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Context: Coronary artery disease (CAD) is among the leading causes of mortality and morbidity

worldwide. Traditional risk markers explain only a proportion of total cardiovascular risk. Thus,

development and improvement of early diagnostic strategies and targeted initiation of preventive

measures would be of great benefit.

Objective: We aimed to identify molecular lipids that are associated with fatal outcome of CAD

patients. Furthermore, the effect of different lipid-lowering drugs on novel risk lipids was

evaluated.

Methods: Serum samples of 445 CAD subjects participating in a long-term follow-up of the Lud-

wigshafen Risk and Cardiovascular Health (LURIC) study were analyzed. In addition, samples ob-

tained from a separate randomized parallel three-group study of subjects treated with simvastatin

(n � 24), ezetimibe (n � 24), or their combination (n � 24) were studied. Furthermore, samples from

the LURIC participants with a loss-of-function mutation (R46L) in the PCSK9 gene (n � 19) were

analyzed and compared with major allele carriers (n � 868).

Results: Distinct ceramide species were significantly associated with the fatal outcome of CAD

patients. Simvastatin lowered plasma ceramides broadly by about 25%, but no changes in cer-

amides were observed in the ezetimibe group. PCSK9 deficiency was significantly associated

(�13%) with lowered low-density lipoprotein cholesterol accompanied by a significant 20% re-

duction in CAD outcome risk-related ceramides.

Conclusions: These data suggest that distinct ceramides associate significantly with CAD outcome

independently of traditional risk factors and that the mechanism of lipid lowering is important.

(J Clin Endocrinol Metab 99: E45–E52, 2014)

Worldwide, coronary artery disease (CAD) is among

the leading causes of morbidity and mortality (1).

Early preventive measures depend on accurate identifica-

tion of individuals who have an increased risk. Serum

total cholesterol and low-density lipoprotein cholesterol

(LDL-C) significantly associate with atherosclerosis and
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its clinical manifestations such as acute coronary events

and have long been used as the basis of risk stratification.

However, these traditional risk measures fail to recognize

a substantial proportion of patients at high risk for coro-

nary events. For example, in a study in patients hospital-

ized with CAD, almost half of the patients had admission

LDL-C less than 100 mg/dL, whereas less than a quarter

had LDL-C greater than 130 mg/dL (2). Thus, there is a

need for more precise understanding of the roles of dif-

ferent lipid species in atherosclerosis beyond LDL-C and

high-density lipoprotein cholesterol (HDL-C). This would

improve risk assessment as well as prevention and treat-

ment of CAD. In fact, lipidomes of eukaryotic cells include

thousands of lipid species that serve as cellular building

blocks, store energy, and function as bioactive molecules

(3, 4), and therefore, it is reasonable to assume that some

of these numerous molecular lipid species are closely in-

volved in the development of atherosclerosis, as has been

suggested recently (5–7).

We performed a study on prospective clinical samples

to specifically evaluate the value of molecular lipids in

prediction of death from cardiovascular reasons in CAD

patients with an established disease. In addition, we tested

the effect of different lipid-lowering treatments on the

identified novel risk lipids to evaluate whether it matters

by which mechanism plasma lipids are lowered.

Materials and Methods

Subjects
The Ludwigshafen Risk and Cardiovascular Health (LURIC)

study is an ongoing prospective study of currently more than
3000 individuals of German ancestry in whom the cardiovascu-
lar and metabolic phenotypes CAD, myocardial infarction (MI),
dyslipidemia, hypertension, metabolic syndrome, and diabetes
mellitus have been defined or ruled out using standardized meth-
odologies (8). All the patients were in secondary prevention, ie,
had known CAD.

Patients with German ancestry were recruited at the cardiac
center in Ludwigshafen from 1997 to 2002. After obtaining a
written informed consent, baseline examination was done con-
sisting of a standardized individual and family history question-
naire and extensive sampling of fasted venous blood in the early
morning. The coronary artery status was evaluated by angiog-
raphy. The study was approved by the Ethics Review Committee
at the “Landesärztekammer Rheinland-Pfalz.” Written in-
formed consent was obtained from each of the participants.

