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Abstract 

A high concentration of lipoprotein(a) is associated with athero

sclerotic disease. Atheroma may develop in spiral arteries in both 

preeclamptic and normal pregnancies, but they are much more 

common in preeclampsia, particularly in the decidual segments. 

We hypothesized that a high concentration of lipoprotein(a) is 

associated with the development of preeclampsia. We studied 

40 women with a history of severe preeclampsia, 35 women with 

a history of preeclampsia and the (H)ELLP syndrome and 67 

controls with a normal obstetric history. Lipoprotein(a) levels were 

measured at least 10 weeks post partum in the second half of a 

normal menstrual cycle. None of the women in the study or the 

control group were pregnant or used oral contraceptives. 

Lipoprotein(a) levels over the 90th percentile of the lipoprotein(a) 

distribution of our control group (420 mg/L) were defined as 

abnormal. There was a statistically significant higher prevalence 

of abnormal levels of lipoprotein(a) in women with a history of 

severe preeclampsia (33%) in comparison with women with a 

history of preeclampsia and (H)ELLP syndrome (9%) and with 

the control group (10%). 

We found that a history of severe preeclampsia and spontaneous 

abortion was associated with elevated lipoprotein(a) levels as a 

posthoc finding. Whether spontaneous abortion and high levels 

of lipoprotein(a) are related remains to be demonstrated. 
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Introduction 
Endothelial cell dysfunction is crucial in the pathophysiology of preeclampsia.1'2'3'4567 The 

induction of endothelial dysfunction is probably multifactorial. Lipoprotein(a) consists of a 

low density lipoprotein (LDL) particle to which a long polypeptide chain is attached (the 

apo(a) polypeptide chain). Several studies have shown an association between high levels 

of lipoprotein(a) and vessel wall changes which resulted in the hypothesis that lipoprotein(a) 

may induce atherosclerosis.8910 This may be mediated by the influence of lipoprotein(a) 

on the fibrinolytic process, plaque formation, endothelial function and function of 

mononucleated cells.11 The concentration of lipoprotein(a) is under strict genetic control 

and in healthy adults exhibits a high level of stability. Lipoprotein(a) is metabolically 

independent of LDL and its concentration remains unaltered, even if major changes occur 

in LDL levels as a result of dietary intervention or use of lipid reducing drugs.12 In the 

Caucasian population the distribution of lipoprotein(a) is skewed whereas in American and 

African Blacks the distribution is bell-shaped.13 

Atheroma have been observed in spiral arteries in both preeclamptic and in normal 

pregnancies, although in preeclampsia it is much more common and widespread, especially 

in the decidual segments.14 Berg et al.15 proposed that very high levels of lipoprotein(a) 

may interfere with placental circulation and cause fetal growth retardation. Husby et al.16 

reported two sisters with very high levels of lipoprotein(a), both with a history of severe 

preeclampsia. Wang et al.17 found elevated levels of lipoprotein(a) in pregnant women 

with preeclampsia as compared to pregnant women with uncomplicated pregnancies. On 

the other hand Leerink et al.18 detected no differences of lipoprotein(a) levels between 

women with a history of preeclampsia in comparison with controls with a history of normal 

pregnancies. 

We tested the hypothesis that women with a history of severe preeclampsia have higher 

levels of lipoprotein(a) than women with uncomplicated pregnancies only. These studies 

were done at least 10 weeks post partum. 

Materials and Methods 
Women with a history of severe preeclampsia or preeclampsia complicated by (H)ELLP 

syndrome were recruited between January 1995 and October 1996 at the department of 

obstetrics and gynaecology, Academic Medical Center, Amsterdam. Severe preeclampsia 

was defined by a diastolic blood pressure > 110 mm Hg on more than two occasions at 

least 4 hours apart with proteinuria > 0.5 g/L as measured in 24 hours urine samples, 



diagnosed before 34 weeks gestation and delivered before 36 weeks gestation. 

Preeclampsia with (H)ELLP syndrome was defined by a diastolic blood pressure of > 90 

mm Hg on more than two occasions at least 4 hours apart with proteinuria > 0.5 g/L and 

the simultaneous occurrence of a platelet count < 100.109/L and serum aspartate amino 

transferase (ASAT) or serum alanine amino transferase (ALAT) > 70 U/L, irrespective of 

gestational age. Hemolysis was defined by serum lactate dehydrogenase (LDH) > 600 U/L. 

