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Abstract: Stroke remains a major cause of mortality and long term severe disability worldwide. Lipoprotein (a) [Lp(a)] is 

a predictor of many forms of vascular disease, and may serve as a tool in identifying subjects at risk. Despite accumulat-

ing evidence from cross sectional and prospective studies, its role in the development of stroke is still in doubt. Methodo-

logical issues regarding measurement remain to be resolved. Whether reductions in Lp(a) levels will result in a reduction 

of vascular events, including stroke, remains to be established. Aggressive management of established cardiovascular risk 

factors is advocated in subjects exhibiting elevated serum Lp(a) concentrations. 

Keywords: Lipoprotein (a), vascular disease, stroke, cardiovascular risk. 

INTRODUCTION 
 Stroke constitutes a leading cause of mortality and long 
term physical and mental disability [1]. Annually, 15 million 
people worldwide suffer a stroke. Of these, 5 million die and 
another 5 million are left permanently disabled, placing a 
burden on family and community [2]. There are well estab-
lished risk factors for stroke, such as increased blood pres-
sure, increased blood cholesterol, cigarette smoking, carotid 
stenosis, diabetes mellitus, atrial fibrillation and valvular 
heart disease. There is a reasonably reliable evidence to sug-
gest that 60-80% of all ischemic strokes can be attributed to 
these risk factors [3]. There is an accumulating evidence that 
emerging biological markers, including lipoprotein (a) 
[Lp(a)], add to the prognostic value of conventional risk fac-
tors and may well serve as useful prognostic tools in identi-
fying subjects at risk [4].  

 Lp(a) is a plasma lipoprotein which was identified in 
1963 [5] and exhibits high structural similarity with low den-
sity lipoprotein (LDL) cholesterol. Both lipoproteins are 
characterized by the same lipid composition and the presence 
apolipoprotein (apo) B-100. Their specific distinction con-
sists of glucoprotein apo(a), which is present only in Lp(a). 
Apo(a) is attached to apoB-100 by a disulphide bridge [6]. 
The cDNA sequence of apo(a) was determined in 1987 and 
found to share great similarity with plasminogen, containing 
multiple copies of plasminogen kringle 4, a single copy of 
plasminogen kringle 5 and an inactive protease domain [7]. 
There are 34 different-sized apo(a) isoforms [8]. The apo(a) 
gene is estimated to be the most responsible for the wide 
variance of plasma Lp(a) levels in general population [9].  

 There is an evidence that Lp(a) is a predictor of many 
forms of vascular disease, including premature coronary, 
peripheral and cerebral artery disease [10, 11]. We briefly  
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review the factors determining Lp(a) levels and the mecha-
nisms involved in Lp(a)-promoted atherogenicity with regard 
to the pathogenesis of stroke as well as the the potential for 
pharmacologic manipulation of Lp(a) levels. 

METHODS OF DATA RESEARCH 

 We scanned all possibly relevant articles in the electronic 
databases MEDLINE, EMBASE (with links to participating 
online journals) and other related databases. Our research 
covered all languages and the years between January 1960 
and August 2009. The keywords were stroke, cerebrovascu-
lar accident, cerebrovascular disease, lipoprotein (a), apol-
ipoprotein (a) and Lp(a). 

MODULATION OF LIPOPROTEIN (a) LEVELS  

 Lp(a) levels in plasma vary widely among individuals 
and they are under strong genetic determination [9]. There is 
also a difference of Lp(a) levels between certain ethnic 
groups. It has been found that African populations exhibit 
higher plasma Lp(a) levels as compared to Caucasian popu-
lations [12]. 

 Although, concentrations of Lp(a) in plasma are highly 
resistant to changes from environmental factors [13], they 
can be influenced by certain metabolic abnormalities and 
pharmacological agents. Lipid lowering drugs, such as stat-
ins and fibrates have almost no impact on Lp(a) levels [10]. 
Interestingly, another lipid lower agent, nicotinic acid in high 
doses, as well as LDL apheresis and hormone replacement 
therapy with estrogen, have been shown to lower Lp(a) lev-
els [14]. Lp(a) levels may be increased in the end stage renal 
disease [15], acute phase response [16], diabetes mellitus 
[17], cancer [18] and hypothyroidism [19], and in contrary 
they may be decreased in liver failure [20], hyperthyroidism 
[21], renal transplantation in patients with the end stage renal 
disease [15], in patients with severe infections [22-24] and 
after administration of L-carnitine [25], levothyroxine [26] 
or soy protein [27]. 
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ROLE OF LIPOPROTEIN (a) IN THE PATHOGENE-

SIS OF ATHEROTHROMBOSIS 

 The structural similarity of Lp(a) with LDL gives to this 
lipoprotein a possible proatherosclerotic role. Lp(a) partici-
pates in the atherosclerotic process. It is possible that there is 
a contribution of Lp(a) in the atherosclerotic plaque forma-
tion, supported by an evidence showing that there is an ac-
cumulation of Lp(a) in the atherosclerotic lesions [28]. Its 
plaque levels correlate with its concentration in the plasma 
[29]. Lp(a) accumulates in plaques more avidly than LDL 
[29], it can be oxidized and lead to foam cell formation 
within the vascular wall after its uptake by macrophages 
[30].  

