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Abstract

Background and Objectives Statins (HMGCoA-reductase
inhibitors) produce numerous non-lipid related, ‘pleiotro-
pic’ effects. Our aim was to investigate whether simva-
statin treatment affects serum levels of vascular
calcification inhibitors, such as fetuin-A, osteoprotegerin
(OPG) and osteopontin (OPN), in patients with coronary
artery disease (CAD).

Methods A total of 98 statin-free patients with angio-
graphically proven, newly diagnosed CAD were treated
with simvastatin (2040 mg daily) for 6 months to target a
low-density lipoprotein (LDL) level <100 mg/dL (the
statin group [SG]). Thirty-five age- and sex-matched
healthy individuals without any chronic metabolic or car-
diovascular disease at baseline served as a healthy control
group (HCG). Clinical, anthropometrical and metabolic
parameters and serum fetuin-A, OPG, OPN and high-sen-
sitivity C-reactive protein (hsCRP) levels were assayed at
baseline in all participants and after 6 months only in SG
patients.

Results Compared with HCG subjects at baseline, SG
patients exhibited higher serum levels of OPG
(7.39 £ 2.94 pmol/L. vs 2.47 + 1.15 pmol/L, p < 0.001),
OPN (60.99 £+ 17.52 ng/mL vs 45.45 %+ 10.26 ng/mL,
p = 0.005) and hsCRP (4.66 £+ 1.74 mg/L. vs 1.58 &+
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0.56 mg/L, p < 0.001) as well as lower serum levels of
fetuin-A  (0.222 £ 0.036 pg/L vs 0.839 & 0.092 pg/L,
p < 0001). Apart from significantly reducing plasma total
cholesterol and LDL, simvastatin also reduced serum levels
of fetuin-A (by ~62.6 %), OPG (by ~47.2 %), OPN (by
~44.6 %) and hsCRP (by ~453 %) (p < 0.05) in SG
patients. In standard multiple regression analysis, the
simvastatin-induced reduction in fetuin-A was indepen-
dently associated with changes in total cholesterol (f =
—0.289, p = 0.048) and LDL (f = —0.302, p = 0.032)
(R* = 0.305, p = 0.040).

Conclusion Patients with CAD showed derangements in
serum levels of all vascular calcification inhibitors com-
pared with those in healthy controls. Simvastatin treatment
for 6 months significantly decreased serum fetuin-A, OPG
and OPN levels, but the clinical relevance of this requires
further investigation.

1 Introduction

Osteopontin (OPN) and osteoprotegerin (OPG) constitute
physiologically potent inhibitors of vascular calcification,
highly expressed at macrophage- and foam cell-rich sites
within atherosclerotic plaques [1]. Elevated serum levels of
OPN and OPG have shown an independent association
with cardiovascular diseases (CVDs) [2, 3]. Most, but not
all, researchers have demonstrated considerable downreg-
ulation of OPN and OPG serum levels after statin (HMG-
CoA-reductase inhibitor) therapy, related to beneficial
changes in carotid plaque morphology [4, 5].

In addition to OPN and OPG, fetuin-A, a liver-derived
inhibitor of calcification, has been inversely associated
with arterial stiffness [6] and cardiovascular morbidity and
mortality [7]. Most, but not all, prospective studies have
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suggested low serum fetuin-A as a valid predictor of cor-
onary artery disease (CAD) incidence, severity and related
mortality [8-10]. Those discordant findings do not address
the question of whether fetuin-A constitutes a causative
factor or a bystander in CAD development. Moreover, the
precise mechanisms of fetuin-A involvement in CAD
remains elusive. Unfortunately, there are extremely limited
data about the pharmaceutical modification of fetuin-A.

Statins are the most effective and well-tolerated agents
for treating dyslipidaemia in CAD [11]. They are recog-
nized as first-line therapy for primary and secondary pre-
vention of CAD and have been shown to reduce
cardiovascular morbidity and mortality in large trials [12].
Moreover, statins show ‘pleiotropic’ effects, like anti-oxi-
dative and anti-inflammatory effects [13, 14]. All patients
with CAD should be evaluated as candidates for statin
therapy as part of a multidisciplinary approach to reduce
cardiovascular risk.

