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Clinical applications of circulatin
g oxidized low-density

lipoprotein biomarkers in cardiovascular disease
Alexander E. Fraley and Sotirios Tsimikas
Purpose of review

The aim of this article is to review, analyze and interpret the

growing body of evidence on circulating oxidized low-

density lipoprotein and its relationship to diagnosis and

prognosis of cardiovascular disease.

Recent findings

Previous studies focused on indirect measures of oxidative

stress such as susceptibility of LDL to oxidation and

measurement of autoantibodies to oxidized LDL. The

generation of monoclonal antibodies recognizing distinct

oxidation-specific epitopes has allowed the development of

sensitive and specific assays to measure circulating

oxidized LDL. Recent work in human populations has

demonstrated that circulating oxidized LDL is associated

with preclinical atherosclerosis, coronary and peripheral

arterial atherosclerosis, acute coronary syndromes and

vulnerable plaques. Several studies have also suggested

that elevated levels of oxidized LDL are a prognostic

indicator of cardiovascular outcomes. In addition, it has

been shown that lipoprotein(a) is the primary carrier of

oxidized phospholipids in the circulation of humans,

suggesting additional mechanisms through which

lipoprotein(a) may be pro-atherogenic.

Summary

Research on circulating oxidized LDL biomarkers is rapidly

accelerating and providing novel insights into the

pathophysiology of cardiovascular disease. Future studies

will further assess the clinical utility of oxidized LDL

biomarkers by determining their prognostic value in the

diagnosis and prognosis of cardiovascular disease and will

also evaluate the relative merit of specific assays by

performing comparative studies.
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Abbreviations
ACS a
rized
cute coronary syndromes

apoB a
polipoprotein B

CAD c
oronary artery disease

IMT in
tima–media thickness

MDA m
alondialdehyde

OxLDL o
xidized low-density lipoprotein

OxPL o
xidized phospholipid

PCI p
ercutaneous intervention
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Introduction
A vigorous scientific effort is currently underway to

develop blood biomarkers to diagnose cardiovascular

disease and predict clinical outcomes. Plasma biomarkers

have the advantage of being noninvasive, which makes

them applicable to a greater proportion of patients at risk

and, if abnormal, to allow opportunities to intervene at an

earlier stage of disease. The ideal biomarker in athero-

sclerotic disease should reflect and quantify the extent of

atherosclerotic burden, have accurate and reliable labora-

tory methods, provide good sensitivity and specificity,

predict disease in asymptomatic individuals and be avail-

able for widespread application [1]. C-reactive protein

most closely fulfills these criteria [2��], yet it has not

found universal acceptance, perhaps due to its non-

specific nature, modest predictive value in individual

patients compared to large epidemiologic studies, and

the close correlation with the metabolic syndrome and

other cardiovascular risk factors. Therefore, additional

and more specific biomarkers will likely be useful in the

diagnosis and prognosis of cardiovascular disease.

Atherosclerosis results from a combination of abnormal-

ities in lipoprotein metabolism, oxidative stress, chronic

inflammation and susceptibility to thrombosis. All of these

processes contribute individually, or more commonly in

aggregate, in the clinical expression of cardiovascular

disease [3,4]. Oxidized low-density lipoprotein (OxLDL)

is pro-inflammatory and pro-atherogenic and is intimately

involved in the initiation, progression and potentially in

the destabilization of atherosclerotic lesions [5]. There-

fore, it may be a unifying factor that can influence under-

lying risk in lipid disorders, inflammation and thrombosis.

Direct visualization of OxLDL in the vessel wall would be

ideal to measure such risk, and although an area of

active study [6,7], is not currently feasible in humans.

The use of OxLDL biomarkers, however, shows promise
 reproduction of this article is prohibited.
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in diagnosing preclinical atherosclerosis in asymptomatic

individuals, monitoring active disease and predicting car-

diovascular outcomes. This review will summarize the

recent literature on circulating OxLDL biomarkers with

an emphasis on the clinical application of these assays.

Measures of circulating oxidized LDL
The term OxLDL was traditionally used to describe

LDL modified by exposure to copper ions, which cata-

lyzed lipid peroxidation. The term OxLDL in a generic

sense, however, additionally describes a broad array of

chemical, biological and immunological entities, ranging

from measurement of conjugated dienes, susceptibility of

LDL to oxidation, apolipoprotein B (apoB)–immune

complexes and autoantibodies to various epitopes of

OxLDL. Many of these assays are nonspecific for

LDL oxidation, are imprecise, have poor specificity

and are not adaptable to large-scale studies. This has

led to difficulty or inability to compare or interpret results

in different studies and has engendered significant con-

troversy as to the pathophysiological role and clinical

relevance of these measures [8].

