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Abstract It is widely assumed that acute benefit of statin
therapy is mediated especially by non-lipid effects. The
immediate influence of statins on lipid levels in patients
with acute coronary syndrome (ACS) is, however, not
clear. A total of 64 consecutive patients with ACS were
randomized at admission to fluvastatin 80 mg (Group 1,
N =32) or standard therapy without statin (Group 2,
N = 32). The levels of total cholesterol (TC), low-density-
lipoprotein cholesterol (LDL-C), high-density-lipoprotein
cholesterol (HDL-C), and triglycerides (TG) were exam-
ined at admission and after 24 h. Baseline characteristics
were comparable in both groups. In Group 1, fluvastatin
significantly decreased the levels of TC by 14.5%, LDL-C
by 17.2%, and HDL-C by 10.0% (P < 0.001); TG were not
influenced. In Group 2 only marginal reductions in TC (by
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4.1%, P =0.03) and HDL-C (by 7.5%, P < 0.01) were
detected; the levels of LDL-C and TG were not changed.
As compared with Group 2, in Group 1 the final levels of
TC (P =0.02) and LDL-C (P = 0.01) were significantly
lower. Fluvastatin therapy, when started at admission in
patients with ACS, significantly reduces TC and LDL-C
already after 24 h. We suggest that the lipid-lowering ef-
fect of statins in the therapy of ACS is probably as prompt
as non-lipid effects.

Keywords Fluvastatin - Statin - LDL-Cholesterol -
Cholesterol - Acute Coronary Syndrome - Myocardial
Infarction - Unstable Angina Pectoris

Introduction

3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors (statins) lower serum cholesterol by
suppression of its endogenous synthesis. Statins are,
therefore, successfully used in patients with high blood
lipids and clinically manifested atherosclerosis worldwide.
There is a strong evidence demonstrating their efficacy and
thus supporting their use in both primary and secondary
prevention of coronary artery disease for reduction of
mortality and nonfatal cardiovascular events [1-3]. A
number of authors concur, however, that this effect can be
only partially explained by the lipid-lowering mechanisms.
During the past decades substantial effort was exerted in
the investigation of the non-lipid-mediated actions of sta-
tins, referred to also as “pleiotropic effects”. It has been
found that besides the lipid-lowering activity, statins exert
also anti-inflammatory, antithrombotic, and antioxidant
effects, increase nitric oxide (NO) production or improve
endothelial dysfunction [4].
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Recently, marked progress has been achieved also in the
understanding of pathogenesis of the acute coronary syn-
drome (ACS). Several pathways participating in the
development of unstable coronary plaque may be simul-
taneously influenced by statins. Extension of our knowl-
edge of the “pleiotropic effects” of statins together with
the increasing understanding of pathogenesis of ACS
shifted the initiation of the statin therapy closer to the onset
of symptoms [4, 5]. However, recent experimental studies
[6-8], similarly as the first clinical trials [9-11], have
brought promising results, supporting the idea of the car-
dioprotective effect of statin administration not only in the
early-initiated secondary prevention but also in the first-
line therapy of ACS. Pleiotropic effects of statins, mainly
rapid suppression of the inflammatory reaction, have been
suggested by a number of authors as the major mechanism
of the beneficial role of statins in the therapy of ACS [5,
12—15]. Pushing the statin research under the condition of
ACS toward the non-lipid effects led, however, to mar-
ginalization of the lipid-lowering issue in ACS. Despite the
fact that cholesterol lowering is a generally accepted
mechanism of plaque stabilization and the cholesterol level
is still the major target for statin therapy, the acute effect of
statins on the lipid levels in ACS has not yet been inves-
tigated. The aim of the present study was, therefore, to
analyze the acute effect of statin on lipid levels in patients
with ACS.

Methods
Subjects

The study protocol was approved by the institutional ethics
review committee and written informed consent was ob-
tained from all participating patients. A total of 64 con-
secutive patients admitted to the Coronary Care Unit for
ACS were enrolled to this study. Eligible patients with ST
elevation ACS had rest chest pain less than 12 h before
admission and =1 mm ST-segment elevation in two or
more continuous leads or new left bundle branch block on
ECG. Eligible patients with non-ST elevation ACS had rest
chest pain during the past 24 h and 21 mm ST segment
depression or negative T waves in two or more continuous
leads. Exclusion criteria were: concomitant active liver
disease or known persistent elevation of transaminases
more than three times above the upper limit, history of lipid
lowering therapy less than 30 days before the index event,
known allergy for fluvastatin or any present additives in the
drug, disability of oral drug administration, pregnancy or
nursing, women of fertile age without effective contra-
ception, suspicions of muscle disease, such as myositis, and
subjects younger than 18 years.