Women with hemolysis were classified as having HELLP syndrome and those women 

without hemolysis as having incomplete HELLP i.e. ELLP.19 Women with preexisting 

hypertension, vascular or renal disease, diabetes or thyroid diseases were excluded. 

The control group, recruited by advertisement between January 1995 and October 1996, 

consisted of healthy women with a normal menstrual cycle between the ages of 20-40 years, 

and a history of one or more normal pregnancies and no spontaneous abortions. All women 

were investigated for lipoprotein(a) not earlier than 10 weeks post partum in the second half 

of a normal menstrual cycle. None were pregnant or had used oral contraceptives for at least 

8 weeks before testing. 

Informed consent was obtained from all participants and the study was approved by the 

Institutional Review Boards. 

Laboratory test 
Blood samples were taken after overnight fasting for lipoprotein(a) determination. The 

TintElize Lp(a) (Biopool, Sweden) is a sandwich-type enzyme immunoassay for the 

quantitative determination of lipoprotein(a) in plasma or serum.20 The assay utilizes affinity 

purified polyclonal antibodies raised against lipoprotein(a). Values higher than the 90th 

percentile of the lipoprotein(a) distribution of the control group (> 420 mg/L) were considered 

to be abnormal. Comparison between groups was also performed at the more usual cut 

off level of 300 mg/L. 

Statistical analysis 
Differences between groups were tested two-sided by use of chi-square test or Student's t-

test as appropriate. An association between elevated lipoprotein(a) levels and classification 

of disease (severe preeclampsia; preeclampsia with (H)ELLP syndrome), maternal age 

(< 35 years; > 35 years), ethnic descent (Caucasian; negroid), birth weight (interval-scaled) 

and gestational age (interval-scaled) of the index pregnancy, blood pressure at date of blood 

sampling (systolic bloodpressure > 130 mm Hg and diastolic blood pressure > 90 mm Hg 

versus lower bloodpressures) and a history of spontaneous abortion below 16 weeks was 

evaluated using a multivariate logistic regression analysis. The analysis was started with all 
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variables included in the model. Terms were removed or re-entered at each step by 

maximum likelihood method. The convergence criterion for the likelihood function and for 

the parameters was set at 0.0001. Statistical significance was considered at p < 0.05. 

Results 
Fourty women with a history of severe preeclampsia and thirty-five women with a history 

of preeclampsia together with the (H)ELLP syndrome were included in the study group 

and sixty-seven women in the control group. In the (H)ELLP group 15 patients had the 

complete HELLP syndrome, 20 patients had the ELLP syndrome. The characteristics both 

groups are presented in Table 1. The median time interval between delivery and sample 

date was significantly longer for the control group than for the study group. Women in the 

study group had a significantly higher blood pressure at sample date than controls 

notwithstanding their younger age. 

Table 1. Clinical characteristics of the study group and the control group. Parity, birth weight 
and gestational age refer to the index pregnancy. The remaining details were obtained at the 
date of blood sampling. Values are given as n (%) or median (range) 

Study group Control group 
Preeclampsia (n=40) (H)ELLP(n=35) (n=67) 

Age (years)* 30(21-39) 30(21-37) 36 (22-46) 
Negroid 14(35) 0 ( - ) 3(5) 
Primipara 26 (65) 31 (89) 30 (45) 
Gestational age (weeks)* 32 (23-36) 31 (23-40) 40 (37-43) 
Birth weight (grams)* 1307 (250-2200) 1265 (485-3710) 3500 (2500-4500) 
Interval delivery-sampling (wks)* 42 (10-166) 35 (10-125) 120(15-747) 
Systolic blood pressure (mmHg)* 130 (100-160) 125 (100-160) 110(90-150) 
Diastolic blood pressure (mmHg)* 85 (70-120) 80 (55-100) 70(55-100) 
Smoking* 17(43%) 13(37) 12(18%) 
Venous thromboembolism 1 2 0 
Spontaneous abortion 5(13) 2(6) — 

*= p < 0.05 ; preeclampsia or (H)ELLP group versus control group. 