For this study we first selected male CAD patients (n � 258)
from the LURIC cohort who died due to cardiovascular disease
(CVD) reasons within the first 3 years of follow-up. The control
group consisted of male CAD patients who did not die during the
follow-up. Frequency matching was used for matching case and
control groups for age, body mass index (BMI), statin use, and
smoking. The total number of controls (n � 187) remained
smaller than the total number of cases. This was due to the ex-

clusion of numerous stable diabetic patients who had had events

indicative of plaque vulnerability such as MI and/or stroke prior

to the study entry. Coronary angiography was used to verify

CAD (stenosis � 20% in one or more coronary arteries) in both

study groups. The characteristics of the study subjects are given

in Table 1. Cases were classified based on information on mor-

tality from local health registries. Cardiovascular deaths were

defined as sudden cardiac death, fatal MI, death due to conges-

tive heart failure, death immediately after intervention to treat

CAD, fatal stroke, and other causes of deaths due to cardiac

disease. Two experienced clinicians blinded of the study data

independently went through death certificates to classify deaths

to CVD and non-CVD causes (9).

Plasma samples of healthy males from a single-center, ran-

domized, parallel, three-group study performed at the University

of Cologne (10) were analyzed to evaluate the potential of

ezetimibe (10 mg; n � 24), simvastatin (40 mg; n � 24), or their

combination (n � 24) to reduce plasma concentrations of mo-

lecular lipids species that had been identified to be related to

cardiovascular death in the LURIC cohort. This study was ac-

cepted by the Ethical Committee of the University of Cologne.

The dose of ezetimibe and simvastatin was administered in the

evening. Blood was drawn before and after the treatment period

that lasted for 14 days.

Furthermore, we used the LURIC study genome-wide asso-

ciation studies database and identified subjects who were carry-

ing the previously described loss-of-function mutation R46L

(rs11591147) (11) of the PCSK9 gene to reveal the possible lip-

idomic effect of PCSK9 deficiency in men. Altogether 19

heterozygous male mutation carriers and 868 male homozygous

major allele carriers were identified from our database with both

genetic information and serum lipidomic data available.

Table 1. Patient Characteristics

Cases
(n � 258)

Controls
(n � 187) P Value

Men, % 100 100
Age, y 67.4 64.8 n.s.
BMI, kg/m2 27.5 27.5 n.s.
LDL-C, mg/dL 112.0 117.9 n.s.
HDL-C, mg/dL 35.6 38.5 .001
TC, mg/dL 185.2 197.0 .002
TG, mg/dL 170.2 181.9 n.s.
ApoA1, mg/dL 120.2 129.9 �.001
ApoB, mg/dL 103.6 107.7 n.s.
CRP, mg/dL 1.6 0.5 �.001
Statin users, % 52.3 50.1 n.s.
Other lipid-lowering drugs 1.9 2.7 n.s.
Smokers, % 30.2 30.5 n.s.
DM2, % 34.9 16.6 �.001
CAD, % 100 100
Framingham scorea 20 20 n.s.
SCOREb 7.1 6.7 n.s.

Abbreviation: Apo, apolipoprotein; CRP, C-reactive protein; DM2,

diabetes mellitus type 2; n.s., not significant; TC, total cholesterol; TG,

triglycerides.
a Framingham score of coronary heart disease (10 y risk) (17).
b SCORE indicates the estimation of 10-year risk of fatal CVD (18).
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Lipid extraction and mass spectrometry

An aliquot of plasma or serum was subjected to lipid extrac-

tion. Known amounts of internal standards were added to the

samples before extraction and the final lipid extracts were dried

under nitrogen. The extracts were reconstituted as described

(12). Sphingolipids were analyzed as described elsewhere (13) on

a 4000 QTRAP mass spectrometer (Applied Biosystems/MDS

Analytical Technologies) equipped with an ultrahigh pressure

liquid chromatography system, CTC PAL autosampler (Leap

Technologies), and Rheos Allegro ultrahigh pressure liquid chro-

matography (Flux Instruments) using multiple reaction moni-

toring. Shotgun lipidomics was performed by multiple precursor

ion and neutral loss scanning as described elsewhere (14) on a

QTRAP 5500 mass spectrometer (Applied Biosystems/MDS An-

alytical Technologies) equipped with a robotic nanoflow ion

source NanoMate HD (Advion). Mass spectrometry data files

were processed using MultiQuant 1.1.0.26 or Lipid Profiler (15)

(Applied Biosystems/MDS Analytical Technologies). Identified

lipids were quantified by normalizing against their respective

internal standard and volume for plasma or serum. Quality con-

trol (QC) samples were used to monitor the overall quality of the

lipid extraction and mass spectrometry analyses (16). The QC

samples were mainly used to remove technical outliers and lipid

species that were detected below the lipid class-based lower limit

of quantification. In total, 14 QC samples evenly distributed

along analytical runs of the study were analyzed. The average

coefficient of variation of all the lipids detected in the study

samples was 20%.

