicity, Body 
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Mass Index ≥ 25, smoking during pregnancy), the presence of thrombophilic disorders 
(hereditary clotting disorders, antiphospholipid antibodies, hyperhomocysteinemia) 
and cardiovascular risk factors (chronic hypertension or positive family history for 
cardiovascular disease). Statistical analysis was with Fisher’s exact test (two-sided), and 
Mantel-Haenszel common odds ratio estimation. Non-parametric Mann-Whitney tested 
the relationship between thrombophilic disorders and birth weight ratio and gestational 
age (continuous measures). Differences were considered significant at P < .05. 
Because overlap of diagnostic categories was observed, we performed a secondary 
analysis where patients were exclusively classified in one diagnostic group. Firstly, all 
women with HELLP syndrome were selected. From the remaining women, patients 
with severe preeclampsia were selected. The third group consisted of women with 
a birth weight ratio below the median who did not have HELLP syndrome or severe 
preeclampsia. A multinomial regression analysis was performed with these three 
groups using the same parameters as in univariate analysis. The P value for entry was 
set at 0.1. The aim of this analysis was to test the discriminative capacity of the created 
prediction models, and is expressed in percentage of accurate prediction. Statistical 
calculations were performed with SPSS 12.0.2 (SPSS Inc. Chicago IL, USA).

Results
From admittance until discharge, 93 patients (43%) matched the criteria for HELLP 
syndrome. Severe preeclampsia was diagnosed in 158 cases (73%). Eclampsia had 
occurred in 9 patients (5 before inclusion, 4 during prolongation of pregnancy). Five 
patients with eclampsia also matched the criteria for HELLP syndrome and eight were 
grouped in the severe preeclampsia group. Birth weight was below the 10th centile 
(birth weight ratio 0.86) for gestational age in 198 patients (92%). Median birth weight 
ratio was 0.65 (range 0.28-1.10). Eighty percent of patients matched more than one 
diagnosis. Median gestational age at delivery or fetal death was 31.4 weeks (range 25.4-
38.6), 75 (35%) had a gestational age below 30 weeks, 180 (83%) had a gestational age 
below 34 weeks. Median birth weight was 1202 grams (range 300-2960).

At 3 months post term (median 5-6 months after delivery), 10 patients refused further 
evaluation, thus 206 patients were screened for thrombophilic disorders (Table II). 
Due to errors of the testing procedure, 15 women were not examined completely. The 
median interval between delivery and thrombophilia testing was 147 days (range 78-
318). Hereditary clotting disorders were observed in 23 (12%) cases, antiphospholipid 
antibodies in 29 (14%). Hyperhomocysteinemia was present in 42 (21%) cases. Seventy-
five patients (36%) were found to have any thrombophilic disorder, 17 (8%) had more 
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than one abnormality. Sixty-nine patients (32%) had chronic hypertension. There was 
a positive family history of cardiovascular morbidity in 73 patients (34%).

In univariate analysis, women with HELLP syndrome were less likely to be of non-
Caucasian descent, had a lower body mass index and were more frequently nulliparous 
than the remaining women (Table III). Severe preeclampsia was positively associated 
with chronic hypertension but negatively with hereditary clotting disorders. A low birth 
weight ratio (<0.65) was not significantly associated with any underlying factor. Birth 
weight ratios (0.64 versus 0.66; P = .14), birth weight (1160 g versus 1250 g; P = .79), 
gestational age at admission (30.0 weeks versus 29.8 weeks; P = .75), or gestational 
age at delivery (31.5 weeks versus 31.5 weeks; P = .71) were not different between 

Table II. Number of patients tested and number of abnormal tests for thrombophilic disorders

Patients tested Patients with abnormal test results

Hereditary clotting disorders 23 (11)

protein S27 203 4 (2)

Activated Protein C-
resistance*28

197 14 (7)

Factor V-Leiden mutation 
(G1691A)29

204 10 (5)

