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Background—Serum levels of lipoprotein(a) [Lp(a)] are determined largely by genetic variation in the gene encoding for
apolipoprotein(a) [apo(a)], the specific protein component of Lp(a) that is very homologous to plasminogen. High
plasma levels of Lp(a) increase the risk for premature atherosclerotic vessel diseases. We investigated the little-
characterized role of Lp(a) as a risk factor for venous thromboembolic diseases, alone and in conjunction with
established thrombophilic risk factors of proteins regulating blood coagulation and fibrinolysis.

Methods and Results-Serum levels of Lp(a) and lipids, protein C, protein S, and antithrombin, as well as the size of
apo(a) isoforms and the presence of the factor®f:@utation, were determined in 186 consecutively admitted children
from neonates to 18 years old with a history of venous thrombosis and in 186 age- and disease-matched control subjects
Children with a history of venous thrombosis had a significantly higher median Lp(a) level (19 versus 4.4 mg/dL) than
control subjects. The risk for thromboembolic events in children with Lp(a) levels in the upper quart#@Qeng/dL,
was 7.2 (95% CI, 3.7 to 14.5). The size of apo(a) isoforms was inversely related to Lp(a) levels and to the risk for
thromboembolic events. Compared with the highest quartile of the apo(a) size distribution, the lowest quartile was
associated with a risk of 8.2. In addition, multivariate statistical analysis gives evidence that the facfdmi@tion
(OR/CI, 2.8/1.6 to 4.9), protein C (OR/CI, 6.5/2.1 to 19), and antithrombin deficiency (OR/CI, 10.4/1.2 to 90) were
independent risk factors of childhood venous thrombosis. Coincidence of elevated Lp(a) with fact8mvuttion or
deficiencies of protein C or antithrombin further increased the risk for thromboembolic events to 8.4.

Conclusions—Lp(a) >30 mg/dL is a risk factor for venous thromboembolism in childhood. Lp(a) measurements should
be included in the screening of causal factors in children with venous thromboembolic e{@intsilation.
1999;100:743-748.)
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V arious genetic defects of proteins regulating blood domain, a kringle V—like domain, and a variable number of
coagulation have been established as risk factors for kringle IV repeats, all of which have strong structural
thromboembolic diseases. Most of them affect the protein C homologies to plasminogenis The genetically determined
pathway, namely, deficiencies of protein C and protein S as variation in the number of kringle IV repeats leads to the
well as the factor V mutation FV:¥, which underlies the synthesis of apo(a) isoforms whose molecular weight varies
resistance of activated protein C. Prothrombotic states havebetween 200 and 800 kDa and is inversely correlated to Lp(a)
also been associated with defects in the genes of antithrom-plasma level$#1¢ The size polymorphism and additional
bin, plasminogen, and fibrinogérs Finally, the previously genetic variation of the apo(a) gene largely control Lp(a)
described 20210GA variant of the prothrombin gene also levels so that Lp(a) concentrations have intraindividual and
seems to be a common but probably mild risk factor for interindividual variability, with serum levels ranging between
arterial and venous thromboemboligm. 0 and 300 mg/dl24.16

Many prospective and case-control studies identified ele- Both in vitro and in vivo, Lp(a) has antifibrinolytic
vated levels of lipoprotein(a) [Lp(a)] as a risk factor for propertie$>17-19that have in part been made responsible for
premature myocardial infarction and stréké3 Lp(a) resem- its association with cardiovascular disease. In this respect, it
bles LDL in its high cholesterol content and in the presence is surprising that only few data are available on the role of
of 1 molecule of apolipoprotein (apo) B. The additional Lp(a) as a risk factor for venous thrombosis and thromboem-
protein in Lp(a) is called apo(a) and contains a protease bolic stroke of venous origin. Some small-scale studies and
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single case reports have indicated that elevated Lp(a) levelsTABLE 1. Underlying Diseases in Patients (n=186) and
may further increase the risk of thrombotic events in patients Control Subjects (n=186)

suffering from an acquired prothrombotic state due to rheu- Control
matic diseases, polycythemia vera, or nephrotic syn- Patients Subjects
drome20-25|n 35 children who were consecutively referred to
us because of venous thrombosis, we previously observed an

