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ABSTRACT

ACKGROUND: Lipoprotein (a) [Lp(a)], a low-density lipoprotein particle linked to apolipoprotein (a),
as been recently demonstrated to be an independent risk factor for arterial vascular diseases. However,
espite increasing evidence of the association between high Lp(a) and arterial thrombotic diseases, few and
onflicting results on the association between high Lp(a) levels and venous thromboembolism have been
btained. The aim of this article is to systematically examine the published data on the association between
igh Lp(a) levels and venous thromboembolism.
ETHODS: A systematic search of all publications listed in the electronic databases (Medline, EMBASE,
eb of Science, and The Cochrane Library) up to November 2006, using keywords in combination both as
eSH terms and text words, was conducted.

ESULTS: Six case-control studies were included, incorporating 1826 cases of venous thromboembo-
ism and 1074 controls. The summary odds ratios of included case-control studies under a fixed-effects
odel showed a statistically significant association between Lp(a) levels �300 mg/L and venous throm-

oembolism: 1.87, 95% confidence interval (CI), 1.51-2.30; P �.0001. Furthermore, a random-effects
odel, which accounts for the interstudy variation, yielded a similar estimate of increased risk (odds ratio

OR] 1.77; 95% CI, 1.14-2.75; P � .01).
ONCLUSIONS: The present meta-analysis shows a significant association between high Lp(a) levels
nd the occurrence of venous thromboembolism in adults. Indeed, the detection of Lp(a) could be of
linical relevance for venous thromboembolism, especially among patients with absence of traditional and
hrombophilic risk factors. © 2007 Elsevier Inc. All rights reserved.
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ipoprotein (a) [Lp(a)], is a low-density lipoprotein par-
icle linked to apolipoprotein (a).1 Over the last decades,
umerous studies documented that high plasma Lp(a)
oncentrations are associated with a variety of vascular
isorders, including peripheral vascular disease, cerebro-
ascular disease, and coronary heart disease.2-6 However,
espite the increasing amount of evidence that reports the
ole of Lp(a) in the occurrence of arterial thrombosis,
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niversity of Florence, Viale Morgagni 85, Florence 50134, Italy.
p: francescosofi@gmail.com

ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2007.01.029
ittle is known about the role of Lp(a) on the occurrence
f venous thromboembolism.7 Some studies investigated
he possible association between high Lp(a) plasma lev-
ls and venous thromboembolism, but contrasting find-
ngs have been obtained.8-12 Venous thromboembolism,
onsisting of deep vein thrombosis and pulmonary embo-
ism, is a potentially fatal disorder and an important cause of
orbidity and mortality in industrialized countries.13 Most

ases of venous thromboembolism arise due to prolonged
mmobilization, major surgery, trauma, or cancer, but
hrombophilic alterations, including elevated Lp(a) levels,
ave been reported to have a significant influence on the

athogenesis of the disease. We aimed to conduct a system-
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tic review with meta-analysis of the available studies in
rder to evaluate the association between elevated Lp(a)
lasma levels and venous thromboembolism.

ETHODS

earch Strategy
e conducted a computerized

earch of all publications listed in
he electronic databases: MEDLINE
source PubMed, 1966 to November
006), EMBASE (1980 to November
006), Web of Science, and The Co-
hrane Library (source: The Co-
hrane Central Register of Controlled
rials, 2006, issue 4) using the fol-

owing text and key words in combi-
ation both as MeSH terms and text
ords: “Lipoprotein (a),” with “ve-
ous thrombosis,” “deep-vein throm-
osis,” “venous thromboembolism,” “pulmonary embo-
ism.” The search strategy had no language restrictions and
as supplemented by manually reviewing the reference list
f all retrieved articles.