Factor II-mutation 
(G20210A)30

202 3 (1)

Antiphospholipid antibodies 29 (15)

anticardiolipin antibodies33 201 18 (9)

lupus anticoagulant**32 195 13 (7)

Hyperhomocysteinemia***31 42 (21)

homocysteine test t=0 202 17 (8)

homocysteine test t=6 196 34 (17)

Any thrombophilic disorder**** 206 75 (36)

Multiple disorders 206 17 (8)

Absolute values and percentages presented.
* Activated Protein C-ratio ≤2.0 was considered to represent true resistance to activated protein C.
** Lupus anticoagulant activity was considered present if the results were 2 standard deviations above 

the mean of plasma samples from a pool of healthy subjects.
*** Hyperhomocysteinemia was assessed after overnight fasting and 6 hours after methionine 

loading with standardized breakfast. Patients were considered to have hyperhomocysteinemia if 
homocysteine concentration of either sample exceeded the 97.5th percentile of that observed in 
healthy premenopausal women.

**** Abnormal test of hereditary clotting disorders OR antiphospholipid antibodies OR hyperhomo-
cysteinemia.
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women with and without thrombophilic disorders. The results for any of the outcomes 
did not change if patients were selected who had two thrombophilic disorders or if 
only patients with antiphospholipid antibodies, or hereditary thrombophilic disorders, 
or hyperhomocysteinemia were selected.

For multinomial regression analysis, 93 patients were selected in the HELLP syndrome group, 
88 patients in the severe preeclampsia group, and 27 patients in the low birth weight ratio 
group. Eight patients remained ungrouped (fetal growth restriction with birth weight ratio 
between 0.65 and 0.86). Hereditary thrombophilia was more frequent among women 
with infants with a birth weight ratio <0.65 than in women with HELLP syndrome or severe 
preeclampsia (P = .01, OR 5.1 (1.5-7.3) and OR 3.4 (1.1-10.6) respectively). High body mass 
index was less frequent in women with HELLP syndrome than in severe preeclampsia or 
fetal growth restriction (P = .06, OR 0.5 (0.3-0.9) and OR 0.4 (0.2-1.0) respectively). With 

Table III.  Univariate analysis of potential risk factors for HELLP syndrome, severe preeclampsia, 
                and for very low birth weight for gestational age.

All HELLP syndrome Severe preeclampsia Birth weight ratio <0.65

N (%) N (%) OR (95% CI) N (%) OR (95% CI) N (%) OR (95% CI)

All 216 93 
(43)

--- 158
(73)

--- 103
(48)

---

Age ≥ 30 years 111
(51)

45 
(48)

0.81
(0.47-1.39)

81
(51)

0.98
(0.54-1.79)

50 
(49)

0.80
(0.47-1.37)

Non-Caucasian 60
(28)

18 
(19)

0.46
(0.25-0.87)

46
(29)

1.29
(0.65-2.58)

27 
(26)

0.86
(0.47-1.57)

Nulliparous 151
(70)

73 
(79)

2.11
(1.14-3.89)

108
(68)

0.75
(0.38-1.47)

74 
(82)

1.19
(0.67-2.14)

Body Mass Index≥ 26 94
(44)

31 
(33)

0.48
(0.27-0.83)

69
(43)

0.90
(0.49-1.67)

45 
(44)

1.01
(0.59-1.74)

Smoking 15
(7)

10
(11)

2.8
(0.94-8.63)

10
(6)

0.70
(0.23-2.14)

8
(8)

1.28
(0.45-3.65)

Chronic hypertension 69
(32)

27 
(29)

0.79
(0.44-1.41)

57
(36)

2.16
(1.06-4.42)

27 
(26)

0.60
(0.34-1.07)

Family history of cardiovascular 
morbidity

73
(34)

32 
(34)

1.05
(0.59-1.85)

53
(34)

0.96
(0.51-1.81)

30 
(29)