Statistical analyses
Lipid class concentrations were cal-

culated by summing up the concentra-
tions of corresponding molecular lipids.
For analysis of CAD mortality and
PCSK9 mutation data, an unpaired Stu-
dent t test was performed on log-trans-
formed concentrations and lipid to lipid
ratios because variables were approxi-
mately log normal. Equality of variance
was tested, and pooled t test was used in
case of equal variance and Satterthwaite
t test was used in case of unequal vari-
ance. CAD mortality case and controls
groups were frequency matched; there-
fore, an unpaired t test was used. The t
test results are presented as volcano plots
and heat maps (Figures 1–3). In volcano
plots, the magnitude of relative differ-
ence between groups (horizontal axis) is
plotted against the statistical significance
(vertical axis). Odds ratios were calcu-
lated using logistic regression model with
and without adjustment for age, BMI,
fasting glucose, HDL-C, LDL-C, C-reac-
tive protein, and triglycerides. A paired t
test was conducted for comparing base-
line and after-treatment lipid concentra-
tions in subjects receiving ezetemibe,
simvastatin, or their combination. Base-
line and treatment values were approxi-

mately normally distributed. Normality

of the lipid concentration distributions

were tested with a Shapiro-Wilk test. A value of P � .05 was

considered significant. The false discovery rate q values were

calculated to correct the multiple hypotheses testing results. All

the analyses were performed using SAS 9.2 (SAS Institute).

Results

Molecular lipid species are potential indicators of

CAD outcome risk

The classical risk markers were unable to distinguish

CAD patients who died during the follow-up from stable

CAD patients who had structural coronary disease at

baseline. Modestly higher total cholesterol concentrations

(6%, P � .002) were recorded in the case groups and

HDL-C and apoA1 were slightly lower in cases compared

with controls (�7.5%, P � .001, and �7.5%, P � .001,

respectively) (Table 1). Furthermore, traditional risk

scores were not different between the groups. Both case

and control groups had median Framingham 10-year risk

of coronary heart disease (17) of 20%. The estimation of

the 10-year risk of fatal cardiovascular disease in Europe

(Systematic Coronary Risk Evaluation, SCORE) (18) was

7.1% in cases and 6.7% in controls, and the slight differ-

ence was not statistically significant.

Figure 1. Volcano heat map indicating molecular lipid species difference (percentage) between

stable and high-risk CAD patients. Right panel (red color) indicates lipids that associate with CVD

outcome risk in CAD patients. Left panel (blue color) indicates lipids that associate with

protection. Lipid concentrations in controls are taken as a reference; thus, positive values

correspond to higher values in cases vs controls.

doi: 10.1210/jc.2013-2559 jcem.endojournals.org E47
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More pronounced differences between groups were ob-

served through lipidomic analyses (Figure 1 and Supple-

mental Table 1, published on The Endocrine Society’s

Journals Online web site at http://jcem.endojournals.org).

Lactosylceramides LacCer (18:1/18:0) and LacCer (18:1/

20:0) were among the risk-associated lipids together with

Cer (18:1/16:0) and Cer (18:1/18:0). Several molecular

lipid species such as CE20:5 (�17.4%, P � .0001) and

CE18:3 (�15.1%, P � .000037) displayed reduced con-

centrations in cases as compared with the control group.

Figure 2. Differential behavior of sphingolipid species in sphingolipid pathway. A, Sphingolipid pathway map. B, Heat map of sphingolipid

differences.

E48 Tarasov et al Molecular Lipids Identify Cardiovascular Risk J Clin Endocrinol Metab, January 2014, 99(1):E45–E52
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Abundance of several ceramide species containing specific

fatty acids was higher along the axis of the glycosphingo-

lipid pathway (Figure 2) in which ceramide is converted to

galactosylceramide and glucosylceramide, glucosylcer-

amide is converted to lactosylceramide, and lactosylcer-

amide is metabolized to globotriaosylceramide (Gb3). No

significant differences were observed in corresponding

sphingomyelin species. For example, d18:1/22:0-contain-

ing species were higher in ceramide, lactosylceramide, and

globotriaosylceramide classes. A similar pattern is demon-

strated by other long-chain containing ceramides (d18:1/

16:0 and d18:1/18:0). However,

Cer(d18:1/24:0) lipid species concen-

tration was lower in cases reflected in

lower concentration of sphingomy-

elin containing the same fatty acid

SM(d18:1/24:0) (Figure 2B).