Table 2 shows significantly higher lipoprotein(a) levels in the women with a history of severe 

preeclampsia (median 218 mg/L, range 6-768) compared with women with also a history 

of (H)ELLP syndrome (median 101, range 9-768) or controls (median 122 mg/L, range 0-

574). The frequency distribution of lipoprotein(a) concentration in women with a history of 

severe preeclampsia, (H)ELLP syndrome and controls is shown in figure 1. The 90th 
81 
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Figure 1. Frequency distribution of lipoprotein(a) concentration in women with a history of severe 
preeclampsia or preeclampsia with (H)ELLP syndrome and controls. 

percentile of lipoprotein(a) levels in the control group was 420 mg/L. Thirteen (33%) women 

with a history of severe preeclampsia, three (9%) women with a history of (H)ELLP syndrome 

and seven (10%) controls had levels higher or equal to this value (Table 2). 

The obstetric characteristics of the women in the study group with normal lipoprotein(a) 

levels and with abnormal levels (> 420 mg/L) are compared in Table 3. Women who had 

suffered from severe preeclampsia without (H)ELLP syndrome had significantly more often 

a lipoprotein(a) level of 420 mg/L or above than those women who had suffered from 

preeclampsia with (H)ELLP syndrome (odds ratio 5.1 (1.2-25.9)). No differences of 

gestational age or birth weight were observed between women with normal and women 

with elevated lipoprotein(a) levels. 

Table 2. Comparison of lipoprotein(a) levels of women with a history of severe preeclampsia 
only and women with a history of preeclampsia and (H)ELLP syndrome with the control group. 
Values are given as n (%) or median (range). 

Study group Control group 
Preeclampsia (n=40) (H)ELLP (n=35) (n=67) 

Lipoprotein(a) (mg/L) 
Lipoprotein(a) >420 mg/L 
Lipoprotein(a) >300 mg/L 

218(6-768)* 
13 (33)* 
16(40) 

101 (9-768) 
3 ( 9) 
7(20) 

122 (0-574) 
7(10) 
15(22) 

p < 0.05 ; preeclampsia group versus control group or (H)ELLP group 
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Table 3. Comparison of obstetric characteristics of women with a history of severe preeclampsia 
with a normal lipoprotein(a) and with an elevated lipoprotein(a) level. Values are given as n (%) 
or median(range). 

Lipoprotein(a) Lipoprotein(a) Odds ratio 95% CI 
<420 mg/L >420 mg/L 

N 59 16 
Age (years) 30(21-39) 32 (24-39) ns 
Preeclampsia 27 (46) 13(81) 5.1 1.2-25.9 
(H)ELLP 32 (54) 3(19) 
Gestational age (weeks) 32 (23-40) 32 (23-36) ns 
Birth weight (grams) 1265 (440-3710) 1368 (250-2200) ns 
Perinatal mortality 15(25) 6(38) ns 
Spontaneous abortion 2 (3 ) 5(31) 13.0 1.8-114 
Negroid 8(14) 6(38) 3.8 0.9-16.3 
Negroid + sp. abortion 0 ( - ) 3(19) 

Table 4. Odds ratios with 95% confidence limits for having an elevated lipoprotein(a) 420 mg/L 
calculated by stepwise multivariate logistic analysis in the total population. 

Odds Ratio 95% confidence limits 

Age >35 years 5.5 1.3-23.8 
Control 1 
(H)ELLP syndrome 1.4 0.3- 8.0 
Preeclampsia 8.8 1.8-42.3 
Preeclampsia and spontaneous abortion 15.1 2.0-113 

Ethnic descent, birth weight and gestational age of the index pregnancy and systolic and 
diastolic blood pressure at the sample date did not contribute significantly to the model. 

Seven (9%) of the seventy-five women in the study group had a history of at least one 

spontaneous abortion (Table 3). Five (71%) of these had abnormal lipoprotein(a) levels. 

The odds ratio for women in the study group with one or more abortions to have a 

lipoprotein(a) level of 420 mg/L or above was 13.0 (1.8-114). Two women with a history of 

severe preeclampsia experienced recurrent abortions and both had an abnormal 

lipoprotein(a) level. Fourteen (35%) women with a history of severe preeclampsia were 

negroid, 6 (43%) of them had an abnormal lipoprotein(a) level. None of the 35 women with 

a history of preeclampsia with (H)ELLP syndrome were negroid. In the control group 3 

(6%) women were negroid, all had normal values. Three of the 14 negroid women with a 

history of severe preeclampsia had a history of at least one spontaneous abortion and all 

had an abnormal lipoprotein(a) level. go 



A multivariate logistic analysis demonstrated that maternal age > 35 years, the history of 

severe preeclampsia and the combined history of spontaneous abortion and severe 

preeclampsia or (H)ELLP syndrome were significantly related to lipoprotein(a) concen

trations of 420 mg/L or above, while birth weight or gestational age of the index pregnancy, 

blood pressure at the date of sampling or ethnic descent did not (Table 4). 