In this short-term study, we assessed the effect of
6-month therapy with simvastatin on serum levels of fet-
uin-A, OPG and OPN in patients with newly diagnosed
CAD.

2 Subjects and Methods
2.1 Subjects and Study Design

This prospective clinical study was conducted between
January 2009 and March 2011. In our study we enrolled the
following two groups:

(1) Statin group (SG): Statin-free patients with CAD
were recruited to receive simvastatin therapy for 6 months.
The simvastatin dose was gradually uptitrated (from 20 mg
to 40 mg per day) targeting a low-density lipoprotein
(LDL) level <100 mg/dL. Participants were considered
eligible if they had just been diagnosed with stable CAD on
coronary angiography. All participants underwent coronary
angiography performed by experienced cardiologists.
During analysis, investigators of the study were unaware of
patients’ clinical and biochemical data. CAD was defined
as angiographically proven stenosis of 50 % or more of the
luminal diameter in a major epicardial coronary vessel,
without a recent acute coronary syndrome (ACS). Eligible
patients who underwent coronary angioplasty received a
dual anti-platelet regimen (aspirin plus clopidogrel). The
rest of the patients received constant anti-platelet mono-
therapy (aspirin or clopidogrel in the case of aspirin contra-
indications) after angiography. The exclusion criteria were
lipid-lowering therapy for at least 2 months before coro-
nary angiography, liver impairment (alanine aminotrans-
ferase [ALT] >2.5 times higher than the upper normal
limit), acute or chronic renal failure (creatinine level
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>2.0 mg/dL), acute cerebrovascular ischaemic attack or
ACS within the preceding 12 months, evidence of alcohol
abuse, hypothyroidism, osteoporosis, myopathy, significant
body-weight changes during the last 2 months prior to
study entry, malignancies, acute or chronic infectious dis-
ease and any kind of immune-mediated disease. Concom-
itant anti-hypertensive or hypoglycaemic medications were
maintained unaltered during this study, unless it was
deemed medically necessary for better glucose and arterial
pressure control.

(2) Healthy control group (HCG): A cohort of 35 indi-
viduals without any chronic metabolic disease, CVD or
overt cardiac-origin symptoms served as controls at base-
line. Healthy volunteers were selected from a pool of vis-
itors to our hospitals for preventive check-ups and they
were matched for age and sex with CAD patients by a 2:1
ratio. The exclusion of CVD was based on a complete
medical history, comprehensive physical examination,
electrocardiography and echocardiography. Half of them
had previously, within the last year, undergone a functional
ischaemic test. Healthy controls were free from any long-
term medication or any acute infection.

Instructions for smoking cessation were provided to
both groups at baseline. The present study was conducted
in compliance with the Declaration of Helsinki and was
approved by the local ethics committee. The study proce-
dure and goals were explained to the participants approved
for entry into the study, who then signed an informed
consent form.

2.2 Clinical and Echocardiographic Evaluation

A medical history of smoking habits, diabetes mellitus,
hypertension and current medications was reported at
baseline and at the end of the study. At the same time
points, we measured blood pressure (BP) and body-mass
index (BMI) in both groups. In particular, BP was mea-
sured twice, after keeping all participants in a sitting
position for 15 min. There was a 5 min interval between
the two measurements and the mean value was estimated
for study purposes. The diabetes mellitus diagnosis was
based on American Diabetes Association criteria [15].
Hypertension was considered when patients reported more
than two home measurements of BP higher than
140/90 mmHg or when patients were already treated with
antihypertensive agents. All the aforementioned mea-
surements were obtained only at baseline for HCG
subjects.

All participants underwent an echocardiographic
examination (Vivid 5; General Electric, Columbus, OH,
USA) to evaluate left ventricular morphology and systolic
function at baseline (both groups) and after 6 months (only
CAD patients).
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2.3 Blood Biochemistry

