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Background and Objective. Lipoprotein(a) is an LDL-
like particle displaying strong athero-thrombotic prop-
erties. Although Lp(a) plays a pivotal role in the gen-
esis and progression of thrombosis in the arterial dis-
trict, its role in promoting thrombosis in the venous
district is still unclear.

Design and Methods. To give further insight into the
thrombotic potential of Lp(a), 100 potentially eligible
consecutive outpatients who had suffered from pre-
vious episodes of venous thrombosis (deep vein
thrombosis with or without pulmonary embolism)
were enrolled into the study. Thirty-six of these
patients who did not fulfil the entry criteria were then
excluded from the study. The concentration of Lp(a)
was thus measured in 64 patients, and compared to
that of 64 control subjects, matched for sex
(p=0.46), age (p=0.25) and pharmacological treat-
ment; no subject belonging to the control group had
a familial or personal history of venous thromboem-
bolism. Exclusion criteria for both groups included:
diabetes mellitus, liver or kidney diseases and malig-
nancy, as established by both laboratory analysis and
physical examination. To rule out false elevations of
Lp(a) due to the presence of a concurrent acute
phase response, C reactive protein (CRP) was mea-
sured in both groups using a commercial immuno-
nephelometric assay.

Results. No statistically significant differences were
observed in the median Lp(a) concentration between
patients and controls (median: 69 vs 83 mg/L,
respectively; p=0.34). Neither were any significant
differences found between patients who had suffered
from deep venous thrombosis with (n=18) or without
(n=46) pulmonary embolism (median: 73 vs 69
mg/L, respectively; p=0.83). The concentration of
CRP did not differ significantly between cases and
controls (median: 1.8 vs 2.3 g/L, respectively;
p=0.37).

Interpretation and Conclusions. Although there are
several plausible biological mechanisms to explain
the strong thrombogenicity of Lp(a) in vitro, we failed

to demonstrate a convincing association between
Lp(a) and thrombosis in the venous district. Besides
the proven prothrombotic role of Lp(a) in some select-
ed clinical settings, it is thus conceivable that the
contribution of Lp(a) to genesis and progression of
the venous thrombosis might be marginal or effi-
ciently counterbalanced in vivo. The clinical useful-
ness of including the measurement of Lp(a) among
the screening tests for thrombophilic patients, there-
fore, remains questionable.
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Venous thromboembolism (VTE) is a major
cause of morbidity and mortality in Western
Countries. The main clinical manifestations are

represented by deep venous thrombosis (DVT) and
pulmonary embolism (PE).1 Venous thrombosis is a
multifactorial disease and usually occurs as a result
of an imbalance between prothrombotic and anti-
thrombotic potentials, a defective function of the
fibrinolytic system or both.2,3 Several biochemical
and environmental risk factors have been associated
with the occurrence of thromboembolic episodes
over the past decades; among these, some bio-
chemical alterations leading to a prothrombotic sta-
tus, such as immunologic or functional deficiencies
of the physiological anticoagulant systems, factor II
and VIII excesses, hyperhomocysteinemia, anti-
phospholipid antibodies and others have been well
established as risk factors for VTE.2-6 Conversely, the
contribution of acquired or inherited conditions
leading to impaired fibrinolysis is still debated. Plas-
minogen abnormalities, reduced levels of tissue-type
plasminogen activator (t-PA) and increased levels of
the inhibitor of plasminogen activator-1 (PAI-1) have
occasionally been associated with VTE, but so far
these conditions have not satisfactorily fulfilled the
criteria required to establish a definitive casual rela-
tionship.4,7



Among the leading causes of impaired fibrinolysis,
lipoprotein(a) [Lp(a)] plays a pivotal role.8 Lp(a) is
a genetic variant of a low density lipoprotein (LDL)
composed by the association of a unique and highly
glycosylated apolipoprotein(a) [apo(a)] with apo-
lipoprotein B100 through a single disulphide bond.9

Due to the structural mimicry with plasminogen,
apo(a) inhibits plasminogen binding and activation
at the surface of stabilized fibrin, endothelial cells
and platelets in a dose-dependent fashion.8 Addi-
tional studies demonstrated that Lp(a) increases the
endothelial synthesis and secretion of PAI-1 in vitro
by more than 2-fold, inhibits the secretion of t-PA
from human endothelial cells and binds reversibly to
t-PA inhibiting the tPA-mediated activation of Glu-
plasminogen.8 Although the contribution of Lp(a) to
genesis, progression and complications of athero-
sclerotic lesions is fairly certain, no definitive data are
available on the role of Lp(a) in the genesis of throm-
bosis in the venous district. In this perspective, the
present study was designed to verify whether raised
concentrations of Lp(a), the most frequent lipopro-
tein abnormality observed in patients with prema-
ture myocardial infarction, might also be a signifi-
cant risk factor in patients with VTE.