To account for lipid concentra-

tion differences due to metabolome

influencing factors, we also studied

patients with and without diabetes

mellitus type 2. Interestingly, when

these patients were studied sepa-

rately, very distinct lipidomic pro-

files were recorded for the two

groups. In nondiabetic CAD pa-

tients, the risk of fatal outcome was

associated with elevated sphingolip-

ids, whereas in diabetic CAD pa-

tients, the risk was mainly associated

with reduced cholesteryl ester spe-

cies (Figure 3). Because we noted that

factors like diabetes, smoking, and

lipid-lowering treatment among oth-

ers, could influence the expression of

the risk-associated lipids, we decided

to calculate ceramide and cerebro-

side ratios to check whether these

would be less dependent on different

patient characteristics while still in-

dicative of risk. It turned out that the

ratios of Cer(18:1/16:0)/Cer(18:1/

24:0) and Cer(18:1/22:0)/Cer(18:1/

24:0) were significantly related to increased risk of CVD

death in all subjects and subgroups. Cer(18:1/24:0)/

Cer(18:1/24:1) was indicative of a reduced risk of CVD

death, regardless of diabetes status (Figure 3). Impor-

tantly, odds ratios for CVD death of these ratios re-

mained significant after adjustment for traditional CVD

death risk factors, such as LDL-C (Table 2).

Predictive potential for CAD mortality was tested by

receiver-operating characteristic analysis for the ceramide

ratios and compared with LDL-C. The area under curve

Figure 3. Volcano heat map indicating molecular lipids and ceramide to ceramide ratio

differences between all studied stable CAD patients and high-risk CAD patients (A), differences

between stable CAD patients and vulnerable CAD patients with diabetes (B), and patients

without diabetes (C). Lipid concentrations in controls are taken as a reference; thus, positive

values correspond to higher values in cases vs controls.

Table 2. Unadjusted and Adjusted Odds Ratios for CVD Death of Ceramide Ratios

Lipid Odds Ratio OR per SD P Value

OR Second

Quartile

OR Third

Quartile

OR Fourth

Quartile

P Value

for Trend

Cer(d18:1/16:0)/Cer(d18:1/24:0) OR 1.90 (1.53–2.35) �.0001 1.36 (0.80–2.30) 2.45 (1.43–4.21) 4.52 (2.54–8.06) �.0001

Adjusted OR 1.62 (1.28–2.06) �.0001 1.49 (0.85–2.61) 2.42 (1.36–4.33) 2.99 (1.59–5.60) �.0001

Cer(d18:1/20:0)/Cer(d18:1/24:0) OR 1.82 (1.47–2.26) �.0001 1.63 (0.96–2.78) 3.65 (2.09–6.37) 3.82 (2.18–6.67) �.0001

Adjusted OR 1.50 (1.18–1.90) .0009 1.41 (0.81–2.47) 2.91 (1.61–5.28) 2.21 (1.18–4.15) �.0001

Cer(d18:1/24:0)/Cer(d18:1/24:1) OR 0.49 (0.39–0.61) �.0001 0.62 (0.34–1.14) 0.24 (0.13–0.42) 0.20 (0.11–0.35) �.0001

Adjusted OR 0.65 (0.50–0.83) .0003 0.89 (0.46–1.71) 0.43 (0.22–0.81) 0.40 (0.20–0.77) �.0001

Abbreviation: OR, odds ratio. Models adjusted for age, BMI, fasting glucose, HDL-C, LDL-C, C-reactive protein, triglycerides, and systolic and

diastolic blood pressure.

doi: 10.1210/jc.2013-2559 jcem.endojournals.org E49
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and 95% confidence limits were 0.67 (range 0.62–0.72)

for Cer(d18:1/16:0)/Cer(d18:1/24:0), 0.65 (range 0.60–

0.71) for Cer(d18:1/20:0)/Cer(d18:1/24:0), and 0.68

(range 0.63–0.73) for Cer(d18:1/24:0)/Cer(d18:1/24:1),

whereas for LDL-C, these values were 0.55 (range

0.50–0.61).

Loss-of-function mutation of PCSK9 gene

efficiently lowered risk-related lipids

Finally, the effect of lipid-lowering treatments on cer-

amides and cerebrosides associated with increased risk of

CVD death in statin-naïve subjects as well as on LDL-C

was evaluated (Figure 4). As a comparison basis, we used

the most significant lipids that separate the high-risk CAD

patients from stable CAD patients (Figure 4A).