Blood samples were drawn from the participants after an
overnight fast at baseline and at the end of the study. Each
sample was centrifuged at 5000 rpm for 5 min. 500 pL of
each serum sample was sent for analysis of fasting plasma
glucose (FPG) and lipids enzymatically (Chemwell 2910;
Awareness Technology Inc., Palm City, FL, USA). Gly-
cated haemoglobin (HbA,.) was determined by high-per-
formance liquid chromatography (Menarini Diagnostics,
Florence, Italy). The remainder of the serum samples were
frozen and stored (at —80 °C) until analysis in the same
assay with commercially available enzyme-linked immu-
nosorbent assay (ELISA) kits: fetuin-A (BioVendor Lab-
oratory Medicine, Inc., Brno, Czech Republic), OPG
(Metra, San Diego, CA, USA) and OPN (R&D Systems
Inc., Minneapolis, MN, USA) assessment. The intra- and
inter-assay coefficients of variance were 3.9 % and 5.1 %
for fetuin-A, 7 % and 6.8 % for OPG and 2.6 % and 5.7 %
for OPN, respectively. We determined high-sensitivity
C-reactive protein (hsCRP) using a nephelometric assay
(BNII; Dade Behring, Marburg, Germany).

2.4 Statistical Analysis

The data were analyzed using the Statistical Package for
the Social Sciences version 17 (SPSS Inc., Chicago, IL,
USA). Frequencies, means, and standard deviations were
used to describe the data whenever appropriate. Normality
of distribution was assessed with the Kolmogorov—Smir-
nov test. Comparisons of all continuous variables within
and between groups were performed by paired samples and
student’s ¢ tests, respectively. The paired sample Wilcoxon
signed rank test and the chi-squared test were used for
differences within and between proportions, respectively.
The relationships of fetuin-A, OPG and OPN to age, total
cholesterol, high-density lipoprotein (HDL), LDL, hsCRP
and BMI were evaluated in the CAD group using Pearson
correlation. Variables with significant correlations in uni-
variate analysis were entered into standard multiple
regression analysis, concerning fetuin-A, OPG and OPN as
the dependent variable each time. A two-tailed p value
<0.05 was considered to be statistically significant.

3 Results

3.1 Baseline Comparisons

Baseline results are depicted in Table 1. With the excep-
tion of smoking, there were no significant differences in

demographic and biochemical characteristics, such as BMI
and lipids, between the groups at baseline. Patients with

CAD exhibited lower serum levels of fetuin-A compared
with healthy controls (p < 0.05). Expectedly, they were
characterized by higher baseline serum levels of hsCRP
(»p < 0.001), white blood cell count (p = 0.047), OPG
(p < 0.001) and OPN (p = 0.005). Notably, among CAD
patients, patients with 3-vessel disease showed signifi-
cantly lower fetuin-A levels (0.115 & 0.034 pg/L vs
0.473 &£ 0.077 pg/L, p <0.001) compared with the
1-vessel subgroup. The opposite was observed between the
3-vessel and 1-vessel subgroups for  OPG
(10.31 &£ 3.03 pmol/L vs 5.88 £ 3.03 pmol/L, p < 0.001)
and OPN (72.88 4 22.58 ng/mL vs 48.91 &+ 15.78 ng/mL,
p = 0.011).

3.2 Follow-Up Results

A total of 98 patients with CAD were initially enrolled.
Two patients treated with simvastatin were withdrawn
from the study because of myalgia or liver enzyme eleva-
tion and one patient refused follow-up measurements.
Ninety-five patients completed follow-up measurements
and so their data were included in statistical analysis. A
significant proportion of them (82 %) underwent either
percutaneous or open surgical revascularization and since
then, they were free from symptoms. Neither significant
adverse events nor any cardiovascular complications were
reported throughout the entire study period in the remain-
ing participants. At follow-up, the vast majority of active
smokers, within the SG, ceased smoking. In parallel, a total
of six CAD patients initiated or modified their anti-
hypertensive medications, while five diabetic patients up-
titrated their anti-diabetic medications, during the study.
Cardiac systolic function did not differ between the groups
(p = 0.756) and remained adequate throughout the study.

Six months of simvastatin treatment significantly
reduced concentrations of total cholesterol, LDL and tri-
glycerides (p < 0.05) but produced no effect on serum
levels of HDL cholesterol (p = 0.985). Because of the
modification of anti-hypertensive medications, systolic BP
was significantly reduced (p = 0.012). Similarly, the
alteration in the anti-diabetic regimen conferred a signifi-
cant downregulation in FPG and HbA . levels (p < 0.01).
The simvastatin-treated group had considerably reduced
serum levels of hsCRP (p = 0.009), WBC (p = 0.042),
fetuin-A (p < 0.001), OPG (p <0.001) and OPN
(p < 0.001). All the above results are presented in Table 2.