0.67
(0.38-1.18)

Factor 2/5-mutation, APC-resistance 
or protein S deficiency *(205)

23
(11)

6
(7)

0.43
(0.16-1.14)

11
(7)

0.28
(0.11-0.67)

14 
(14)

1.74
(0.72-4.21)

Positive anticardiolipin antibodies or 
lupus anticoagulans  *(206)

29
(14)

12 
(14)

0.92
(0.41-2.03)

19
(13)

0.65
(0.28-1.50)

15 
(15)

1.16
(0.53-2.54)

Hyperhomocysteinemia *(202) 42
(21)

17 
(19)

0.85
(0.43-1.70)

28
(19)

0.69
(0.33-1.43)

21 
(22)

1.11
(0.56-2.18)
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this multivariate model the discrimination of HELLP syndrome was correct in 61% of cases, 
of severe preeclampsia in 43% and of birth weight ratio <0.65 in 26%. 

Discussion
The high prevalence of thrombophilic disorders in this study is in agreement with 
an abundance of studies demonstrating an increased rate of thrombophilic disorders 
in women with preeclampsia/HELLP syndrome8-19 or fetal growth restriction8,13,20-24 
compared with controls, although available evidence is not unequivocal.34-40 Meta-
analyses on the subject are equally equivocal and the strength of the association is thus 
not without discussion.41-44 Notwithstanding this, a number of studies hypothesize an 
association with the origin of the disease.11,14,15,21,22,45

Table III.  Univariate analysis of potential risk factors for HELLP syndrome, severe preeclampsia, 
                and for very low birth weight for gestational age.

All HELLP syndrome Severe preeclampsia Birth weight ratio <0.65

N (%) N (%) OR (95% CI) N (%) OR (95% CI) N (%) OR (95% CI)

All 216 93 
(43)

--- 158
(73)

--- 103
(48)

---

Age ≥ 30 years 111
(51)

45 
(48)

0.81
(0.47-1.39)

81
(51)

0.98
(0.54-1.79)

50 
(49)

0.80
(0.47-1.37)

Non-Caucasian 60
(28)

18 
(19)

0.46
(0.25-0.87)

46
(29)

1.29
(0.65-2.58)

27 
(26)

0.86
(0.47-1.57)

Nulliparous 151
(70)

73 
(79)

2.11
(1.14-3.89)

108
(68)

0.75
(0.38-1.47)

74 
(82)

1.19
(0.67-2.14)

Body Mass Index≥ 26 94
(44)

31 
(33)

0.48
(0.27-0.83)

69
(43)

0.90
(0.49-1.67)

45 
(44)

1.01
(0.59-1.74)

Smoking 15
(7)

10
(11)

2.8
(0.94-8.63)

10
(6)

0.70
(0.23-2.14)

8
(8)

1.28
(0.45-3.65)

Chronic hypertension 69
(32)

27 
(29)

0.79
(0.44-1.41)

57
(36)

2.16
(1.06-4.42)

27 
(26)

0.60
(0.34-1.07)

Family history of cardiovascular 
morbidity

73
(34)

32 
(34)

1.05
(0.59-1.85)

53
(34)

0.96
(0.51-1.81)

30 
(29)

0.67
(0.38-1.18)

Factor 2/5-mutation, APC-resistance 
or protein S deficiency *(205)

23
(11)

6
(7)

0.43
(0.16-1.14)

11
(7)

0.28
(0.11-0.67)

14 
(14)

1.74
(0.72-4.21)

Positive anticardiolipin antibodies or 
lupus anticoagulans  *(206)

29
(14)

12 
(14)

0.92
(0.41-2.03)

19
(13)

0.65
(0.28-1.50)

15 
(15)

1.16
(0.53-2.54)

Hyperhomocysteinemia *(202) 42
(21)

17 
(19)

0.85
(0.43-1.70)

28
(19)

0.69
(0.33-1.43)

21 
(22)

