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Correlation of lipoprotein (a) concentration
with the extent of coronary artery disease
in patients on lipid lowering therapy
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Abstract OBJECTIVES: Lipoprotein (a) [Lp(a)], together with other serum lipoproteins
have an important role in the pathogenesis of coronary heart disease. The objec-
tive of the study was to assess the association between plasma levels of Lp(a) with
the extent of angiographically defined coronary artery disease (CAD).

PATIENTS AND METHODS: A total of 518 consecutive patients (66 % males)
underwent coronary angiography in connection with lipids and lipoprotein
determinations between 1st January and 31st May 2010. Most of the patients were
treated with lipid lowering therapy (77 % statins). Modified angiographic Gensini
Score (GS) and adjusted angiographic score (AS) were used to reflect the extent of
coronary atherosclerosis.

RESULTS: Both GS and AS angiographic scores correlated significantly with age,
male gender, statin therapy and inversely with left ventricular ejection fraction
(p<0.05-0.01 for all). The results showed significant inverse correlation of HDL
cholesterol levels with GS and AS (r=-0.16, p<0.001), and apolipoprotein A levels
with GS and AS (r=-0.20, p<0.0001) and a positive correlation of Lp(a) levels
with angiographic score (r=0.13, p<0.01) and with adjusted angiographic score
(r=0.16, p<0.01). Regression analysis showed only Lp(a) concentration was an
independent lipid factor that correlated with the extent of CAD.

CONCLUSION: Only Lp(a) levels correlated with the extent of coronary artery dis-
ease as assessed with coronary angiography in patients treated with lipid lowering

therapy.
Abbreviations: GS - Gensini angiography score
AS - adjusted angiography score HDL - high-density lipoprotein
Apo A - apolipoprotein A | HN - hypertension
Apo B - apolipoprotein B 100 HR - resting heart rate
bpm - beats per minute LDL - low-density lipoprotein
CAD - coronary artery disease Lp(a) - lipoprotein (a)
DBP - diastolic blood pressure LV EF - left ventricle ejection fiction
DM - type 2 diabetes mellitus SBP - systolic blood pressure
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INTRODUCTION

Lipoprotein (a) [Lp(a)], together with other blood
lipids and lipoproteins have an important role in the
pathogenesis of coronary heart disease. Concentra-
tion of Lp(a) is an independent risk factor for coronary
artery disease (CAD) (Dahlen et al. 1986, Marcovina et
al. 1996, Morrisett 2000). Lp(a) consists of a low den-
sity lipoprotein (LDL) particle linked with a specific
apolipoprotein(a) [apo(a)] glycoprotein, which is struc-
turally similar to plasminogen. This similarity accounts
for some of the unique characteristics of Lp(a), such
as its prothrombogenic effect and the ability to impair
thrombolysis (Ganne et al. 1999, Soulat et al. 1999).

Several studies have established the positive cor-
relation between serum LDL cholesterol levels, serum
triglyceride levels and the severity of coronary athero-
sclerosis and the negative correlation thereof with serum
HDL cholesterol levels. On the other hand, the effect of
elevated serum levels of Lp(a) on the extent of coronary
artery disease [CAD] remains largely disputed. Never-
theless, there has been an ongoing debate concerning
the correlation between Lp(a) serum levels and the
actual extent and severity of CAD based on angio-
graphic assessment. Some studies have demonstrated a
significant correlation, but others have not (Budde et
al. 1994, Wilson et al. 1999, Nguyen et al. 1997). Par-
ticularly interesting are findings suggesting that Lp(a)
is more strongly associated with the presence of CAD
in women compared to men (Frohlich et al. 2004).

Various scoring systems for CAD extent and severity
and different selection criteria for participating patients
were used in these studies, which makes reaching a con-
sensus all the more difficult.

The objective of the study was to assess the asso-
ciation between serum levels of Lp(a) and other blood
lipids with the extent of angiographically defined CAD
in the non-selected patients cohort from a real life set-
ting who were referred for a coronary angiography.