We further investigated the influence of traditional car-
diovascular risk factors on serum concentrations of fetuin-A,
OPG and OPN at baseline. There was no difference in serum
levels of fetuin-A, OPG and OPN between diabetic and
normoglycaemic subjects, between smokers and non-
smokers, and between hypertensive and normotensive sub-
jects (p > 0.05 for all) (data not shown). In parallel,
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Table 1 Clinical and demographic characteristics of the statin and healthy control groups throughout the study

Variable Statin group (n = 95) P1 Healthy control group P2
- (n =35)
Baseline 6 months

Age (years) 67.1 £ 6.5 NA NA 65+ 9.5 0.201
Sex (female) [n (%)] 27 (28.4) NA NA 7 (20) 0.345
Diabetes mellitus [n (%)] 32 (33.6) NA NA NA NA
Anti-HP medications [n (%)] 78 (82.1) 80 (84.2) 0.799 NA NA
Anti-platelets [n (%)] 5(5.3) 95 (100) <0.001 NA NA
Smoking [n (%)] 68 (61.6) 5(5.3) <0.001 12 (34.3) <0.001
BMI (kg/m?) 28.37 £ 4.12 28.16 + 4.24 0.798 27.22 £ 322 0.279
SBP (mmHg) 134 £ 19 125 + 15 0.012 128 £+ 18 0.689
DBP (mmHg) 81 £9 80 + 10 0.881 82 £ 11 0.895

Data are expressed as mean £ SD unless specified otherwise

anti-HP anti-hypertensive, BMI body-mass index, DBP diastolic blood pressure, NA not applicable, SBP systolic blood pressure, SD standard

deviation

P1, p values of changes of continuous variables within the statin group from baseline to 6-month follow-up; P2, p values of variables between

groups at baseline

Table 2 Biochemical characteristics of the statin and healthy control groups throughout the study

Variable Statin group (n = 95) P1 Healthy control group (n = 35) P2
Baseline 6 months

TChol (mg/dL) 231 £+ 57 185 £ 46 <0.001 204 £ 36 0.128
HDL (mg/dL) 44 £+ 15 44 + 12 0.985 48 + 13 0.398
LDL (mg/dL) 154 + 46 114 £+ 37 <0.001 132 +£ 28 0.122
TG (mg/dL) 169 + 67 138 £ 73 0.027 121 + 83 0.136
FPG (mg/dL) 124 + 39 112 + 34 0.009 92 + 14 <0.001
HbA,. (%)* 6.6+ 12 6.1 £ 1.1 0.007

Creatinine (mg/dL) 1+04 1£05 0.991 09 +£03 0.712
WBC (cells/pL) 7079 £ 2252 6660 + 2200 0.042 6653 £ 1873 0.047
hsCRP (mg/L) 4.66 + 1.74 2.55 £ 0.64 0.009 1.58 £ 0.56 <0.001
Fetuin-A (pg/L) 0.222 £ 0.036 0.083 &+ 0.011 <0.001 0.839 + 0.092 <0.001
OPG (pmol/L) 7.39 £2.94 390 £ 1.22 <0.001 247 £ 1.15 <0.001
OPN (ng/mL) 60.99 &+ 17.52 33.78 + 18.68 <0.001 45.45 + 10.26 0.005
LVEF (%) 625 63 +£6 0.924 65+7 0.756

Data are expressed as mean = SD

FPG fasting plasma glucose, HbA . glycated haemoglobin, HDL high-density lipoprotein, AsCRP high-sensitivity C-reactive protein, LDL low-
density lipoprotein, LVEF left ventricular ejection fraction, OPG osteoprotegerin, OPN osteopontin, SD standard deviation, TChol total cho-
lesterol, TG triglycerides, WBC white blood cell count

P1, p values of changes of continuous variables within the statin group from baseline to 6-month follow-up; P2, p values of variables between

groups at baseline

4 HbA,. was measured only in the diabetic subgroup

revascularization procedures had only a slight influence on
the final results in comparison with pharmaceutically-treated
CAD patients (p > 0.05) (data not shown).