 There is an evidence that Lp(a) might exert proinflamma-
tory actions. It stimulates the chemotaxis of macrophages 
and co-localizes with them within atherosclerotic plaques 
[31]. Lp(a) stimulates the secretion of interleukin 6 by 
monocytes [32] and the expression of adhesion molecules by 
endothelial cells [33]. It also inhibits the activation of the 
anti-inflammatory cytokine-transforming growth factor  
(TGF- ) [34]. Lp(a) appears to be a preferential carrier of 
proinflammatory oxidized E06 phospholipids [35] which 
have been shown to predict the presence and progression of 
carotid and femoral atherosclerosis [36]. Lp(a) also stimu-
lates the proliferation of vascular smooth muscle cells within 
atherosclerotic lesions [37]. 

 The striking homology between Lp(a) and plasminogen 

is indicative of the role of Lp(a) as a possible prothrombotic 

risk factor. It has been proposed that Lp(a) has the ability to 

inhibit fibrinolysis by competing for plasminogen binding in 

different systems [38]. Lp(a) might also propagate 

atherothrombosis by inhibiting platelet-mediated fibrinolysis 

and modulating platelet activation and aggregation [39]. It 

has also been found that Lp(a) may constitute an independ-

ent risk factor for venous thromboembolism [40]. There is a 

data that Lp(a) inhibits the production of tissue-type plasmi-

nogen activator (tPA) [41] and stimulate the synthesis of 

plasminogen activator inhibitor-1 (PAI-1) [42].  

LIPOPROTEIN (a) AND CORONARY ARTERY DIS-

EASE  

 Many studies have shown an evidence concerning the 

role of Lp(a) in the pathogenesis of coronary artery disease 

(CAD) [43-45]. The unique structure of Lp(a), as we men-

tioned, gives to this lipoprotein thrombogenic and athero-

genic properties that can explain the mechanism through 
which Lp(a) may increase the risk of CAD[46]. 

 Two large meta-analyses came to provide interesting data 

about this issue. A meta-analysis of 27 prospective studies, 

with information on 5436 CAD cases, leaded to the conclu-

sion that people in the general population with plasma Lp(a) 

levels at the top third of baseline measurement are at 70% 

increased risk of CAD as compared with those in the bottom 

third [47]. The investigators of this meta-analysis didn’t find 

strong correlation between Lp(a) levels and other well estab-

lished risk factors for CAD. Another meta-analysis of 14 

prospective studies showed that Lp(a) concentrations are 

higher in subjects who later develop CAD, than in those who 
do not, and this effect is similar in men and women [48]. 

 An analysis of the Lp(a) levels of 2,047 patients who had 
first ever nonfatal myocardial infarction or who died of CAD 
and 3,921 control participants from the Reykjavik Study 
resulted to the conclusion that there are independent, con-
tinuous associations between Lp(a) levels and risk of future 
CAD in a broad range of individuals [49]. 

 In a recent study involving 3 cohorts of white individuals 
of Danish descent followed up through 1991 to 2007 
(n=40486, 2824 myocardial infarction events), a causal asso-
ciation between elevated Lp(a) levels and increased risk of 
myocardial infarction was documented [50]. 

LIPOPROTEIN (a) AND PERIPHERAL VASCULAR 

DISEASE  

 Concerning the relationship between Lp(a) levels and 
peripheral vascular disease (PVD), many studies have pro-
vided interesting findings. There are strong evidence that 
Lp(a) is a significant independent risk factor for PVD and 
that elevated Lp(a) levels may be associated with more se-
vere forms of PVD [51-54]. 

 Few studies yet have studied the role of Lp(a) in the 
pathogenesis of abdominal aortic aneurysm. There are few 
evidences that there may be an association [55, 56]. How-
ever, more studies are needed in order to define this role. 