The development of monoclonal antibodies binding oxi-

dation-specific epitopes has allowed the development of

sensitive and specific assays to measure circulating

OxLDL [9–11]. Figure 1 displays the methodology for

three well described OxLDL assays from which the

majority of published clinical data exists. The three

assays are not necessarily comparable as they either

use antibodies detecting different epitopes or are set

up in different formats and units of measurement. To

minimize confusion and to allow more appropriate com-

parisons among studies, we have previously suggested

that investigators describe their measures of OxLDL by
opyright © Lippincott Williams & Wilkins. Unauth

Figure 1 Description of the methodology of the three major oxidiz

(a,b) Standard and competition
version of the oxidized LDL (OxLDL)-
4E6 assay. (c) The OxLDL-DLH3
assay. (d) The OxLDL-E06 assay. 4E6,
DLH3, and E06 are oxidation-specific
antibodies. MB47 is a murine
monoclonal antibody binding human
apolipoprotein B (apoB)-100. MDA,
malondialdehyde; OxPL, oxidized
phospholipids. Reproduced from S.
Tsimikas, Clinics in Laboratory
Medicine; published by Elsevier,
2006.
linking their antibody to the type of OxLDL described,

(i.e. ‘OxLDL-E06’ for the E06 antibody) [12].

The murine monoclonal antibody 4E6, developed by

immunizing Balb/cmice with copper-oxidized LDL, binds

to aldehyde-modified lysine groups [likely malondialde-

hyde (MDA)-lysine epitopes] on LDL (MDA-LDL),

although it does cross react also with copper-oxidized

LDL [13,14]. OxLDL-4E6 is available commercially as

a sandwich enzyme-linked immunosorbent assay in two

formats for research purposes (Mercodia, Inc, Uppsala,

Sweden). The traditional assay captures OxLDL from

plasma with antibody 4E6 attached to microtiter plates

and detects the content of apoB-100 with a secondary

antibody (Fig. 1a). The competitive assay described

recently (Fig. 1b) plates a ‘standard’ human OxLDL prep-

aration to microtiter wells and adds the plasma sample

together with biotinylated 4E6. Reduced binding of 4E6 to

the plate implies higher plasma OxLDL levels. This ver-

sion of the assay is theoretically more sensitive to the

number of oxidation-specific epitopes on each LDL

particle than the standard version. Most of the published

data are with the standard assay and it is has not been

shown whether the competitive assay will yield similar

results since it is fundamentally a different methodology.

Studies comparing the two assays are not available and

interpretation of the literature from this particular assay

should keep this in mind. The results are presented as units

per liter based on a standard curve that employs the

reference OxLDL.

The murine IgM monoclonal antibody DLH3/FOH1a

(OxLDL-DLH3) recognizes oxidized phosphocholine

epitopes on LDL and was generated by immunizing mice

with human coronary atheroma [15]. The OxLDL-DLH3

assay (Fig. 1c) is set up in a similar manner to the
orized reproduction of this article is prohibited.
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OxLDL-4E6 assay, except that it uses isolated LDL rather

than plasma to measure OxLDL. This presumably

reduces interference from epitopes in plasma not on

LDL, but also makes it a labor-intensive procedure not

amenable to high-throughput or large studies. The assay

results are presented in units per milliliter, where one unit

equals the absorbance of 250 ng of the reference OxLDL.

The IgM monoclonal antibody E06 (OxLDL-E06)

recognizes the phosphocholine headgroup of oxidized

phospholipids (OxPLs) but not normal phospholipids

[10,16]. The OxLDL-E06 assay is set up in a fundamen-

tally different manner to the previous two assays

described above by capturing an equal and minute pro-

portion of plasma apoB-100 in all microtiter wells from

each subject with murine monoclonal antibody MB47,

irrespective of the plasma apoB-100 level (Fig. 1d). Thus,

the assay is independent of LDL-cholesterol or apoB

levels. OxPL on apoB-100 are then detected with bio-

tinylated E06 to determine the OxPL/apoB ratio and

presented as relative light units (RLUs) per 100 ms. This

assay is highly specific to the number of OxPL epitopes

on individual apoB-100 particles.