3.3 Correlations

At baseline, we found considerable univariate correlations
of vascular calcification inhibitors with other variables,
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within the SG (Table 3). In particular, fetuin-A was sig-
nificantly correlated with OPG, OPN, total cholesterol and
LDL (p < 0.05). In addition to fetuin-A, OPN was posi-
tively correlated with age and BMI and inversely with
HDL (p < 0.05). Finally, baseline serum OPG levels cor-
related with age, hsCRP and BMI (p < 0.05).

We next searched the determinants of simvastatin-
induced reductions in fetuin-A, OPG and OPN. In
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Table 3 Correlations of vascular calcification inhibitors at baseline
within the group with coronary artery disease

Variable Fetuin-A OPG OPN

r p value r p value r p value
Fetuin-A —0.286  0.006 —0.342 0.036
OPG —0.286  0.006 0.650 <0.001
OPN —0.342 0.036 0.650 <0.001
TChol 0.319 0.014 0.196  0.109 0.521 0.098
LDL 0.506 0.021 0.131 0.107 0.330  0.077
HDL —0.170  0.368 —0.398  0.098 —0.295 0.017
Age 0.175 0.330 0.401 <0.001 0.339  0.001
hsCRP —0.246  0.190 0.220  0.033 0.176  0.188
BMI —0.089 0.630 0.298  0.004 0.302  0.003

BMI body-mass index, HDL high-density lipoprotein, ZsCRP high-
sensitivity C-reactive protein, LDL low-density lipoprotein, OPG
osteoprotegerin, OPN osteopontin, TChol total cholesterol

univariate analysis changes in total cholesterol and LDL
were significantly related to fetuin-A changes. Those
variables entered in the standard multiple regression ana-

lysis and their relationships with fetuin-A changes
remained  significant (f = 0.396, p =0.045 and
p =0.348, p=0.032, respectively) (R2 = 0.305,

p = 0.040). Moreover, the other two vascular calcification
inhibitors were univariately correlated. Then in linear
multiple regression analysis, the reduction in OPG was the
only independent determinant of OPN reduction, and vice
versa (ff = 0.374, p = 0.017).

4 Discussion

In the present study, patients with CAD showed higher
OPN and OPG and lower serum fetuin-A levels than
healthy controls. Simvastatin treatment markedly
decreased serum levels of all the above vascular calcifi-
cation inhibitors. The effects of simvastatin on OPG and
OPN are due to its ‘pleiotropic’ properties. However, the
reduction in serum fetuin-A levels may be explained by the
lipid-lowering potential.

In consistency with previous studies, our study confirmed
the relationship of serum levels of both OPG [16] and OPN
[17] to CAD. Moreover, we observed a gradual increment in
OPG and OPN levels across the number of narrowed vessels.
One could have hypothesized that the additional differences
between groups, like glucose regulation and smoking habits,
would have confounded our results. However, the absence of
any relationship of novel biomarkers with those baseline
characteristics restricts that possibility. Our results are of
clinical importance, since they implicate the prognostic
power of the latter variables as biomarkers of CAD presence

and severity [17]. Another notable finding of the present
study was the considerable downregulation of serum OPG
and OPN levels after 6-month simvastatin therapy. Up to
now, there have been conflicting results about the effects of
statins on OPG and OPN, probably because of the wide
range of clinical characteristics of studies’ cohorts [4, 18—
21]. In agreement with our results, the majority of previous
publications have documented the suppressive effects of
statins on those biomarkers. Several theories have proposed
the inhibition of either mevalonate entrance into the cho-
lesterol synthesis pathway [22] or NF-«xB activation [23] as
potential mechanisms of statins’ negative effects on vascular
calcification inhibitors. Unfortunately, our study was not
designed to investigate the underlying mechanisms. There-
fore, the observed independent relationship between OPG
and OPN changes did not yield any firm conclusion as to
how statins may affect OPG and OPN homeostasis.
Regarding statins as the mainstay of atherosclerotic-related
disease therapy, large-scale, long-term studies will shed
more light on the interplay between statins and the afore-
mentioned CVD biomarkers, indicating novel angioprotec-
tive mechanisms.