Age, y 5 (0-18) 5.5 (0-18)
Male:female ratio 1:1.1 1:1.1

increased prevalence of Lp(&)50 mg/dL2¢ To investigate

whether elevated Lp(a) levels are associated with the occur- No. of underlying diseases “ v
rence of thromboembolic events in childhood, we have now Central linest 28 25
conducted a controlled multicenter case-control study. The Severe bacterial/viral infectiont 20 18
frequency distribution of apo(a) isoforms was also analyzed Streptococci 3 3
to rule out the possibility that differences in Lp(a) levels Staphylococci 4 4
among case and control §ubjects are se_condary to the throm- Haemophilus influenzae 2 2
boembolic events or their treatment. Finally, we compared .

. . . . . Pneumococci 2 2
the relative risks associated with elevated Lp(a) or established Escherichia coli 5 )
thrombophilic risk factors and determined their cooperative seherichia cot )
effects on the occurrence of thromboembolic events. Pseudomonas aeruginosa 2 1

Varicella-zoster virus 2 2
Methods Adenovirus 2 2
Study Population Malignancyt 22 23
The present multicenter case-control study was performed in accor- Acute leukemia 14 15
dance with the ethical standards laid down in the relevant version of Non-Hodgkins lymphoma 2 2
the 1964 Declaration of Helsinki and approved by the medical ethics )
committee at the Westiache Wilhelms-University, Moster, Hodgkins lymphoma 1 1
Germany. Neuroblastoma 2 2
Inclusion in this study was subject to the following criteria: Nephroblastoma 3 3
(1) thrombotic events had to occur before the age of 18 years; P o
(2) thromboembolism had to be confirmed objectively by standard Rheumatic diseasest 5 4
imaging methods, ie, duplex sonography, venography, CT and MR Cardiac diseasestt 28 30
imaging for the diagnosis of venous thromboembolism, and cerebral TGA 4 4
CT scanning, MR imaging, MR angiography, or transcranial Doppler
ultrasonography for the diagnosis of thromboembolic ischemic TrA 5 5
stroke; and (3) to prevent confounding effects of acute reactive HLHS 3 3
processes or oral anticoagulation3 months had to pass between TAC 3 3
the last thrombotic episode and blood sample collection for the
guantitative assays described below. Patients with abnormal quanti- TOF 1 1
tative laboratory test results were followed up for a minimum of 6 VSD 7 3
weeks after the first examination to obtairl further blood sample
for reanalysis. ASD 2 4
Since 1996, the above criteria were fulfilled by 186 newly DCM 2 1
admitted patients O to 18 years old (median age at first thrombotic Ebstein anomaly 1 1
event 5.5 years) from different geographic areas of Northwest ] )
Germany. The thrombotic manifestations included isolated deep vein Peripartal asphyxiat 5 5
thrombosis (r42), central nervous thrombosis=82), renal ve- Acute dehydrationt 4 4

\r:(e)il:f ;[Errgmggssili ((1:390))" gl)jglélrﬁ (;/reIga?arloT;?fltshfgr?t’)s;gi?ivﬁn TGA indicates transposition of the great arteries; TrA, tricuspid atresia; HLHS,

inferior caval vein thrombosis ¢a12), portal vein thrombosis hypoplastic left hgart syndrome; TAC, truncus grtenosus; TOF, tetralogy of

(n=12), hepatic vein thrombosis 1), veno-occlusive disease Fgllot; VSD,_ ventricular septal defect; ASD, atrial septal defect; and DCM,

(n=2), multiple venous thrombosis £5), deep vein thrombosis  dilated cardiomyopathy.

with pulmonary embolism @®2), pulmonary embolism ¢10), *Median and range values.

retinal venous thrombosis €2), and thromboembolic stroke of tTAbsolute numbers of patients or control subjects.

venous origin (patent foramen ovale=88). fHemi-Fontan correction was performed in 2 patients and 3 control
With informed parental consent, samples from 186 age- and subjects; operation according to Fontan in a further 2 patients and 2 children

disease-matched children from the same geographic areas wereof the control group.

investigated as controls. Underlying diseases of patients and control

subjects are shown in Table 1. )
S-Monovettes (Sarstedt), from which cells were separated by cen-

trifugation at 300@ for 15 minutes. The buffy-coat layer was then
removed and stored at70°C until DNA extraction was performed
by standard techniques.