Two investigators (FS, RM) assessed potentially relevant
rticles for eligibility. The decision to include or exclude
tudies was hierarchical and initially made on the basis of
he study title, then of the study abstract, and finally of the
omplete study manuscript. In the event of conflicting opin-
ons, resolution of the disagreement was resolved through
iscussion. Studies were included in the meta-analysis if
hey had an analytical design (case-control or cohort pro-
pective) and if the patients in the group were aged 18 years
r older.

ata Extraction
wo investigators (FS, RM) independently extracted data
sing a standardized form. The following baseline charac-
eristics for cases and control groups were collected: num-
er of subjects studied, sex, primary outcome of the study,
umber of patients, and subjects with Lp(a) levels above the
onsidered cut-off value (�300 mg/L). If the required data
ould not be located in the published report, we contacted
he corresponding author by mail, with a reminder e-mail
ent a month later (see Acknowledgements).

tatistical Analysis
e used Review Manager (RevMan; version 4.2 for Win-

ows; Oxford, UK; The Cochrane Collaboration, 2003) to
ool results from the individual studies. Pooled results are
eported as odds ratio (OR) and are presented with 95%
onfidence interval (CI) with 2-sided P values using a fixed-
ffects model (Mantel-Haenszel method), and compared
hese findings with results obtained using a random-effects
odel (DerSimonian and Laird method). A P value �.05

CLINICAL SIGNIF

● This meta-analy
association betw
poprotein (a) an
venous thromboe

● Physicians shou
surement of lip
patients.
as considered statistically significant. We considered lev-
ls of Lp(a) determining an increased risk for thrombotic
vent as plasma levels �300 mg/L, according to the liter-
ture.14 Statistical heterogeneity was evaluated using the I2

tatistic, which assesses the appropriateness of pooling the
ndividual study results. The I2 value provides an estimate

of the amount of variance across
studies due to the heterogeneity
rather than chance. Where I2 was
�50%, heterogeneity was consid-
ered substantial. Funnel plots of
effect size against standard error
were explored, whenever possible,
to assess for the presence of pub-
lication bias.

RESULTS

Study Identification and
Selection
The process of our study selection

s presented in Figure 1. Our search strategy yielded 24
eports8-12,15-33; of them, 12 were excluded on the basis of
itle/abstract because they studied venous thrombosis in
hildren.15-26 Of the remaining 12 articles, one was ex-
luded because it did not report Lp(a) levels but only apo-
ipoprotein (a) concentrations,27 and another study was
liminated because it was, as a matter of fact, a family study
hat studied the co-segregation of thrombophilic disorders in
actor V Leiden carriers.31 Among the 10 case-control studies
elected to be included in the meta-analysis, however, 3 po-
entially eligible studies9,32,33 were finally excluded because
he authors were not able, upon specific request, to collect the
xact number of subjects with Lp(a) levels above the con-
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Figure 1 Process of study selection from literature search.
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idered cut-off value for an increased risk of thrombotic
iseases.

haracteristics of the Studies
ence, 7 studies were finally included in the meta-analy-

is,8-12,28-30 for a total number of 1826 cases of venous
hromboembolism and 1074 controls. One study was in
erman.8 The study by Ignatescu et al29 reported no con-

rols with Lp(a) levels �300 mg/L, so it was excluded from
he analysis. Characteristics of the studies included in the
eta-analysis are summarized in the Table. Half of the

tudies reported a significant positive association between
p(a) levels �300 mg/L and the occurrence of venous

hromboembolism. Interestingly, all the studies have been
onducted within European countries.

Table Characteristics of the Studies Included in the Meta-Ana

Source Study Location
Publication
Year

N
Ca

Marz et al8 Frankfurt, Germany 1990 20
Van Wersch28 Heerlen, The Netherlands 1994 3
Ignatescu et al29 Wien, Austria 1998 4
Atsumi et al30 London, England 1998 3
von Depka et al10 Hannover, Germany 2000 68
Marcucci et al11 Florence, Italy 2003 60
Vormittag et al12 Wien, Austria 2006 23

VTE � venous thromboembolism; DVT � deep vein thrombosis; CTEP
antibodies syndrome.