MATERIAL AND METHODS

Patients were recruited amongst individuals under-
going selective coronary angiography for evaluation
of suspected ischemic heart disease. A total number
of 518 consecutive patients (66% males) underwent
coronary angiography in connection with blood lipids
and lipoproteins determinations between 1st January
and 31st May 2010 at the Cardiovascular Center, Na
Homolce Hospital. Most of the patients were receiving
lipid-lowering therapy or were on a low-lipid diet. All
subjects were at high risk of cardiovascular event and
288 (56%) of patients had history of coronary artery
disease. Patients with acute coronary syndromes (acute
myocardial infarction, unstable angina pectoris) were
not included.

Coronary angiograms were obtained by the standard
techniques with multiple aspects and recorded and

independently reviewed by experienced interventional
cardiologists. The angiograms were defined as to the
number of vessels involved (0, 1, 2 or 3) and as to the
severity of lesions, namely greater or smaller than 50%
lumen obstruction. A modified angiographic Gensini
Score (GS) and adjusted angiographic score (AS) were
used to reflect the extent of coronary atherosclerosis.

Blood lipids and lipoproteins were determined
from the venous blood samples obtained on the day of
coronary angiography in the morning after overnight
fasting at the Department of clinical biochemistry, hae-
matology and immunology, Na Homolce Hospital. Bio-
chemical analyses were realized on the analyser Unicel
DxC 800 (Beckman Coulter company, Germany).

Concentration of total cholesterol, LDL choles-
terol, HDL cholesterol was measured in plasma using
homogenous elimination determination with a specific
detergent. Plasma concentrations of triglycerides were
determined by enzymatic colorimetric test (method
GPO-PAP).

Concentrations of apolipoprotein Al, apolipoprotein
B100 and lipoprotein (a) were measured in serum by
immunoassay — nephelometry. Glucose concentration
in plasma was determined by Glucose Oxidase Method
(oxygen consumption measured with method by Clark).

Vital signs were obtained following patients " hospital
admission after 10 minutes rest in the sitting position,
while heart rate was recorded from 12-leads electrocar-
diography in the supine position.

Left ventricle ejection fraction was measured by dual
mode echocardiography on a GE Vivid 7 Ultrasound
Machine with 5S 2.2 5.0 MHz, High Resolution Adult
Cardiac Phased Array Sector using area-length method.

Lipid-lowering therapy information was obtained
from patients” medical history. Statin therapy was used
in 397 (77 %) patients as a monotherapy. No other lipid-
lowering drug class was used. The dose of statins was
recalculated to equivalent atorvastatin dose according
to a method based on a study by Law (Law et al. 2003).
Mean statin dose of the patients treated with lipid-low-
ering therapy was 24 mg (1-80 mg range). Antiplatelet
therapy was used in 296 (57%) patients and 34 patients
(7%) were receiving anticoagulation therapy.

Mean age of the subjects was 66 years (range 30-89),
mean body mass index was 29.41 kg/m? . Other char-
acteristics, including laboratory results, are shown in
the Table 1. For the statistical analysis, the two sample
t-test with unequal variances, Spearman’s correlation
coefficient and stepwise logistic regression were used.
Correlations were calculated in the total patients cohort
(n=518) and separately in the subgroup of subjects
treated with lipid-lowering therapy (n= 397, 77%).

RESULTS

Both GS and AS angiographic scores correlated
significantly with age, male gender, statin therapy
and inversely with left ventricular ejection fraction
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(p<0.01-0.05 for all). The results showed a signifi-
cant inverse correlation of HDL cholesterol levels with
GS and AS (r=-0.16, p<0.001), and apolipoprotein A
levels with GS and AS (r=-0.21, p<0.0001) and a posi-
tive correlation of Lp(a) level with angiographic score
(r=0.13, p<0.01) and with adjusted angiographic score
(r=0.16, p<0.01).