Laboratory Methods

Blood Sampling

With informed parental consent, blood samples were collected by
peripheral venipuncture into 3.8% trisodium citrate (1 part antico- Measurement of Lipids, Lipoproteins, and Lp(a)

agulant, 9 parts blood; Sarstedt tubes) and placed immediately on Total cholesterol, triglycerides, and HDL cholesterol were measured
melting ice. Platelet-poor plasma was prepared by centrifugation at with enzymatic assays and (for HDL cholesterol) a precipitation
300Qy for 20 minutes at 4°C, divided into aliquots in polystyrene method from Boehringer Mannheim on a Hitachi autoanalyzer. LDL
tubes, stored at-70°C, and thawed immediately before the assay. cholesterol was calculated with the Friedewald forn®ild.p(a)

For gene analysis, we obtained venous blood in EDTA-treated plasma concentrations were measured with an ELISA technique
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using mouse monoclonal anti-apo(a) capture antibodies and sheep
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polyclonal anti-apoB detection antibodies [COALIZA Lp(a), Chro- g 1 Ocontrols W patients
mogenix]. Standards and controls were purchased from Immuno. &
Intra-assay/interassay coefficients of variation are 4.5%/3.6% at 6 § 20
mg/dL and 7.0%/4.2% at 40 mg/dL. The lower detection limit of this s
assay was 0.001 mg/dL. g 10
S . . (]
Determination of Apo(a) Size Polymorphism Te2238388_2,88822_888¢88
In a randomly selected subgroup of 51 patients and 46 control A oo T T T TTN
subjects with detectable Lp(a) levels on immunoassay, we deter- Lp(a) intervals (mg/dl)
mined the apo(a) size polymorphism as a phenotype by agarose gel 25 —
electrophoresis of plasma and subsequent anti-apo(a) immunoblot-
ting, principally as described by Marcovina et2alAfter electro- $ 201 Ocontrols M patients
phoresis and electrotransfer onto nitrocellulose membranes, apo(a) E
isoforms were immunodetected by successive incubation of the §
nitrocellulose membranes with a polyclonal rabbit anti-apo(a) anti- €
serum (Behringwerke), biotinylated donkey antibodies against rabbit g
IgG (Amersham), streptavidin-conjugated horseradish peroxidase
(Amersham), and a chemiluminescence blotting substrate (Boehring- + © ® © o v o o o o =
er Mannheim). All incubations were performed as recommendedby B -~ =~ . S "% = % %= 0® 00

the supplier of the chemiluminescence blotting substrate (Boehringer

apo(a) isoforms (number of kringle IV repeats)

Mannheim). The chemiluminescent immunoreaction was visualized Frequency distribution of Lp(a) levels among 186 children with
by photoimaging with the BAS1500 (Fuji, Photo Film). The number venous thromboembolic diseases (ie, patients) and 186 control
of kringle 1V repeats of the apo(a) isoforms was estimated by their subjects (controls) (A) as well as frequency distribution of apo(a)
relative electrophoretic mobility in comparison with standard apo(a) isoforms among a randomly selected subgroup of 51 patients
isoforms, which were purchased from Immuno, and by means of the (31”?041678)0223'2 (43)(-0'\t"f?';g)sa(;fgggSgac;fehﬁ’éa;;%"i'gn‘;‘:g';: 19.0
TINA program (Raytest), which supports the BAS 1500 photoim- . : : ) ’
ager. In most cases, only 1 of 2 possible isoforms was immunode- respectively (.P<0'001)' Mean values and SDs for estimated