For evaluation of ezetimibe and simvastatin effects on

these putative risk lipids we used plasma samples from a

randomized clinical trial comparing simvastatin 40 mg,

ezetimibe 10 mg, and their combination (Supplemental

Table 2). As expected, simvastatin 40 mg lowered LDL-C

significantly by 40%, and this reduction was accompanied

by a significant reduction (�25%) also in all ceramides

and cerebrosides recorded in this study (Figure 4C).

Ezetimibe treatment (10 mg) in turn lowered LDL-C by

21% but affected only very modestly the plasma levels of

CVD death-related lipid species (Figure 4B). In fact,

Cer18:1/18:0 and Cer18:1/20:0 concentrations were

slightly elevated in ezetimibe-treated subjects by 7.6% and

8.8%, respectively, whereas Cer18:1/16:0 levels remained

unchanged during this treatment. There was no statisti-

cally significant difference between treatment effects of

simvastatin alone or in combination with ezetimibe on

molecular lipids. However, combined treatment resulted

in significantly lower LDL-C levels than simvastatin or

ezetimibe alone (Figure 4D).

Drugs that inhibit PCSK9 are being developed as an

alternative to statin lipid-lowering therapy, and we stud-

ied the effects of PCSK9 inhibition on the risk lipids (Sup-

plemental Table 3). The effect was investigated by using

subjects with the PCSK9 allelic variants from the LURIC

patient population (Figure 4E). The PCSK9 loss-of-func-

tion mutation (R46L) resulted in a significant reduction of

ceramides indicative of CAD outcome risk comparable

with that observed in simvastatin-treated subjects. In-

terestingly, the mutation carriers had only modestly

lower LDL-C levels (12.9%) compared with major al-

lele carriers while being still efficient in risk lipid re-

duction. Furthermore, PCSK9 deficiency lowered the

reduced CAD outcome risk-associated Cer(18:1/24:0)

nonsignificantly by 6.4%, whereas simvastatin and sim-

vastatin-ezetimibe combination both resulted in signif-

icant (�25%) reductions.

Discussion

The present study demonstrates that specific molecular

lipid species are significantly associated with mortality in

CAD. Importantly, the predictive potential of distinct cer-

amides was superior to the currently used standard LDL-C

measurement, underscoring the value of molecular lipido-

mic analyses. Moreover, we show that these molecular

lipid species are highly influenced by the choice of lipid-

lowering treatment and that simple numerical LDL-C low-

ering per se is not necessarily translated to modulation of

all risk-associated lipid species.

In earlier experimental studies, ceramides and other

sphingolipids have been associated with the development

of atherosclerosis, and several enzymes in the ceramide

synthetic pathway have been tested as potential drug tar-

gets in animal models (19–21). The present study suggests

Figure 4. The effect of different LDL-C-lowering methods on CAD

outcome-related lipidomic markers. A, Lipid profile in high-risk vs

stable CAD patients. Results shown for top ranked CAD risk lipids,

LDL-C, and ceramide (18:1/24:0). Effect of ezetimibe (10 mg) (B),

simvastatin (40 mg) (C), simvastatin � ezetimibe (40 mg�10 mg), (D)

and PCSK9 loss-of-function mutation (R46L) (E) on CAD mortality risk

lipids.

E50 Tarasov et al Molecular Lipids Identify Cardiovascular Risk J Clin Endocrinol Metab, January 2014, 99(1):E45–E52
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that different molecular ceramides associate with CAD

outcome risk, and thus, they may play a significant role

also in plaque vulnerability in addition to development of

atherosclerotic disease. Notably, for some ceramide spe-

cies containing specific fatty acids, higher concentrations

were observed along the axis of glycosphingolipid path-

way (Figure 2) with no significant differences observed in

corresponding sphingomyelin species, although lower

concentrations of other ceramide species with longer-

chain fatty acids were reflected in lower concentrations of

the corresponding sphingomyelin. These findings together

with the fact that total sphingolipid levels remained un-

changed indicate that alteration in sphingolipid balance is

species dependent.