At baseline patients with CAD exhibited lower serum
levels of fetuin-A. Importantly, patients with 3-vessel
disease showed even lower serum fetuin-A levels than in
patients with 1-vessel disease. Our findings are consistent
with those of studies documenting the inverse relationship
between serum fetuin-A levels and CAD presence and
severity [9, 10]. We must underline that we excluded
participants with renal impairment (creatinine <2 mg/dL),
while differences in baseline characteristics, like diabetes,
seem not to influence the concentrations of biomarkers.
The cardioprotective role of fetuin-A has also been sup-
ported by other investigators who demonstrated low cir-
culating fetuin-A as a negative predictor of ACS evolution
[24]. The latter investigators considered fetuin-A as an
anti-inflammatory glycoprotein and they hypothesized that
low fetuin-A concentrations reflect a severe inflammatory
burden related to unfavourable outcomes after ACS. On
the other hand, limited data reporting the paradoxical
positive association between high fetuin-A levels and
CVDs put in dispute the athero-protective role of fetuin-A
[25-27]. In other words, it is still unknown whether
fetuin-A is an exacerbating or a protective factor in
CVDs.

Up to now, there have been limited data about the
pharmaceutical modulation of fetuin-A. In particular, a
very small study has previously reported a significant
reduction of serum fetuin-A levels in non-diabetic, high-
risk patients after combined treatment with simvastatin and
pioglitazone [28]. Similar results were observed in ten
diabetic patients after 6-month treatment with pioglitazone
[29]. The latter result was predominantly ascribed to the
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improvement of the hepatocellular lipid content and the
consequent insulin-sensitizing effect. However, the rela-
tionship of fetuin-A to insulin resistance is still a subject of
debate [30, 31]. To our knowledge, this is the first study to
demonstrate the suppressive effect of a statin on serum
fetuin-A in patients with CAD. Furthermore, the latter
effect could be ascribed to the lipid-lowering action of
simvastatin. The role of the atherogenic profile (total
cholesterol, LDL) in fetuin-A regulation has been also
observed by other investigators [32]. Therefore, our results
raise a question about the interplay between fetuin-A and
CVDs through lipid modulation. One could hypothesize a
dual functionality of fetuin-A, where it could act as an
atherogenic factor or as an anti-inflammatory agent. In the
former case, the statin-induced lowering of fetuin-A
reflects the counterregulatory anti-inflammatory mecha-
nism of statins. In the latter case, fetuin-A reduction may
mirror the repression of the anti-inflammatory mechanisms,
after the depletion of the inflammatory burden by statins.
Moreover, the existence of confounding factors, such as
diabetes, microvascular complications and distinct stages
of atherosclerosis, may distort the association of fetuin-A
with CVD. Taking into account the above discrepancy, low
serum fetuin-A levels do not justify the rationale for its
causative or bystander role in atherosclerosis.

Our study had several limitations. Firstly, we included a
limited number of patients and, therefore, our results need
to be confirmed by a larger study. Secondly, despite the
usage of a maximal dose of simvastatin in almost all
patients, a significant portion of them did not achieve the
LDL target. Therefore, it cannot be ruled out that the effect
of statin therapy might have been greater if we had
administered high doses of other statins, like rosuvastatin
or atorvastatin. Thirdly, we cannot rule out the influence of
changes in several pharmaceutical agents during the study,
like anti-platelets, anti-hypertensive medications, etc. On
the other hand, the imbalance between conservatively
treated and interventionally treated patients prevented us
from detecting a potential contribution of revascularization
to vascular calcification inhibitors. Our study, by design,
did not include 6-month follow-up information for the
HCG. Perhaps this might have improved the interpretation
of our results. Finally, because of the short duration of
treatment, the question of whether long-term treatment
may more prominently affect serum vascular calcification
inhibitors accompanied with lower clinical outcomes rate
remains unresolved.

5 Conclusion

Patients with CAD showed elevated serum levels of both
OPG and OPN, while serum fetuin-A levels were
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significantly lower than those in healthy controls. Simva-
statin treatment considerably reduced all the above vas-
cular calcification inhibitors. The underlying mechanisms
and the clinical effectiveness of statins through the modi-
fication of vascular calcification inhibitors require further
investigation.
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