. . number of kringle IV repeats were 29+4 and 256, respectively
tectable, either because of true homozygosity or because of the(F,<0 01)
presence of undetectable null alleles, which are the most frequent o
ones in white populations.16In a few cases in which 2 isoforms
were immunodetectable, we considered only the smaller one for 170 mg/dL versus 4.4/0 to 125 mg/dL) but not by plasma
statistical evaluation. levels of cholesterol, triglycerides, HDL cholesterol, and

Assays of Hemostatic Factors LDL cholesterol. As known from many studies in white

The FV:@® mutation, amidolytic protein C activity, and antithrom- ~ POPUlations;=2 the frequency distribution of Lp(a) levels
bin activity (in both cases, chromogenic substrates from Chromoge- Was skewed to lower concentrations in both patients and
nix), free protein S antigen, total protein S antigen, protein C antigen control subjects (Figure, panel A). However, very high levels
(Asserachrom, Stago), and anticardiolipin IgM and 1gG antibodies of |p(a) were much more frequent in patients than in control
(ELISA, Chromogenix) were measured as described previd8sly. g piacts: After stratification for quartiles of Lp(a), the risk for

For all quantitative plasma-based assays, a prothrombotic defect . . . s
was diagnosed only when the plasma level of a protein was outside tiromboembolic events did not differ within the 3 lowest

the limits of its normal range in at least 2 independent samples. A quartiles, in which Lp(a) levels were30 mg/dL, but was
heterozygous type | deficiency state was diagnosed when functional increased by a factor of 7.7 in the highest quartile compared
plasma activity and immunological antigen concentration of a with the lowest quartile as reference group (Table 2). Lp(a)
protein were<50% of normal of the I_0\_/ver age-related Ii_mit. A evels >30 mg/dL, which is also the commonly accepted
Egrr:::)azt?/g:stflgt;:eofm%s;nq‘;f.lned by activity levels and antigen con- cardiovascglar risk, occurred _with a prevalence of 42.0%
among patients compared with a prevalence of only 10.3%
Statistical Analysis among control subjects (odds ratio 7.2, with a 95% CI of 3.7
An exploratory analysis was performed using the Statistical Package to 14.5) (Table 3).
for the Social Sciences (SPSS-X)Mean values and SDs were
compared by Student’s test. Because of their non-Gaussian fre- Subgroup Analysis of Lp(a)
quency distributions, data on Lp(a) and triglycerides are presented asResults of a subgroup analysis of Lp(a) in 74 patients without
medians and were evaluated statistically after logarithmic transfor- underlying diseases and 74 healthy matched control subjects
mation. Correlations between apo(a) size and Lp(a) levels were dgid not differ significantly from results obtained from the
calculated by the Spearman rank t@sualues<0.05 were consid- o iire gtdy population: Children with spontaneous thrombo-

ered significant. Multivariate logistic procedure (logistic regression:
maximum likelihood ratio) was applied to identify independent risk
factors for venous thrombosis. Variables tested for inclusion in the
model were Lp(a), FV:€¢ protein C, protein S, and antithrombin.
The level of significance for differences in prevalences was calcu-
lated by the Waldy® test.

Results

Lipids, Lipoproteins, and Lp(a)

Children (n=186) who had suffered venous thrombosis
differed significantly from 186 age- and disease-matched
control subjects by a higher median/range of Lp(a) (19/0 to

sis differed significantly from 74 age-and sex-matched
healthy control subjects by a higher median/range of Lp(a)
(17/0 to 145 mg/dL versus 4/0 to 80 mg/dR=0.001). The
odds ratio/95% CI of Lp(a)>30 mg/dL was 7.1/2.7 to 18.6.