The OxLDL-4E6 assay is standardized and commercially

available but the epitopes it binds are not precisely known

and a strong correlation (approximately 0.65–0.70) exists

between OxLDL-4E6 and LDL-C. The close correlation

with LDL-C is not expected as OxLDL and LDL have

markedly different kinetics of formation and clearance,

and may represent methodological issues, such as the lack

of sensitivity to the number of epitopes or other factors.

The OxLDL-DLH3 assay detects pro-inflammatory oxi-

dized phosphocholine but requires isolated LDL, which

limits widespread use. Both assays require a calibration

reference OxLDL be made batch to batch from human

donors, which may potentially lead to different reference

scales. The OxLDL-E06 assay format is not currently

standardized to a reference OxPL, but instead uses a

relative scale, which does not allow ease of comparison

among different studies. Plasma levels of OxPL/apoB also

strongly correlate with lipoprotein(a) (r value, approxi-

mately 0.85), but not with other lipoproteins. This was

determined to be due to the surprising observation that,

in humans, lipoprotein(a) particles rather than non-

lipoprotein(a)–apoB-100 particles carry most of OxPL

[17–20,21��,22,23��]. This property has provided signifi-

cant insights into the atherogenicity of lipoprotein(a) in

binding and transporting OxPL. The OxLDL-DLH3

and OxLDL-E06 assays are not commercially available.

In summary, all of the above assays have some advantages

and disadvantages currently and comparative data are

awaited to assess if any one provides enhanced clinical

utility compared with the others. None of these assays is

currently approved for routine clinical use.
opyright © Lippincott Williams & Wilkins. Unautho
OxLDL as a marker of asymptomatic
cardiovascular disease
Most, if not all, cardiovascular risk factors generate oxi-

dative stress in the vessel wall. As LDL traverses the

subendothelial space it becomes oxidized, prior to

advanced lesion formation, and may induce endothelial

dysfunction, one of the earliest manifestations of athero-

sclerosis. In-vitro and in-vivo studies have shown that

OxLDL promotes endothelial cell toxicity and vasocon-

striction. OxLDL levels correlate with endothelial dys-

function and with improvement following lipid-lowering

therapy with apheresis or statins (reviewed by Navab et al.
[24]). Plasma levels of OxLDL-DLH3 were recently

shown to be an independent determinant of coronary

macrovasomotor and microvasomotor responses in

response to bradykinin in humans [25].

The relationship of OxLDL to cardiovascular risk factors is

not fully established. Because most of OxLDL is present

in the vessel wall rather than plasma (100-fold greater

levels compared to plasma [26]), plasma levels may not

necessarily reflect an association with all risk factors. None-

theless, OxLDL levels have been associated with small

dense LDL [27,28] and the metabolic syndrome [29]

using the OxLDL-4E6 assay, although conflicting

results are present as a second cohort found no associa-

tion using the same assay, even after adjusting for LDL-

cholesterol levels [30]. As discussed below, the OxLDL-

4E6 correlates with LDL-cholesterol and OxLDL-E06

(OxPL/apoB) and OxLDL-DLH3 with lipoprotein(a)

(r¼ 0.77) [31]. OxPL/apoB and lipoprotein(a) lack corre-

lations with most cardiovascular risk factors, including

C-reactive protein. Further research is required to for-

mally assess the relationship of OxLDL measures to

cardiovascular risk factors in large cohorts of patients.

The value of OxLDL in screening selected high-risk

subjects was demonstrated in a study of asymptomatic

family member of subjects with familial hyperlipidemia

[32]. In these individuals elevated OxLDL-4E6 and LDL-

cholesterol levels were associated with increased carotid

intima–media thickness (IMT). This association was

further investigated in a population study of middle-aged

males from the general population in whom OxLDL-4E6

predicted carotid and femoral IMT, although with border-

line statistical significance [33]. Interestingly, in a larger

population with heterozygous familial hypercholesterol-

emia, OxLDL-4E6 did not predict IMT, either at base-

line or following statin therapy [34].