@ Springer

Following signed informed consent, blood samples were
taken for examination of total cholesterol (TC), triglyce-
rides (TG), low-density-lipoprotein cholesterol (LDL-C),
and high-density-lipoprotein cholesterol (HDL-C), as well
as for routine laboratory investigation including troponin I,
and patients were randomized in blocks to 80 mg fluvast-
atin (Lescol XL, Novartis, Switzerland) (Group 1, n = 32)
or standard therapy (Group 2, n = 32). Exactly 24 h after
admission, blood samples were taken for estimation of the
final levels of TC, TG, LDL-C, and HDL-C. All patients
underwent urgent coronary angiography and percutaneous
coronary intervention, if necessary. Standard therapy in-
cluded aspirin, heparin or low-molecular-weight heparin,
and clopidogrel in all patients, nitrates, beta-blockers, and
angiotensin-converting-enzyme inhibitors according to the
clinical conditions. With the exception of fluvastatin in
Group 1, no other lipid-lowering drug was administered
during the first 24 h.

Laboratory assays

Non-fasting blood lipid levels were analyzed before ran-
domization and after 24 h. TC, LDL-C, HDL-C, and TG
levels were directly measured with a calibrated Advia 1650
automatic analyzer system (Bayer, Germany). Troponin I
was assayed by an automated monoclonal-antibody solid-
phase sandwich-type enzyme immunoassay on the Centaur
instrument (Bayer, Germany).

Statistical analysis

The values are expressed as means + standard error (SE).
Statistical comparison of the groups was performed by the
t-test, Fisher’s exact test, and Mann Whitney test for
baseline characteristics, paired two-tailed #-test for intra-
group analysis of lipid level differences, and unpaired two-
tailed r-test for inter-group analysis of lipid levels.
P < 0.05 was considered to be statistically significant.

Results

A total of 64 patients were enrolled and all completed the
study. No significant side effect of fluvastatin was regis-
tered. Baseline characteristics are shown in Table 1: study
groups were comparable with respect to the age, gender,
history of CAD, diabetes, hypertension, hyperlipoprotein-
emia, smoking status, type of ACS, maximum troponin I
level, and the number of stenosed coronary arteries
(Table 1). Also baseline lipid levels were not significantly
different between the groups. In Group 1, single-dose,
80 mg fluvastatin therapy significantly decreased the levels
of TC (by 14.5%), HDL-C (by 10.0%), and LDL-C
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Table 1 Baseline characteristics

Group 1 Group 2 P-value
(n=32) (n=32)
Age 62.8 +2.3 60.3 £ 2.6 0.48
Gender (male, %) 71.9 75.0 0.78
History of (%):
CAD 21.9 18.8 0.76
Diabetes 12.5 9.4 0.69
HTN 43.8 46.9 0.81
HLP 6.2 3.1 0.56
Smokers (%) 46.9 56.2 0.46
STE ACS (%) 68.8 62.5 0.61
NSTE ACS (%) 31.2 37.5 0.61
Troponin I max. (pug/l)  158.8 + 48.2 151.7 £ 27.5 0.90
No. of diseased vessel 1.73 £ 0.17 1.81 £0.16 0.72

Values are expressed as mean + SE if not indicated differently. Group
1, patients randomized to fluvastatin; Group 2, patients randomized to
no statin; CAD, coronary artery disease; HTN, hypertension; HLP,
hyperlipoproteinemia; STE ACS, acute coronary syndrome with ST
elevation; NSTE ACS, acute coronary syndrome without ST eleva-
tion. Age and troponin levels were analyzed by the r-test, No. of
diseased vessels was analyzed by the Mann Whitney test, all other
characteristics were analyzed by Fisher’s exact test

(by 17.2%), whereas the levels of TG remained unchanged
(Table 2). In Group 2, marginal but statistically significant
reduction of TC and HDL-C (by 4.1% and 7.5%) was de-
tected and, additionally, a trend to decrease LDL-C and to
increase TG was observed (Table 2). As compared with
Group 2, the final level of TC was significantly lower in
Group 1 (difference between means: 23.6 mg/dl (11.4%),
95% confidence interval: 3.5-43.3, P = 0.02) and LDL-C
(difference between means: 21.7 mg/dl (15.3%), 95%

Table 2 Change in lipid levels from baseline to final measurements

21
250
*
2001 7
:
150 -
il T
o)) T
E 100 4
50
0 ‘ }- ‘

TC LDL-C HDL-C TG
[1Group 1 EGroup 2

Fig. 1 Lipid levels 24 h after randomization. In Group 1, patients
were randomized at admission to 80 mg fluvastatin; in Group 2, no
statin therapy was administered during the first 24 h; TC, total
cholesterol; LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; TG,
triglycerides; *P = 0.02; P = 0.01

confidence interval: 5.0-37.9, P = 0.01); the final levels of
HDL-C and TG were comparable (Fig. 1).