The significant correlation was found both in the
total patients population (n=518), and in the subgroup
of subjects treated with lipid-lowering therapy (n=397)
(Table 2).

Stepwise logistic regression showed that only Lp(a)
concentration was an independent lipid factor correlat-
ing with the extent of CAD defined as an adjusted angi-
ographic score (partial correlation 0.1786, p=0.002).

We compared lipid profile and other parameters
between the group of patients without coronary artery
disease (GS=0: CAD-, n=172) and with (GS>0, CAD*,

Lipoprotein (a) and coronary artery disease

patients with and without coronary artery disease are
shown in the table (Table 3).

We compared lipid profile and correlation of lipid
and lipoprotein levels with angiography scores between
male and female patients. The mean Lp(a) concentra-
tion was 307.3 mg/l in men and 282.8 mg/l and the dif-
ference was not statisticaly significant. The differences
of other blood lipids concentrations between men and
women were not significant too. We found no signifi-
cant differences in correlation of lipid and lipoprotein
levels with angiography scores between male and
female patients.

Tab. 2. Results - correlation of clinical and lipid parameters with
angiography scores in the subgroup of subjects treated with statins
(n=397).

n=346) coronary artery disease. Among (CAD~) 56% . . GS GS AS AS
(n=96) of patients were taking statin therapy, while 87% r p-value r p-value
(n:301) in (CAD+) were using lipid—lowering therapy. Age 0.156 0.0004 0.153 0.0006
The difference in lipid profile and other parameters in Male gender 0197 <0.0001 0194 <0.0001
LV EF -0.260 0.154 -0.270 0.014
HR -0.097 0.030 -0.093 0.037
Tab. 1. Patients characteristics - categorical and continuous Statin dose 0.21 <0.0001 0.212 <0.0001
variables Cholesterol -0.130 0.0023 -0.140 0.0016
Parameter N:nn;l::r/ Propglr)tion/ Min  Max LDL chol -0.140  0.0016  -0.146 0.001
HDL chol -0.157 <0.001 -0.151 <0.001
Male gender 342 66 %
9 k Apo A 10261 <00001  -0.196  <0.0001
HN 199 39 %
i Apo B -0.024 0.630 -0.025 0.608
0,
il 141 27% Lp(a) 0.134 0.007 0.159 0.002
Glucose >5.6 <7.0 mmol/I 218 42 % Glucose 0.12 0.007 0.109 0.014
Smokers 199 39%
) r-Spearmann’s correlation coefficient; p - level of significance
Statin 397 77 %
Atorvastatin 313 66 %
SBP mmHg 142.08 16.64 90 210 Tab. 3. Difference in lipid and other parameters in patients with
DBP mmHg 83.04 0.73 50 123 and without angiographicaly proven coronary artery disease.
CAD(-) CAD (+)
HR bpm 70.76 1433 4 1 (n=172) (n=346)  p.yalue
LV EF % 57.89 14.63 15 91 Mean ) Mean SD
Glucose mmol/l 666 213 327 2045 cpojesterolmmol/l 469 085 443 119 0.003
Cholesterol mmol/! 4.52 105 22 904\ p chol mmolil 281 063 259 082 0004
LDL chol mmol/ 266 088 074 589 bl chol mmol/ 114 011 108 013 0034
HDL chol mmol/l 1.09 035 034 319 ridiyceridesmmoll 139 070 152 124 007
Triglycerides mmol/I 1.50 1.06 03 11.26 Apo B g/ 0.92 0.05 0.88 0.06 0.04
Apo B g/l 1.09 0.90 0.39 281
poBg/ Apo A g/l 152 005 144 005 0.0002
Apo A g/l 1.46 0.23 0.77 262
poAg/ Lp(a) mg/! 246 765 301 129 0.09
Lp(a) mg/I 282.01 334.01 18 1780
pl@) mg Glucose mmol/l 627 308 677 488  0.003
Statin — number of patients receiving statin therapy Statin dose 982 1169 2268 1803 0.003
Min - minimum value; Max - maximum value
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DISCUSSION

In 518 patients referred for coronary angiography, HDL
cholesterol and apolipoprotein A level (inverse cor-
relation) and Lp(a) concentration correlated with the
extent of coronary artery disease as assessed with angi-
ography scores. These correlations were significant also
in the subgroup of patients treated with statin therapy
(n=397), and the stepwise logistic regression showed
that Lp(a) level was the only important and significant
lipid parameter associated with the extent of CAD.