1.11
(0.56-2.18)

Data presented as numbers with percentages 
between brackets and odds ratios with 95%. 
confidence interval between brackets.
*Numbers (percentages) for tested patients.
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In this study we did not recruit a contemporary control population, because our aim 
was to examine if specific subtypes of hypertensive disorders of pregnancy were 
associated with specific thrombophilic disorders. During earlier research by the two 
participating centers a control group, consisting of women, who had only normal 
pregnancies, had been recruited.11,15 Comparison with this control group (prevalence 
11%) confirms that the prevalence of thrombophilic disorders in our study population 
was increased. 

The large overlap of diagnostic groups in pregnant women, who are admitted with 
early-onset hypertensive complications, hampers a proper analysis of the effect of 
underlying risk factors. Most studies ignore this issue and many do not even report co-
morbidity, as was recounted by the review of Morrison et al.38 
In this study, we analyzed our population firstly by group classification accepting the 
overlap with other diagnoses and secondly by selective group classification. For this 
last classification we had to decide for a sequence of importance. Although arguable, 
we based this classification on the general assumption that HELLP syndrome is the 
worst type of hypertensive complication. 

In univariate analysis hereditary thrombophilia was significantly reduced in severe 
preeclampsia. Inversely, in multinomial regression analysis of selective diagnostic 
groups it was observed that the prevalence was significantly higher in a selective group 
of women with infants with a birth weight ratio <0.65 compared to women with 
HELLP syndrome or preeclampsia. A relation of hereditary thrombophilia and fetal 
growth restriction has been observed by others.8,13,20-24,46 

The observation in univariate analysis of a lower body mass index in women with HELLP 
syndrome was confirmed in multinomial analysis. In univariate analysis Caucasian and 
nulliparity also contributed, but not in multinomial regression. Bodnar et al. have 
recently described that body mass index is a strong contributing factor to the risk of 
preeclampsia.47 However, they did not describe the co-incidence of HELLP syndrome 
or fetal growth restriction.  

Within this group of low gestational ages, we did not observe an association of the 
prevalence of thrombophilic abnormalities with gestational age at delivery, in contrast 
with a number of studies that included women in a broader range of gestational 
ages.11,14,21,22,45 We could not confirm the observation that women with severe 
preeclampsia had a higher prevalence of multiple abnormalities.14,16 
In a previous analysis of the same cohort, aimed at the identification of predictive factors 
for the development of adverse maternal outcome, it was shown that there was no 
relationship between thrombophilic disorders and the onset of complications from the 
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disease after admission.48 The presence of thrombophilic disorders was associated with 
a relative risk for major maternal complications (HELLP syndrome or major morbidity) 
of 1.51 (95% CI 1.05-2.18) in univariate analysis. However, in multivariate analysis this 
factor was eliminated from the logistic regression model. 

Conclusion
Most studies published to date on the association between the incidence of 
thrombophilias and the incidence of hypertensive disorders of pregnancy, characterize 
the disease by one of the subtypes. To our knowledge this is the first study to 
comprehensively compare the incidence of thrombophilias in a population of women 
with one or more subtypes of severe disease. 
In this population, a high prevalence of thrombophilic factors and chronic hypertension 
was confirmed. Between groups, small differences may be discerned. Underlying 
hereditary thrombophilic disorders were associated with fetal growth restriction, 
but not with type of maternal disease. Women with preeclampsia and fetal growth 
restriction had a higher body mass index than women with HELLP syndrome. This may 
indicate a difference in underlying cardiovascular risk factors between these groups. 
The disorders in the spectrum of pregnancy-related hypertensive disease are 
heterogeneous in etiology. Although associations observed in this study can at most 
partially explain differences in disease expression, some differentiation between 
underlying disorders of specific types of clinical expression can be made. However, it 
is still far from clear that HELLP, preeclampsia and fetal growth restriction associated 
with preeclampsia are any more than variants on a theme.
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