LIPOPROTEIN (a) AND ATHEROSCLEROTIC DIS-
EASE OF THE CAROTID ARTERIES  

 Regarding the role of Lp(a) in atherosclerosis of the ca-
rotid arteries, it has been shown that Lp(a) is not associated 
with early atherogenesis of the carotid arteries [57, 58]. In 
patients with heterozygous hypercholesterolemia, Lp(a) lev-
els did not correlate with the progression of carotid artery 
atherosclerosis, as assessed by measuring carotid intima-
media thickness (IMT) [36]. Nevertheless, Lp(a) seems to be 
strongly associated with carotid stenosis and occlusion, but 
not with carotid plaque area, possibly because of its 
prothrombotic capacity [59]. 

ELEVATED Lp(a) LEVELS AS A RISK FACTOR OF 

STROKE 

 Several cross sectional (and a few prospective) studies 
provide contradictory findings regarding Lp(a) as a predictor 
of ischemic stroke [10, 11]. A recent meta-analysis tried to 
combine the data from the available literature in order to 
define the possible association of Lp(a) with stroke. The data 
analysis from 31 studies with 56010 subjects and >4,609 
stroke events concluded that Lp(a) is a risk factor for cere-
brovascular disease (CeVD) [60].  

Studies Failing to Show any Associations of Lp(a) and 

Stroke 

 Alfthan et al. conducted a prospective study based on 
7,424 Finnish subjects, free of atherosclerotic disease at 
baseline, and concluded that there is no association between 
Lp(a) levels and the risk of atherosclerotic disease (myocar-
dial infarction or stroke) [61]. 

 The analysis of the baseline Lp(a) levels of 14,916 men, 
who had no clinical atherosclerotic disease at baseline and 
who were followed up for 7.5 years, showed no association 
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between Lp(a) plasma concentration and risk of total or 
thromboembolic stroke [62]. 

 A community-based cohort of 9,936 individuals with 841 
CeVD events concluded that Lp(a) is a weak risk factor for 
CeVD in men and not a significant predictor of CeVD risk in 
women [63]. 

 A nested case-control study determined plasma Lp(a) 
levels of 101 patients with history of ischemic stroke and 
201 matched control subjects and suggested that there is no 
association between baseline plasma Lp(a) levels and future 
ischemic stroke [64]. 

 The role of Lp(a) as a risk factor for ischemic stroke in 
young women was under investigation in The Stroke Preven-
tion In Young Women Study. Lp(a) levels of 110 young 
women (15-44 years of age) with cerebral infarction and 216 
age-matched controls were measured and showed no associa-
tion of Lp(a) plasma concentration with stroke in this popu-
lation group [65]. 

 Another study compared Lp(a) levels of 94 patients aged 
15-45 years with acute ischemic stroke, with 111 age-
matched controls and did not find any differences. It is of 
interest that in this study a very low rate of angiographically 
evident atherosclerosis was detected (3.2%) [66]. 

 The Edinburgh Artery study followed 1,592 healthy indi-
viduals for 5 years. The incidence of stroke was 3.7%, but 
raised Lp(a) levels at baseline were not significantly associ-
ated with increased risk for stroke (relative risk, RR: 
1.24)[67]. 

Studies in Favor of an Association of Lp(a) with Stroke 

 Early studies showed that elevated plasma Lp(a) levels 

are associated with increased risk of cerebrovascular disease 

[68, 69]. Since, the determination of cDNA sequence and a 

number of studies came to provide more evidences regarding 
this association. 

 Van Kooten et al. measured Lp(a) concentration in 

plasma from 151 patients with acute ischemic stroke and 

followed them up for a mean period of 2.5 +/- 1.2 years. The 

results showed that Lp(a) is increased in about one third of 

patients with acute ischemic stroke, but it is not associated 

with the cardiovascular risk profile, stroke characteristics or 
the prognosis of these patients [70]. 

 In another prospective study, 3,972 older adults (65 years 

of age or older) free of vascular disease were followed for a 

median of 7.4 years. This study concluded that Lp(a) is an 

independent predictor for stroke in older man but not in older 
women [71]. 

 In the Prospective Study Of Pravastatin In The Elderly At 

Risk (PROSPER), 5,732 individuals provided baseline fresh 

samples for measurement of the Lp(a) concentration and 

were followed for 3.2 years on average. There was no sig-

nificant association between Lp(a) levels and risk for CVD 
events (RR:1.04, p:0.38) [72]. 

 A population-based case-control study compared Lp(a) 

plasma concentration of 163 patients with first-ever-in-a-

lifetime acute ischemic non-embolic stroke and 166 healthy 

subjects and concluded that stroke patients exhibited higher 

Lp(a) concentrations (p<0.001) associated with a higher 
prevalence of small apo (a) isoforms [73]. 

 In a prospective study with a follow up period of 32 
years, 2,313 men were enrolled at the age of 50. At the end 
of the follow up period 421 incidence stroke had occurred. 
The analysis of Lp(a) plasma concentration concluded that 
Lp(a) constitutes an independent risk factor for stroke [74]. 