Discussion 
We found a statistically significant higher lipoprotein(a) concentration in women with a 

history of severe preeclampsia in comparison with women who had a history of preeclampsia 

with (H)ELLP syndrome and with controls who had a history of normal pregnancies only. 

Several studies have speculated upon the causes of endothelial cell dysfunction involved 

in the pathophysiology of preeclampsia. Fatty acids interact with human endothelial cells 

in culture and may also contribute to the development of preeclampsia.7 In normal 

pregnancies the diameter of the spiral arteries is physiologically increased. This does not 

take place in preeclampsia and results in decreased uteroplacental perfusion.21 In 

preeclampsia local fibrin deposition in the myometrial and decidual segments of the spiral 

arteries is increased and coagulation is activated. Thromboembolic events in maternal 

uterine vessels may lead to various ischemic changes in the placenta. The association 

between lipoprotein(a) and preeclampsia was suggested in two case reports.1516 

Furthermore Wang et al.17 described in a small cohort study a statistically significant 

difference of lipoprotein(a) concentrations in third trimester plasma samples of women 

with preeclampsia compared to women with normal pregnancies. They measured the 

highest levels in eight women with severe preeclampsia and intermediate levels in eighteen 

women with mild preeclampsia. No details were presented with regard to (H)ELLP 

syndrome. Contrary to these results Leerink et al.18 detected no difference in lipoprotein(a) 

levels between 39 women with a history of preeclampsia and 47 healthy control women. 

They defined preeclampsia by a diastolic blood pressure > 90 mm Hg or a rise of diastolic 

blood pressure > 15 mm Hg and proteinuria > 500 mg/L. No details were presented with 

regard to the number of women who had severe preeclampsia or (H)ELLP syndrome. The 

different outcome between both studies may partly be explained by blood sampling during 

pregnancy in one17 and post partum in the other.18 Data on changes of lipoprotein(a) 

during pregnancy are not available. Although lipoprotein(a) levels are under strict genetic 

control12 the metabolism may be influenced by a number of factors. In postmenopausal 

women lipoprotein(a) increases, while steroid replacement therapy reduces lipoprotein(a) 
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levels in these women.2223 In patients with nephrotic syndrome lipoprotein(a) levels are 

excessively high 24 and in patients with liver dysfunction levels are low.25 The underlying 

mechanisms for these influences are presently not completely clear. Differences in hormone 

level, kidney or liver dysfunction during severe preeclampsia could explain in part the 

results of Wang et al.17 The difference between our results and those of Leerink et al.18 

may well be explained by differences in inclusion criteria of the study group. Leerink et al. 

included women with a history of preeclampsia without specifying severity of the disease, 

while we included women with a history of preeclampsia complicated by early onset and 

very high blood pressure or by (H)ELLP syndrome. Our observation that abnormal 

lipoprotein(a) levels were significantly more frequent in women with a history of severe 

preeclampsia without (H)ELLP syndrome than in those with a history of preeclampsia with 

(H)ELLP syndrome could implicate a different etiology for preeclampsia with and without 

(H)ELLP syndrome. However, these findings should be confirmed prospectively before 

further conclusions can be drawn. 

A histological study of the maternal-embryonic interface in spontaneous abortion showed 

a striking defective development of hemochorial placentation and in particular a frequent 

absence of physiological changes in the utero-placental arteries, the spiral arteries. This 

seemes to be associated with a reduction in trophoblast invasion.26 In most cases circulatory 

disturbances were present in the placental bed, irrespective of the cause of the abortion 

(chromosomal anomaly, embryonic death). No data are available about lipoprotein(a) 

concentrations in women with a history of recurrent spontaneous abortion. We found in a 

post hoc analysis that women with a history of preeclampsia and spontaneous or recurrent 

abortion had a high frequency of abnormal lipoprotein(a) level. This could be related to 

abnormal vascular development. However, these findings should be regarded with caution 

because the study group was selected for a history of preeclampsia and not for a history of 

spontaneous abortion. Whether spontaneous abortion or recurrent abortion and high levels 

of lipoprotein(a) are related remains to be demonstrated. 
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