Discussion

Our study shows that a single dose of 80 mg fluvastatin,
when administered at admission, reduced TC and LDL-C
in patients with ACS within 24 h. To our knowledge, this is
the first clinical study showing an immediate effect of
statins on the blood lipids in patients with ACS.

We realized that the analysis of non-fasting lipids rep-
resents a non-standard measurement. The assessment of
non-fasting lipids was, however, used also in other studies
focusing on the rapid effect of statins [16]; we have not
observed TG levels high enough to interfere with the
analysis of other lipid parameters. Possible further limita-
tions include also the open-label design and the relatively

0 24 Diff (95% CI) Diff % P-value
Group 1
TC 214.8 £ 8.5 1834 £ 7.0 -31.3 (-37.5 to -24.8) -14.5 <0.001
LDL-C 145.1 £ 74 120.0 £ 6.2 -25.2 (-30.6 to —19.4) -17.2 <0.001
HDL-C 47.6 £2.3 43.0+19 —4.6 (7.0 to -2.7) -10.0 <0.001
TG 154.2 £ 24.8 162.1 + 20.4 9.7 (-21.3 to 39.9) +5.0 0.53
Group 2
TC 215.6 £ 7.0 207.0 £ 7.0 9.3 (-17.8 to -1.2) -4.1 0.03
LDL-C 1474 £ 6.2 141.6 £ 5.8 -5.8 (-12.0 to 0.4) -39 0.07
HDL-C 499 +23 46.1 =19 -3.9 (-6.2 to -1.5) -1.5 <0.01
TG 1515 =124 176.3 £ 14.2 25.7 (0.9 to 52.3) +16.6 0.06

Values in mg/dl are expressed as mean + SE. Group 1, patients randomized to fluvastatin; Group 2, patients randomized to no statin; 0, baseline
measurement; 24, final measurement 24 h after randomization; diff, change from baseline to final level; TC, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides
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low number of participants; moreover, in ACS patients,
there are marked “spontaneous” changes in blood lipids
during the first 24 h, probably as a consequence of stress
conditions, resulting in a wide range of measured levels.

Our results are in accordance with several recently
published studies demonstrating the lipid-lowering effect
of statins in only several days: Michelena et al. [16]
reported reduction of TC and LDL-C after 3 days of
high-dose simvastatin therapy in stable patients with a
high-risk for coronary events; similarly, decreased TC
and LDL-C after one-week therapy with atorvastatin was
observed by Zhou et al. [15] in patients with ACS and
Marchesi et al. [17] in hypocholesterolemic women;
furthermore, Li et al. [18] found decreased TC and LDL-
C after a two-week therapy with simvastatin in patients
with hypercholesterolemia. On the other hand, Tsuneka-
wa et al. [19] did not observe any difference in blood
lipids after a three-day therapy with cerivastatin in el-
derly diabetic patients; this discrepancy can be at least
partly explained by the low dose of cerivastatin
(0.15 mg/day) as well as by different patient character-
istics.

During the past 5 years, large, randomized clinical
trials were published, showing safety and in some points
also efficacy of statin therapy, started several days after
ACS [20-28]. A possible beneficial effect of statins,
when administered soon after the beginning of symptoms
of ACS, i.e., in the first-line therapy, has been shown
recently by our group [9] and others [6-8, 10, 11]. This
effect has been at least partly explained by rapid anti-
inflammatory activity of statins [9, 11], as well as an
increased production of NO [6, 7]. Our present results
suggest, however, that besides the acute “pleiotropic ef-
fect” statins exert also an immediate classical, lipid-
lowering effect. Obviously, this study cannot answer the
question whether rapid reduction of TC and LDL-C
during the first day of hospitalization for ACS may result
in plaque stabilization and improved prognosis; it points
out, however, that cholesterol lowering has to be taken
into consideration.

It may be concluded that statins, when administered in
the first-line therapy of ACS can have a beneficial effect
caused not only by decreased inflammation and increased
production of NO, but also by reduction in TC and LDL-C;
large, controlled clinical trials are, however, required to
confirm this hypothesis; some are already under way [29].
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