igure 2 Risk of venous thromboembolism and Lp(a) levels �3

s. total number of subjects.
eta-analysis
he summary OR under a fixed-effects model showed that
atients with Lp(a) levels above 300 mg/L had an increased
isk of developing venous thromboembolism (OR 1.87;
5% CI, 1.51-2.30; P �.0001). Although there was signif-
cant statistical heterogeneity across the studies (P � .009;
2 � 67.4%), the random effects model yielded a similar
stimate of increased risk (OR 1.77; 95% CI, 1.14-2.75;
� .01) (Figure 2). Statistical heterogeneity was no longer

vident (P � .06; I2 � 49.3%) when the studies by van Wer-
ch28 and by Marz et al,8 which accounted for the hetero-
eneity of the model, were excluded from the analysis (OR
.17; 95% CI, 1.42-3.33; P � .0004). Currently, these 2
tudies did not fully report clinical criteria for enrollment of
he study patients and one of them included patients with

ntrols Sex
Index
Event

Lp(a) �300
mg/L in Cases

Lp(a) �300
mg/L in Controls

M/F VTE 56/203 30/115
M/F DVT 1/31 7/69
M/F CTEPH 24/40 0/50
M/F DVT in APS 13/31 3/22
M/F VTE 135/685 19/266
M/F VTE 146/603 58/430
M/F VTE 72/233 31/122

onic thromboembolic pulmonary hypertension; APS � antiphospholipid

L. Data are reported as number of subjects with Lp(a) �300 mg/L
lysis

o.
ses/Co

3/115
1/69
0/50
1/22
5/266
3/430
3/122

H � chr
00 mg/
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arious diseases.28 The funnel plot of effect size versus
tandard error performed in order to investigate for a pos-
ible publication bias reported to be broadly symmetric,
xcept for the study by Marz et al.27 This likely suggests no
resence of publication bias among the studies included in
he final analysis (Figure 3).

Finally, we performed a sensitivity analysis by taking
nto consideration only studies that conducted a multivariate
nalysis, with adjustment for possible confounders, for the
ssociation between Lp(a) �300 mg/dL and venous throm-
oembolism. The summary OR from the 2 studies,10,11

hich reported data from a multivariate analysis, confirmed
he significant association found between high levels of
p(a) and an increased risk of venous thromboembolism

OR 2.32; 95% CI, 1.67-3.24; P �.0001).

ISCUSSION
he present meta-analysis performed in 6 case-control stud-

es, with information from an overall incorporated popula-
ion of nearly 1800 venous thromboembolic patients and
100 healthy controls shows a significant association be-
ween high Lp(a) levels and the occurrence of venous
hromboembolism in adults. Indeed, levels of Lp(a) above
he internationally accepted cut-off of 300 mg/L determine
early a 2-fold increased risk of venous thromboembolism.
o the best of our knowledge, this is the first systematic

eview with meta-analysis on studies investigating the as-
ociation between Lp(a) and venous thrombotic disease.

Since its discovery in 1963, Lp(a) has attracted great
nterest among researchers owing to its particular biochem-
cal structure. Actually, Lp(a) is a specific class of lipopro-
ein particle composed by a single copy of apolipoprotein
-100 linked to an apo(a) component.1 For its similarity
ith low-density lipoprotein particles, Lp(a) has been

hought to have proatherogenic properties. Moreover, Lp(a)
lso has been demonstrated to have prothrombotic proper-
ies, mainly due to the high affinity between the sequence of

igure 3 Funnel plot of studies included in the meta-analysis.
umber above the dot corresponds to reference number for each

tudy.
po(a) of Lp(a) and that of the fibrinolytic proenzyme plas- F
inogen. Currently, the exact mechanism by which Lp(a)
ontributes to the process of atherosclerosis or thrombosis is
till unclear; however, it seems clear that the role of Lp(a)
n atherogenesis may reflect its involvement in both of these
rocesses, thereby providing a link between the fields of
therosclerosis and thrombosis.