Association of oxidized LDL with coronary
artery disease
In a recent study evaluating a population of 504 patients

undergoing coronary angiography for stable coronary

artery disease (CAD), OxLDL-E06 (OxPL/apoB) levels

correlated with both the presence and extent of
rized reproduction of this article is prohibited.
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Figure 2 Mean percentage change in oxidized phospholipids/

apolipoprotein B and lipoprotein(a) levels before, immediately

following and over the next 6 months in patient with stable

angina undergoing elective percutaneous coronary intervention
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Note the significant rise in oxidized phospholipids/apolipoprotein B
(OxPL/apoB) and lipoprotein (Lp(a)) immediately following percuta-
neous coronary intervention (approximate duration of procedure is
1 h) with return to baseline levels by 6 h after the procedure. Reproduced
with permission [19].
angiographically-determined CAD [21��]. Patients in the

highest quartile of circulating OxLDL-E06 had the most

advanced angiographically detected CAD with three-

vessel involvement. Interestingly, lipoprotein(a) had a

strikingly similar association with CAD and a strong

correlation (r¼ 0.83, P< 0.001) was noted between

OxPL/apoB and lipoprotein(a), suggesting a common

biological influence on cardiovascular risk. In logistic

regression analysis, compared to the lowest quartile,

subjects in the highest quartile had an odds ratio of

1.95 for greater than 50% diameter stenosis in any cor-

onary artery. Patients under 60 years with coexisting

hypercholesterolemia, however, had an odds ratio of

16.8. In the overall cohort, this association was indepen-

dent of all clinical and lipid risk factors (including

C-reactive protein), except for lipoprotein(a). In patients

under 60 years old, however, OxPL/apoB levels were

independent even of lipoprotein(a) suggesting that

OxPL may mediate atherogenicity above and beyond

its association with lipoprotein(a), perhaps through

additional pro-inflammatory mechanisms. The influence

of OxPL and lipoprotein(a) on CAD risk was diminished

in patients over 60 years old, perhaps through the

accumulation of additional risk factors that may have

superceded the risk of OxPL/apoB and lipoprotein(a),

which can be elevated at birth in many subjects [22]. The

association of OxLDL with stable CAD has also been

confirmed using the OxLDL-DLH3 and OxLDL-4E6

assays in previous studies [27,35–37].

Association of oxidized LDL with acute
coronary syndromes and percutaneous
coronary intervention, vulnerable plaques and
restenosis
The association of OxLDL with acute coronary syndromes

(ACSs) was previously documented in cross-sectional stu-

dies, generally showing higher levels of OxLDL according

to the severity of presentation [38–40]. In addition, endo-

thelial derived soluble LOX-1 receptor levels are also

elevated in ACS [41]. In a prospective study, it was recently

demonstrated that OxLDL-E06 levels rise rapidly in

patients suffering acute myocardial infarction and then

tend to decrease toward baseline levels over the next

7 months [17]. This has implications regarding generation

of OxLDL during ACS, release of OxLDL from athero-

sclerotic plaques and interpretation of studies in which

OxLDL levels are measured in unstable patients which

levels may not reflect baseline values. In a follow-up study,

it was demonstrated that OxPL/apoB and lipoprotein(a)

levels also acutely increase immediately following per-

cutaneous intervention (PCI) (Fig. 2), further supporting

the hypothesis that plaque disruption, iatrogenically

induced in this case, results in release of OxPL from

the vessel wall [19]. Interestingly, the OxPL/apoB levels

returned to baseline by 6 h and precipitation experiments

showed that immediately after PCI, approximately 50% of
opyright © Lippincott Williams & Wilkins. Unauth
OxPLs were present on lipoprotein(a) whereas the other

50% were present on non-lipoprotein(a) apoB-100

particles. By 6 h after PCI however, more than 90% of

OxPL were again present on lipoprotein(a), suggesting

that, when present, lipoprotein(a) preferentially binds

and transports mobilized OxPL. In this study, it was also

shown that there was an immediate fall in preexisting

autoantibody levels to MDA-LDL and an acute rise in

apoB-immune complexes and subsequently returning

back to baseline, further suggesting that release of OxLDL

results in immune complex formation with ultimate

clearance of these particles [19].

Nishi et al. [26] showed that ‘vulnerable’ carotid plaques,

documented as such with accepted pathological criteria

following carotid endarterectomy, were highly enriched

in macrophages and OxLDL (with approximately

100-fold greater levels in lesions than plasma) compared

to stable carotid plaques. It has also been shown that a

3-month treatment with pravastatin prior to carotid

endarterectomy significantly reduces OxLDL content

in carotid plaques [42]. Similarly, OxLDL content by

immunostaining was also higher in coronary atherec-

tomy specimens in patient with ACS [38]. It was also

shown that monocytes derived from patients with

unstable angina induced a significant amount of nuclear

factor-kB when exposed to patient’s serum with elevated

OxLDL levels [43�]. Furthermore, OxLDL levels corre-

late with angiographically complex plaques [44,45].