 The Atherosclerosis Risk in Communities (ARIC) study 
enrolled 14,221 subjects of both sexes and after a follow-up 
period of 13.5 years, there were 496 incident ischemic 
strokes. The analysis of the baseline levels of Lp(a) con-
cluded that participants with Lp(a) >300μg/ml had a 79% 
increased age, sex, and race-adjusted hazard ratio of 
ischemic stroke than did those with Lp(a) <100μg/ml. There 
was an association of Lp(a) with the incidence of ischemic 
stroke in black and white women and in black men, but not 
in white men [75]. 

 Sharobeem et al. assessed Lp(a) concentration and Apo B 
to ApoAI ratio in 55 South Asian subjects with ischemic 
stroke and 85 controls. The analysis of the data showed that 
both parameters were associated with ischemic stroke [76]. 

 Rigal et al. compared Lp(a) levels between 100 patients 
with acute ischemic stroke and 100 healthy subjects and 
noted that even a slight elevation in Lp(a) plasma concentra-
tion was strongly and independently associated with 
ischemic stroke in men, but not in women [77]. 

 The role of Lp(a) in silent cerebral infarction (SCI) was 
investigated in patients with chronic renal failure who were 
maintained on hemodialysis. Lp(a) was found to be signifi-
cantly associated with the presence of SCI [78]. 

 Dhamija et al. studied the role of homocysteine and 
Lp(a) in ischemic stroke. They determined plasma Lp(a) 
concentration in 66 patients with ischemic stroke and 72 
controls and found that these two parameters are independ-
ently associated with ischemic stroke with a significant posi-
tive correlation between them [79]. 

THERAPEUTIC INTERVENTIONS TO LOWER Lp(a) 
LEVELS 

 Diet is not thought to influence Lp(a) values to any great 
extent. However, saturated and n-3 polyunsaturated fatty 
acids may slightly reduce Lp(a) values. Thus, a diet rich in 
palm oil has been reported to reduce Lp(a) concentrations by 
approximately 10% [80]. Long term administration of n-3 
polyunsaturated fatty acids may reduce Lp(a) values by as 
much as 20% [81]. 

 Patients with hypothyroidism tend to have higher Lp(a) 
levels, which fall after establishing a euthyroid state [82]. 
Preliminary data suggest that thyroid hormone receptor-beta 
selective agonists, which are being developed for the treat-
ment of obesity, may also reduce Lp(a) levels [83]. 

 Fibrates reduced Lp(a) levels in some studies but had no 
effect in others [84].  

 The effects of statins on Lp(a) levels are inconsistent 
[10]. Some studies suggested that Lp(a) might be a more 
potent risk factor in patients with elevated LDL-cholesterol 
levels [85, 86]. This might provide a rationale for treating 
patients with elevated LDL-cholesterol and Lp(a) levels with 
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statins. Data from the Familial Atherosclerosis Treatment 
Study (FATS), which included patients with high levels of 
Lp(a), suggested that reducing LDL-cholesterol by 40% 
abolished any excess risk because of elevated Lp(a) 
concentrations, but it should be noted that niacin was used in 
the treatment of regimen in this study [87]. 

 Niacin (nicotinic acid) appears to consistently decrease 
Lp(a) levels by 20-25% and is currently the first-choice ther-
apy to specifically reduce Lp(a) levels [88].  

 The antisense therapy to apoB100 mipomersen and mi-
crosomal transfer protein inhibitors [5] have also been shown 
to reduce Lp(a) by 30–40% [89]. 

 The choice of antihypertensive agent might also affect 
Lp(a) levels. Atenolol might increase Lp(a) levels, whereas 
other beta blockers did not have this effect [90]. Calcium 
channel blockers and inhibitors of the renin–angiotensin sys-
tem have been reported to lower serum Lp(a) [91]. 

 Finally, in patients with established atherosclerotic vas-
cular disease, including patients with ischemic stroke aspirin 
induces a reduction in Lp(a) levels, particularly in those with 
elevated serum Lp(a) levels [92, 93].  

CONCLUSION 

 There is an evidence suggesting a role for Lp(a) in the 
development of vascular disease. However, Studies deter-
mining its significance as a risk factor for stroke, have pro-
duced conflicting results. The lack of universally accepted 
standardized methods obviates its wide use as a screening 
tool to identify patients at risk [94]. It remains to be estab-
lished whether reductions in Lp(a) levels will result in a re-
duction of vascular events, including stroke. A well-advised 
strategy would involve aggressive management of estab-
lished cardiovascular risk factors in subjects presenting with 
elevated serum Lp(a) concentrations. 
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