A role of the glycosphingolipid pathway in atheroscle-

rosis was previously suspected based on the following ob-

servations: lactosylceramide and glucosylceramide accu-

mulate in the atherosclerotic plaque (22), and both

lactosylceramide and glucosylceramide suppress produc-

tion of macrophage apoE and lead to an accumulation of

cholesterol in macrophage foam cells (23). Importantly,

inhibition of the glycosphingolipid pathway was previ-

ously shown to decrease atherosclerosis in mice (24). To

the best of our knowledge, our data for the first time link

specific molecular lipid species from the glucosphingolipid

pathway measured in human serum to CAD mortality. On

the other hand, a reverse association of long-chain cer-

amide and sphingomyelin d18:1/24:0 with CAD mortality

demonstrates the complexity of this disease, which is not

seen by analyzing the lipid classes alone. Further studies

are needed to evaluate the potential connections between

the ceramide species and thrombogenesis, fibrinolysis,

and plaque instability that may explain the observed link-

age between death from CVD reasons and molecular

ceramides.

Another main finding of this study is that two different

lipid-lowering drugs display distinct effects on the CVD

risk-associated plasma ceramides, beyond their LDL-C-

lowering effects. Simvastatin 40 mg resulted in a broad

lowering of all recorded ceramide and cerebroside species;

however, the magnitude of reduction was clearly lower

than that for LDL-C. On the other hand, we demonstrated

in this study that a very modest LDL-C effect due to

PCSK9 deficiency resulted in a larger proportional reduc-

tion in CAD outcome-related plasma ceramides. This sug-

gests that there is an interaction between the means of LDL

receptor (LDLR) up-regulation and the levels of circulat-

ing ceramides.

Both statins and PCSK9 inhibition increase LDLR-me-

diated hepatic lipid uptake, and it could thus be expected

that they result in similar lipid-lowering profiles. How-

ever, statins are acting indirectly via inhibition of 3-hy-

droxy-3-methylglutaryl coenzyme A reductase and inhi-

bition of this rate-limiting enzyme of the mevalonate

pathway has multiple effects on a number of genes related

to lipid metabolism in hepatocytes. This is due to subse-

quent activation of the sterol regulatory element binding

protein (SREBP)-1- and -2-mediated gene transcription

(25, 26). SREBP-2 activates LDLR synthesis, but SREBP-1

activation is related to fatty acid synthesis. PCSK9 inhi-

bition, in turn, may act more precisely on LDLR in hepa-

tocytes and thus may lead to more targeted lipid lowering

without more systemic effects on lipid metabolism. There-

fore, PCSK9 inhibition seems a promising lipid-lowering

method of choice from the plasma lipidomic point of view.

In particular, this is the case if this inhibition leads to

similar plasma lipidomic composition as the well-charac-

terized loss-of-function mutation.

Ezetimibe seemed to act only weakly on risk-related

ceramide species. However, these data are based on a

2-week intervention, and thus, the long-term effect must

await confirmation in longer studies. On the other hand,

Taylor et al demonstrated recently that in the Arterial Bi-

ology for the Investigation of the Treatment Effects of

Reducing Cholesterol-6 trial, ezetimibe treatment resulted

in a paradoxical progression of carotid intima-media

thickness in association with both greater LDL-C reduc-

tion and cumulative drug exposure (27). The authors con-

cluded that their findings may suggest the presence of off-

target actions of ezetimibe. Based on our current results,

one could hypothesize that the paradoxical effect on ca-

rotid intima-media thickness is due to the minimal effects

on ceramides despite the substantial LDL-C-lowering

effects.

This study suggests that LDL-C and traditional risk

factors provide only limited predictive information on fa-

tal CVD complications in patients with established CAD.

However, molecular lipid assays can be used to improve

the identification of CAD patients at high risk, and such

assay results may also serve as better efficacy indicators for

lipid-modifying drugs. It is important to note that al-

though traditional risk scores are developed for the gen-

eral population, for the purpose of this study, we selected

only diseased patients and investigated association of lip-

ids with stable or unstable disease. As a result, both patient

groups were at high risk from the start of the follow-up as

indicated by Framingham and European risk score values.

A limitation of our study is that only male subjects from

only one cohort were evaluated. We selected men for re-

ducing variability in the data because atherosclerotic de-

velopment is gender specific (28), and traditionally risk

scores are evaluated separately for men and women (17,

18). Thus, our results should be validated in an indepen-

dent large cohort and extended to women. In the present
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work, the statin effect was evaluated in healthy male sub-

jects treated for 2 weeks. Longer exposure time, greater

subject numbers, and possibly study in patients with CAD

will be needed to further understand the dynamics of mod-

ulation of the risk lipids.
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