Overall, these data make a strong argument that

OxLDL biomarkers strongly reflect the presence of

ACS and that OxLDL may be may integrally involved

in plaque destabilization.
orized reproduction of this article is prohibited.
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Figure 3 Mean or median percentage change in oxidized

phospholipids/apolipoprotein B and lipoprotein(a) levels in

response to diet or statin therapy from baseline to follow-up

in several prospective studies
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Restenosis is now less frequent with drug-eluting stents

but additional predictors are still needed to risk-stratify

patients. Segev et al. [45] showed that OxLDL-E06

levels, despite increasing after PCI, were not associated

with restenosis at 6-month angiographic follow-up in

135 patients undergoing uncomplicated PCI for stable

angina. Naruko et al. [46], however, showed in 102 con-

secutive patients with acute myocardial infarction that if

OxLDL-DLH3 levels remained elevated prior to hospi-

tal discharge, they predicted subsequent restenosis.

A third study of 687 patients with a heterogeneous

population that included postmyocardial infarction,

stable and unstable angina patients, however, showed

that OxLDL-4E6 levels did not predict the incidence of

death, myocardial infarction, target vessel revasculari-

zation (the combined primary end-point) or angiographi-

cally determined restenosis [47]. Thus, it appears that

OxLDL may not have a significant role in predicting

restenosis or outcomes following coronary stenting.

The effect of diet and medical therapy on
oxidized LDL
The impact of diet and statin therapy on OxLDL levels is

currently just starting to be explored. Several cross-

sectional and prospective studies have recently shown

either that OxLDL levels, measured with the OxLDL-

4E6 and OxLDL-DLH3 assays as well as by MDA-LDL

levels with a different assay, are lower in patients on

statins or fall in patients treated with a variety of statins,

including atorvastatin, simvastatin, pravastatin, and

fluvastatin [27,34,48–50].

Interestingly, the OxLDL-EO6 assay, which determines

the content of OxPL per apoB particle rather than total

levels of OxLDL in plasma and is very sensitive to net

content of OxPL epitopes on apoB-100 compared to the

other assays, gives different and seemingly counterintui-

tive information (Fig. 3). In a study of the response of

OxLDL-E06 to two low-fat diets, Silaste et al. [51]

showed that median OxPL/apoB levels increased by

27% (P< 0.01) in response to the low-fat, low-vegetable

diet and 19% (P< 0.01) in response to the low-fat, high-

vegetable diet, despite no change in plasma apoB levels.

Interestingly, the change in lipoprotein(a) concentration

mirrored the change in OxPL/apoB levels. Similar results

with a mean 29.3% increase have been reported with a

step II AHA diet in children with familial hypercholes-

terolemia [22]. Additionally, increases in the OxPL/apoB

ratio were also documented prospectively in 2341

patients treated with atorvastatin 80 mg/day versus

placebo (median 9.5% increase in atorvastatin but no

change in placebo [20]) and pravastatin (median 48.7%

increase [22]). Although such increases in the OxPL/

apoB ratio remain unexplained at present, we previously

hypothesized that mobilization of OxPL may occur from

atherosclerotic lesions, sites of inflammation, or even via
opyright © Lippincott Williams & Wilkins. Unautho
transfer from other lipoproteins to OxPL acceptors, such

as lipoprotein(a), which strongly binds OxPL [17–

20,21��,22,23��]. Additional unpublished data from our

laboratory show that animals without lipoprotein(a)

(rabbits) or those whose lipoprotein(a) does not bind

OxPL (cynomolgous monkeys) also have increases in

the OxPL/apoB ratio with concomitant disappearance

of OxPL from the vessel wall. This implies that OxPL

may egress out of the vessel wall and into the circulation

during dietary or statin intervention and suggests a causal

relationship between increased OxPL/apoB ratio and

early atherosclerosis regression or plaque stabilization.

Association of oxidized LDL with prognosis of
cardiovascular disease
The utility of OxLDL-E06 in predicting progression of

atherosclerosis was recently evaluated in the Bruneck

study, a large prospective population-based survey of 40–

79-year-old men and women initiated in 1990 [23��].