Design and Methods

Population study
The study originally consisted of 100 potentially

eligible consecutive patients. Thirty-six patients did
not fulfil the entry criteria and so were excluded from
the study. The final study group therfore consisted of
64 patients (27 women and 37 men, mean age
59±15 years) with prior episodes of venous throm-
boembolism who were not taking any medication
known to influence the metabolism of Lp(a). Deep
vein thrombosis was diagnosed by ascending venog-
raphy or Doppler ultrasonography; pulmonary
embolism was always confirmed by pulmonary
angiography. The control group consisted of 64 sub-
jects matched for sex (p=0.46), age (p=0.25) and
pharmacological treatment; none had a familial or
personal history of VTE. Exclusion criteria for both
groups included: diabetes mellitus, liver or kidney dis-
eases and malignancy as established by both labora-
tory analysis and physical examination. Besides
malignancy, the presence of either congenital or
acquired thrombophilic states was not evaluated. All
patients gave informed consent to participation in
the study.

Laboratory measurements
Blood was collected from patients on admission

after an overnight fasting between September 1st and
December 5th, 1998. After centrifugation, serum was
stored at –80°C until measurement. Lp(a) was mea-
sured employing an N Lp(a) latex-enhanced immuno-
nephelometric assay (Dade Behring, Marburg, Ger-
many), on a Behring Nephelometric Analyser (BNA)

(Behring). Final results of the assay were reported in
terms of total lipoprotein mass. Intra- and inter-
assays CVs were respectively <4%. C reactive protein
was measured by an immunonephelometric assay
(Dade Behring) on a BNA.

Statistics
The statistical analysis was performed using Astute

(DDU Software, The University of Leeds, UK). As
Lp(a) values do not follow Gaussian distribution,
results were expressed in terms of medians and
ranges. The Wilcoxon Mann-Whitney U test, a non-
parametric alternative to the Student’s t-test, was
employed for the comparison of Lp(a) values
between groups. Probability values of <0.05 were
considered statistically significant. The concentration
of CRP between groups was compared by Student’s
t-test.

Results
No statistically significant differences were

observed in the median of Lp(a) concentrations
between patients with previous episodes of VTE
(median: 69 mg/L, range: 2-769 mg/L) and matched
controls (median: 83 mg/L, range: 2-936 mg/L;
p=0.34), nor was there any evidence of a relevant
trend towards higher levels of Lp(a) among groups
(Figure 1). Nor were any significant difference found
between patients who had suffered from deep venous
thrombosis with (n=18) or without (n=46) pul-
monary embolism (73 mg/L vs 69 mg/L, respective-
ly; p=0.83). Possible interference from the acute
phase response could be excluded as the concentra-
tion of CRP did not differ significantly between cas-
es and controls (1.8 vs 2.3 g/L, respectively; p=0.37).