Prospective studies demonstrated a clear association
between Lp(a) and the risk of coronary artery disease
(Danesh et al. 2000). There were several studies inves-
tigating the relation of Lp(a) with the severity of CAD.
The study by Dangas et al. (1999) was the first to report
an association between Lp(a) and totally occluded cor-
onary arteries and association of Lp(a) with the clini-
cal syndrome of unstable angina. The simple scoring
system for coronary angiograhic findings was used in
that study (non-obstructive, obstructive disease, occlu-
sions). In our study, patients with unstable angina pec-
toris (acute coronary syndromes) were not included.
We used a more precise scoring system, which was pre-
viously described in a study by Hamsten et al. (1986). In
a study by Tarchalski et al. (2003), a modified angiogra-
hic Gensini Score was used to reflect the extent of coro-
nary atherosclerosis. That study was one of many others
showing a significant inverse correlation of HDL cho-
lesterol levels with the extent of CAD. Unfortunately,
Lp(a) levels were not determined in that study. Another
study by Zampoulakis et al. (2000) showed association
of Lp(a) and the number of diseased coronary vessels.
Furthermore, it showed that elevated Lp(a) predisposed
to the extent of CAD and total occlusion but not to
the severity of lesions. A similar investigation was per-
formed by Gupta et al. (1996), who reported difference
in Lp(a) levels between subjects with normal coronar-
ies and subjects with mild, moderate and severe CAD,
when the severity of CAD was defined as a number of
involved vessels and severity of artery narrowing.

We also compared lipid profile and other param-
eters between group of patients with angiographically
defined CAD (+) and without CAD (-) artery disease.
Our results are somewhat different from previous
observations, where Lp(a) level was significantly higher
in patients with CAD (+) compared to those without
CAD (-) (Frohlich et al. 2004).

We found no significant differences of blood lipids
and lipoprotein levels and correlation of lipids and lipo-
protein levels with angiography scores between male
and female patients too.

As expected, other lipid and lipoprotein levels
(including cholesterol, LDL chol, HDL chol, and apo-
lipoprotein A and B) were significantly lower in CAD
(+) compared to CAD (-). Only mean glucose concen-
tration and triglyceride levels were higher in CAD (+)
subjects. This finding might be explained by the pro-

portion of subjects treated with lipid lowering therapy
with statins in these subgroups: more patients (87%)
in CAD (+) were treated with statins than in CAD (-)
(56%) and had significantly different statin dose. The
difference in the treatment is difficult to explain. This
finding might be caused by different approaches to the
therapy among referring physicians. It is possible that
subjects considered to be at a higher risk of a cardiovas-
cular event were using higher doses.

We conclude, that Lp(a) concentration was an inde-
pendent lipid factor that correlated with the extent of
CAD as assessed with coronary angiography scores in
subjects treated with the most effective lipid-lowering
therapy — statins. It is well known, that compared with
other blood lipids (e.g. LDL cholesterol), Lp(a) is rela-
tively refractory to life-style and drug interventions.
There are limited and variable data on the effects of
statins and fibrates on Lp(a) levels. Only studies with
niacin reported Lp(a) level reduction by 30-40% in a
dose dependent manner. Randomized, controlled trials
designed to detect selective reduction of Lp(a) concen-
trations to reduce the risk of cardiovascular disease are
needed (Nordestgaard et al. 2010).
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