Serial plasma levels of OxPL/apoB and lipoprotein(a)

were acquired in 765 of 826 (92.6%) and 671 of 684

(98.1%) subjects in 1995 and 2000, respectively. The

cohort was evaluated for baseline cardiovascular events

and also followed for progression of atherosclerosis with

serial measurement of femoral and carotid IMT. The

OxPL/apoB distribution was clustered at the lower end of

the scale [as known previously for Lp(a) levels in popu-

lations] and remained highly correlated with Lp(a)

(r¼ 0.87, P< 0.001) and this correlation was strongest

in individuals with the highest concentrations of Lp(a)

and fewest number of kringle IV-2 repeats. Individual

paired OxPL/apoB samples from 1995 and 2000 were

highly correlated (r¼ 0.78, P< 0.001), displaying a better

correlation than LDL-cholesterol (r¼ 0.62, P< 0.001) or

HDL-cholesterol over the 5-year period. Both OxPL/

apoB and lipoprotein(a) lacked correlations with most
rized reproduction of this article is prohibited.
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cardiovascular risk factors and life-style variables.

Interestingly, the number of apolipoprotein(a) kringle

IV-2 repeats was inversely related to lipoprotein(a) mass

(r¼�0.48; P< 0.001) and OxPL/apoB levels (r¼�0.46;

P< 0.001) In multivariable analysis, OxPL/apoB levels

were strongly and significantly associated with the pre-

sence, extent and interim development of carotid and

femoral atherosclerosis over the 5-year period. OxPL/

apoB and lipoprotein(a) also predicted the presence of

symptomatic cardiovascular disease at entry into the

study. There were not enough accrued events over the

5-year follow-up period to determine if OxPL/apoB

levels predicted new clinical events. Both OxLDL-

EO6/apoB and lipoprotein(a) levels showed similar

associations with atherosclerosis severity and progression,

suggesting a common biological influence on atherogen-

esis and provided information beyond typical risk factors

in both the diagnosis and monitoring of cardiovascular

disease.

OxLDL is now being studied as a predictor of second-

ary cardiovascular events. For example, in a prospective

study of 238 patients with known CAD followed for a

mean of 52 months, baseline OxLDL-DLH3 levels

were an independent predictor of cardiac death, non-

fatal myocardial infarction and unstable angina, with

patients in the highest quartile having a hazard ratio

3.15 times greater than patients in the lowest quartile

[52]. In a study evaluating the prognostic value of

OxLDL for CAD in a high-risk population with the

metabolic syndrome, OxLDL-4E6 did not indepen-

dently predict CAD, but did show that individuals

with metabolic syndrome had increased risk for acute

myocardial infarction (odds ratio 2.25; 1.22–4.15) com-

pared to those without metabolic syndrome [29]. The

predictive power of circulating OxLDL was more

robust in a prospective, nested, case–control study with

median 5.6–year follow-up showing that baseline

OxLDL-4E6 levels, using the competitive assay, were

higher in those subjects who subsequently had

future cardiovascular events and that OxLDL was a

stronger predictor of future events versus other

lipoprotein measures [53��]. This study was limited

to men, however, and although multivariable analysis

was performed adjusting for most cardiovascular risk

factors, it is not clear if OxLDL-E06 levels were

evaluated in a model including LDL-cholesterol to

see if the results were independent of LDL-choles-

terol, as there was a high correlation between OxLDL-

E06 and LDL-cholesterol (r¼ 0.69; P< 0.001).

Conclusion
The field of OxLDL, in a bench to bedside transition,

has progressed over the last 25 years from an in-vitro

and cell culture science, to animal models of athero-

genesis and now to plasma biomarkers. Although most
opyright © Lippincott Williams & Wilkins. Unauth
of the vitamin E antioxidant trials have failed to show a

clinical benefit, for many reasons [54], the ability to

now measure OxLDL and identify those patients with

high oxidative stress prior to any therapeutic interven-

tion will allow more rational and targeted approaches.

From the current state-of-the-art, it can be concluded

that circulating OxLDL levels correlate independently

with various forms of coronary and peripheral arterial

disease. Studies assessing the prognostic value of

OxLDL are at their infancy and future large and

rigorous prospective studies will attempt to answer

the question of whether OxLDL biomarkers indepen-

dently predict clinical outcomes. In particular, studies

are needed to further establish the relationship of

OxLDL levels to therapeutic interventions and the

relationship to clinical outcomes. Since OxLDL

represents divergent oxidative and immunological

species, comparative studies of the various assays are

also needed to assess which assays, assay formats and

which oxidation-specific epitopes are most predictive

of cardiovascular disease. The answers to these ques-

tions will allow us to decide whether and which

OxLDL biomarkers can ultimately be integrated into

routine clinical decision-making.
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