Apo(a) Size Polymorphism

Lp(a) levels are determined largely by variation of the apo(a)
gene and are little influenced by environmental factéss.
Nevertheless, to rule out the possibility of high Lp(a) levels in
patients being secondary to the thromboembolic events or
treatment modalities, we determined the apo(a) size poly-
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TABLE 2. 0dds Ratio of Thromboembolic Diseases in Children According to Quartiles of Lp(a)
Levels and Quartiles of Estimated Numbers of Apo(a) Kringle IV Repeats

Quartile

1 2 3 4
Lp(a), mg/dL 0-2 3-7 7-30 >30
0dds ratios according to quartiles of 1 0.78 1.07 7.68*
Lp(a) (95% Cls) (Reference) (0.43-1.43) (0.60-1.88) (3.90-15.11)
No. of kringle IV repeats 14-22 23-28 29-31 32-35
0dds ratios according to quartiles of 8.21* 2.69 1.30 1
apo(a) isoforms (95% Cls) (2.22-30.38) (0.88-8.23) (0.42-4.05)

Quartiles of Lp(a) levels were defined in 186 children with thromboembolic events (patients) and 186 age- and
disease-matched control subjects; quartiles of kringle IV repeats were defined in a randomly selected subgroup of 51
patients and 46 control subjects. Odds ratios presented here indicate the risk multiplicator associated with Lp(a) levels
of the lowest quartile as reference group and the number of kringle IV repeats of the highest quartile, respectively.

*P<0.001 ()@ test).

morphism in the randomly selected subgroup of 51 patients tein C, and antithrombin deficiency were independent risk
and 46 control subjects with immunodetectable Lp(a) levels. factors of venous thrombosis in childhood, an intensification
As expected, the estimated number of kringle 1V repeats was of risks in the presence of1 factor was observed: In 1.6%
negatively correlated with Lp(a) levels in both patients of the control subjects but in 12.2% of the patients, Lp(a)
(r=-0.775; P<0.001) and control subjectsr=€—0.360; levels >30 mg/dL were coincident witkz1 of the above-
P=0.0169). Small isoforms were more frequently present in mentioned genetic hemostatic disorders (OR/CI, 8.4/2.5 to
the plasma of patients with thromboembolic events than in 28.5). Increased Lp(a) was most frequently combined with
that of control subjects (Figure, panel B). Compared with the the heterozygous FV:% mutation, which was found in 1.6%
highest quartile as reference group of the number of kringle of control subjects compared with 9.6% of patients.

IV repeats, the lowest quartile was associated with an 8.2-fold

increased risk for thromboembolic events (Table 2). Discussion
In the multicenter study presented here, elevated Lp(a) serum
Established Prothrombotic Risk Factors concentrations, clearly correlated with the presence of small

Lp(a) >30 mg/dL, the FV:&*mutation, protein C, protein S,  apo(a) isoforms, were identified as risk factors for the
and antithrombin were analyzed by a multivariate logistic occurrence of venous thromboembolic events in childhood.
procedure to determine their independent contributions to the Lp(a) levels located in the upper quartile of this white
risk of venous thrombosis. In addition to Lp(a), the F¥Q population exceeded 30 mg/dL and increased the risk of a
mutation, protein C, and antithrombin were found to be thromboembolic event in childhood by factor of 7.2. This
independent risk factors of childhood venous vascular occlu- 0dds ratio is higher than that found in children heterozygous
sion (Table 3). In contrast, protein S deficiency was not for the FV:@3% mutation, which in the white population has
different between patients and control subjects. None of the been considered the most important single risk factor for
patients or control subjects had elevated titers of IgM or IgG thrombotic events and which was shown to have a prevalence