Discussion
Lp(a) is an atherogenic lipoprotein particle which

displays adjunctive thrombotic properties.9 It is now
well established that Lp(a) exerts its thrombotic
potential through inhibition of the fibrinolytic path-
way; no prothrombotic activity has been yet ascribed
to Lp(a).10 Several clinical observations confirmed in
vivo the antifibrinolytic potential of Lp(a) in vitro.
Raised Lp(a) concentrations were demonstrated in
patients with central retinal artery occlusion11 and
interference in placental circulation causing fetal
growth retardation.12 Lp(a) levels are strong predic-
tors of occlusive events following both vascular and
endovascular surgical procedures13 and, finally, the
confluence of the atherogenic and thrombotic poten-
tial of Lp(a) plays a pivotal role in the occurrence of
thrombotic complications resulting from rupture or
ulceration of atherosclerotic plaques.8 Although there
is considerable consolidated evidence that confirms
the central role of Lp(a) in the genesis of arterial
thrombosis, its role in promoting thrombosis in the
venous district is still unclear and results of previous
investigations are rather contradictory. Increased lev-
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els of Lp(a) were observed in patients with pulmonary
embolism,14 chronic thromboembolic pulmonary
hypertension,15 and were associated with a pattern of
changes in the levels of D-dimer, plasminogen and
PAI-1 suggestive of a relative impairment of the fibri-
nolytic process.16 Moreover, Lp(a) levels were good
predictors of thromboembolic complications in
patients with rheumatologic and malignant disor-
ders.17-19 Conversely, Murata et al. did not find sta-
tistical differences in Lp(a) levels between patients
with central retinal vein occlusion and controls20 and,
in a subsequent investigation, no relevant associa-
tion was observed between apo(a) concentrations
and the risk of venous thrombosis in young sub-
jects.21 Finally, a recent study did not show convinc-
ing evidence of an association between raised con-
centrations of Lp(a) and childhood thromboem-
bolism.22 These latter observations are consistent
with results of our investigation. As shown in Figure
1, we observed no statistically significant differences
in the distribution of Lp(a) concentration between
controls and patients with earlier episodes of VTE.
Additionally, no major differences were found
between DVT patients with or without PE. Thus,
although Lp(a) can be considered a consolidated risk
factor for arterial thrombosis, we suggest that its role
in the genesis of venous thrombosis might be mar-
ginal or efficiently counterbalanced in vivo. This obser-
vation is not really surprising as the pathogenesis of
venous and arterial thromboses is different and some
proven risk factors might be more relevant for venous
than for arterial thrombosis and vice versa.3, 23

The apparent dissociation between the antifibri-

nolytic potential of Lp(a) in the genesis of venous
and arterial thromboses has some possible explana-
tions. Differently than for arterial thrombosis, earli-
er studies failed to show convincing evidence that a
link exists between impaired fibrinolysis and
increased risk of VTE. Hence, although impaired fib-
rinolysis contributes to the complications of arterial
occlusive diseases,8, 24 venous thrombosis remains a
disorder mainly associated with an imbalance
between prothrombotic and antithrombotic poten-
tial.6,7 Indeed, the composition of mural thrombi in
complicated atherosclerotic lesions is different from
that of thrombi in the venous system, confirming
that, although the hypercoagulable or thrombophilic
state might be considered as a single clinical entity,
the relative contribution of some underlying patho-
genic mechanisms might vary between the venous
and arterial districts.2 Finally, given the extensive evi-
dence of preferential accumulation and marked con-
centration of Lp(a) in atherosclerotic lesions as com-
pared to in uninjured vessel wall,25 the inhibitory
effect of apo(a) on fibrinolysis might be greatly
enhanced in the arterial district.

In conclusion, our results do not support a hypoth-
esis of a causal relationship between Lp(a) and VTE;
the clinical usefulness of including the measurement
of Lp(a) among the screening tests for thrombophilic
patients, therefore, remains uncertain and further in-
depth investigations exploring the association
between raised concentration of Lp(a) and venous
thrombosis are needed.
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Figure 1. Lp(a) concentration (medians, 10th-90th and 5th-
95th percentile distributions) of all patients with venous
thromboembolism (VTE), patients with deep vein thrombo-
sis with (DVT+PE) or without (DVT-PE) pulmonary embolism
and matched controls.

Controls VTE DVT-PE DVT+PE



Lipoprotein(a) and venous thromboembolism 729

Haematologica vol. 84(8):August 1999

Manuscript processing
Manuscript received January 21, 1999; accepted April 7,

1999.

References

1. Ascari E, Siragusa S, Piovella F. The epidemiology of
deep vein thrombosis and pulmonary embolism.
Haematologica 1995; 80(Suppl. 2):36-41.

2. Girolami A, Prandoni P, Simioni P, Girolami B, Scara-
no L, Zanon E. The pathogenesis of venous throm-
boembolism. Haematologica 1995; 80(2 Suppl):25-
35.

3. Girolami A, Simioni P, Scarano L, Girolami B. Venous
and arterial thrombophilia. Haematologica 1997;
82:96-100.

4. Lane D, Mannucci PM, Bauer KA, et al. Inherited
thrombophilia: Part 1. Thromb Haemost 1996; 76:
651-62.

5. Martinelli I, Mannucci PM, De Stefano V, et al. Dif-
ferent risks of thrombosis in four coagulation defects
associated with inherited thrombophilia: a study of
150 families. Blood 1998; 92:2353-8.