To date, despite the presence of some studies reporting a
onsignificant association between Lp(a) and vascular dis-
ases,34,35 the majority of clinical studies provide evidence
or a role of high Lp(a) levels on the occurrence of athero-
clerotic cardiovascular diseases. Indeed, according to in-
ernational guidelines, Lp(a) is currently classified as an
emerging” risk factor for cardiovascular diseases.14,36

meta-analysis by Danesh et al,37 by evaluating 27 pro-
pective studies and 5436 cases of coronary heart disease
bserved for a mean follow-up of 10 years, demonstrated
hat individuals with high Lp(a) concentrations have an
ncreased risk of coronary heart disease. Moreover, numer-
us studies have identified elevated Lp(a) concentrations
mainly �300 mg/L) as a risk factor for a variety of throm-
otic vascular disease, including cerebrovascular and pe-
ipheral artery disease.3,5 More recently, a significant and
ndependent role for Lp(a) on the progression of atheroscle-
otic lesion also has been demonstrated.4

On the other hand, despite the increasing evidence on the
ssociation between Lp(a) levels and arterial thrombotic
iseases, few and contrasting data regarding the role of
p(a) levels on the occurrence of venous thromboembolism
ave been obtained. A positive association with high Lp(a)
evels in some10,11,29,30 but not all the studies has been
eported. The contrasting results of the available studies on
p(a) and venous thromboembolism can be explained by
everal issues. Half of the studies available in the literature
ave been conducted among children,15-26 and most of the
tudies involving adults have investigated less than a hun-
red cases.28-30 In addition, some studies are old and contain
carce and limited information regarding the diagnosis of
enous thromboembolism.8,28 Moreover, the study popula-
ions are not always comparable, including in some cases
nly women,9 patients with antiphospholipid antibodies
yndrome,30 or patients with other types of diseases.29 Ac-
ordingly, the differences existing among studies included
n the present meta-analysis are clearly reflected by the
ignificant heterogeneity reported in the final analysis.
owever, the heterogeneity test, after exclusion of the study
y Marz et al8 and by van Wersch et al28 that represent the
oldest studies containing fewer information on the meth-

dological aspects, lost its statistical significance. Thus, as a
nal result, the meta-analysis demonstrated a significant
ssociation between high levels of Lp(a) and an increased
isk of thrombotic disease affecting the venous district.

However, several potential limitations should be con-
idered, especially because pooling data for meta-analy-
is purposes from case-control studies implies a relevant
roblem due to the nonstandardized definition of cases.

or example, some of the studies included did not de-
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cribe accurately the methods of diagnosis for venous
hromboembolism.7,27 Thus, the possibility of false-pos-
tive cases cannot be excluded. Another limitation can lay
n the possible presence of publication bias: although
ormal testing did not show any publication bias, such a
ias cannot be completely ruled out considering the small
umber of included studies and the low power of any test
o detect publication bias. Furthermore, another bias
ould be the identification of a threshold level for deter-
ining the increased risk of venous thromboembolism.
e used as a cut-off value Lp(a) circulating levels above

00 mg/L. This cut-off has been recently debated by a
arge prospective study.6 However, all the guidelines
rom the main scientific associations recommend to use
his cut-off value for evaluating an increased risk of
hrombotic diseases.14,34

More detailed combined analysis, perhaps with the use
f individual participant data from each study, could help
o characterize the real nature of the dose-response rela-
ionship, reduce any bias related to the selection of par-
icular cut-off levels, and allow more complete adjust-
ent for other risk factors.
In conclusion, our data point out a special role of Lp(a)

n venous thromboembolism. This finding could be of rel-
vance especially in the light of the relatively high number
f patients with venous thromboembolism and no thrombo-
hilic alterations (among those commonly searched). By
dding Lp(a) assay to the thrombophilic pattern, the number
f these ”otherwise unexplained” venous thromboembo-
isms would probably decrease.
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