anticardiolipin antibodies. similar to that of elevated Lp(&).
In vitro, Lp(a) inhibits the activation of plasminogen by
Increased Lp(a) in Combination With Established streptokinase and tissue plasminogen activator (tPA) and
Prothrombotic Risk Factors competes with plasminogen for binding to fibrin as well as
Based on results obtained from multivariate analysis that for binding to annexin Il, the plasminogen/tPA receptor on
Lp(a) >30 mg/dL, the heterozygous F\A®mutation, pro- endothelial cells and platelets17-19.31-34Because of these
properties and the great structural homology between Lp(a)
TABLE 3. Prevalence of Risk Factors in 186 Children With and plasminogen, it has been hypothesized that Lp(a) inhibits
Thromboembolic Events (Patients) and 186 Age- and fibrinolysis. In fact, apo(a) transgenic animals were resistant
Disease-Matched Control Subjects (Logistic Regression Model) to tPA-dependent lysis of artificially induced fibrin thronii.
Prevalence, These antifibrinolytic properties of Lp(a) have been made
Control Subjects,  Prevalence, 0dds Ratio responsible in part for the association of elevated Lp(a) and
% Patients, % (95% Cl) risk for atherosclerotic vessel disea8e%:17-19Surprisingly,
Lp(a) >30 mg/dL 103 42.0 7.2(3.7-14.5) much less attention has been paid to the role of elevated Lp(a)
Presence of FV:Q%% 109 246 28 (1.6-4.9) as a risk factor _for venous thromboembolic dlse_asgs. Some
Protein C deficiency 99 85 6.5 (21-19) small-scale studies and single case reports have_ indicated that
. - elevated Lp(a) levels may further increase the risk of throm-
Protein S deficiency 1.1 1.6 2.2(0.3-14.7)
(

_ _ botic events in patients suffering from an acquired prothrom-
Antitirombin 0.5 37 10.4(1.2-90) botic state due to rheumatic diseases, polycythemia vera, or
deficiency nephrotic syndrom&-25Studies in unselected adult patients
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with venous thrombosis or embolism as well as in women 2.
practicing hormonal contraception revealed no association
between Lp(a) and thromboembolic diseases.

With an annual incidence of 0.07/10 000, thromboembolic 3.
disease in childhood is rare and probably develops through
concomitant hemodynamic disturbances in the cardiovascular
system and hereditary disturbances of the hemostatic sys- 4.
tem37:38|n this regard, children with thromboembolic events
represent a high-risk population similar to patients with
rheumatic diseases, nephrotic syndrome, or polycythemia g
vera. Interestingly, elevated Lp(a) has previously evolved as
a prothrombotic risk factor in these selected high-risk co-
hortg°-25but not in unselected cohorts with sporadic throm-
boembolic event3: We therefore hypothesize that Lp(a) acts
as an additional important risk factor for the precipitation of 7.
venous thromboembolic events in the white population stud-
ied here. Furthermore, on the basis of results obtained from
multivariate analysis that Lp(a)30 mg/dL, the heterozygous
FV:Q® mutation, protein C, and antithrombin deficiency
were independent risk factors of venous thrombosis in child-
hood, an intensification of risks in the presence>df factor
was observed. Although the findings presented here in a
white childhood thrombosis population are not generalizable 10
to other racial and ethnic groups, in particular Americans of
African origin, measurement of Lp(a) should be included in 11
screening programs performed in young patients suffering
from venous thromboembolism, in addition to F\*® pro-
tein C, protein S, and antithrombin. Currently, no specific
Lp(a)-lowering therapy is available. However, elevated Lp(a)
levels may be an indication for the initiation of anticoagulant
therapy, just as other prothrombotic factors currently serve as
an indication for this treatment. Further studies are necessary

6.

9.

13.

to determine whether anticoagulant treatment reduces the risk14.

of future events in these high-risk patients.

15.

Appendix
Coinvestigators were as follows (alphabetical order within different
institutions): A. Heinecke (Institute of Medical Statistics, University
Hospital Minster, Germany); H. Pollmann, H. Vielhaber (University
Children’s Hospital Master, Germany); K. Auberger (University Chil-

dren’s Hospital Munich, Germany); A. Claviez, R. Schneppenheim 18.

(University Children’s Hospital Kiel, Germany); U. ®el, C. Mauz-
Koérholz (University Children’s Hospital Dsseldorf, Germany);

C. Wermes (University Children’s Hospital Hannover, Germany); and
B. Zieger (Scripps Research Institute, La Jolla, Calif).
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