6. Laffan M, Tuddenham E. Assessing thrombotic risk. Br
Med J 1998; 317:520-3.

7. De Moerloose P, Bounameux HR, Mannucci PM.
Screening test for thrombophilic patients: which test,
for which patient, by whom, when and why? Semin
Thromb Haemost 1998; 24:321-7.

8. Harpel PC, Hermann A, Zhang X, Ostfeld I, Borth W.
Lipoprotein(a), plasmin modulation, and atherogen-
esis. Thromb Haemost 1995; 74:382-6.

9. Marcovina SM, Levine DM, Lippi G. Lipoprotein(a):
structure, measurement, and clinical significance. In:
Rifai N, Warnick R, eds. Laboratory measurement of
lipids, lipoproteins, and apolipoproteins. Washing-
ton, DC: AACC Press, 1994:253-64.

10. Nachman RL. Thrombosis and atherogenesis: molec-
ular connections. Blood 1992; 79:1897-906.

11. Tavola A, Viganò D'Angelo S, Bandello F, et al. Cen-
tral retinal vein and branch artery occlusion associat-
ed with inherited plasminogen deficiency and high
lipoprotein(a) levels: a case report. Thromb Res 1995;
80:327-31.

12. Berg K, Roald B, Sande H. High Lp(a) lipoprotein lev-
el in maternal serum may interfere with placental cir-
culation and cause fetal growth retardation. Clin
Genet 1994; 46:52-6.

13. Lippi G, Veraldi GF, Dorucci V, et al. The usefulness of
lipids, lipoprotein(a) and fibrinogen measurements in
identifying subjects at risk of occlusive complications
following vascular and endovascular surgery. Scand J
Clin Lab Invest 1998; 58:1-8.

14. Császár A, Karadi I, Juhasz E, Romics L. High lipopro-
tein(a) levels with predominance of high molecular
weight apo(a) isoforms in patients with pulmonary
embolism. Eur J Clin Invest 1995; 25: 368-70.

15. Ignatescu M, Kostner K, Zorn G, et al. Plasma Lp(a)
levels are increased in patients with chronic throm-
boembolic pulmonary hypertension. Thromb
Haemost 1998; 80:231-2.

16. Atsumi T, Khamashta MA, Andujar C, et al. Elevated
plasma lipoprotein(a) level and its association with
impaired fibrinolysis in patients with antiphospholipid
syndrome. J Rheumatol 1998; 25:69-73.

17. Orem A, Deger O, Memis O, Bahadir S, Ovali E, Cim-
sit G. Lp(a) lipoprotein levels as a predictor of risk for
thrombogenic events in patients with Behçet’s disease.
Ann Rheum Dis 1995; 54:726-9.

18. Seriolo B, Accardo S, Cutolo M. Lipoprotein(a) and
other risk factors for thrombosis in rheumatoid arthri-
tis. J Rheumatol 1996; 23:194-6.

19. LeBlanc K, Samuelsson J. Elevated plasma lipopro-
tein(a). A potential risk factor for thromboembolic
complications in polycythaemia vera. Eur J Haematol
1996; 57:257-8.

20. Murata M, Saito T, Takahashi S, Ichinose A. Plasma
lipoprotein(a) levels are high in patients with central
retinal artery occlusion. Thromb Res 1998; 91:169-
75.

21. Marz W, Trommlitz M, Scharrer I, Gross W. Apo-
lipoprotein (a) concentrations are not related to the
risk of venous thrombosis. Blood Coagul Fibrinolysis
1991; 2:595-9.

22. Nowak-Göttl U, Debus O, Findeisen M, et al. Lipopro-
tein (a): its role in childhood thromboembolism. Pedi-
atrics 1997; 99:E11.

23. Rosendaal FR. Thrombosis in the young: epidemiolo-
gy and risk factors. A focus on venous thrombosis.
Thromb Haemost 1997; 78:1-6.

24. Carmeliet P, Collen D. Molecular genetics of the fib-
rinolytic and coagulation systems in haemostasis,
thrombogenesis, restenosis and atherosclerosis. Curr
Opin Lipidol 1997; 8:118-25.

25. Hoff EF, O’Neil J, Yashiro A. Partial characterization of
lipoproteins containing apo(a) in human atheroscle-
rotic lesions. J Lipid Res 1993; 34:789-98.




