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Anti-inflammatory effect of atorvastatin

in patients with aortic sclerosis or mild aortic

stenosis independent of hypercholesterolemia
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Abstract:

The aim of our study was to assess the effect of atorvastatin (20 mg) on inflammatory biomarkers in patients with aortic sclerosis or

mild aortic stenosis. Additionally, the anti-inflammatory effect of statin therapy was compared between hypercholesterolemic and

non-hypercholesterolemic patients.

We enrolled 33 patients with aortic sclerosis or mild aortic stenosis (AS) (18 males and 15 females, mean age 70 ± 8 years). Plasma

levels of the following biomarkers were measured: C-reactive protein (CRP), interleukin (IL-6) and monocyte chemoattractant

protein-1 (MCP-1). Atorvastatin (20 mg) was used for four weeks. All three biomarkers of inflammation significantly decreased

after atorvastatin: CRP from 4.08 ± 3.72 to 2.97 ± 3.26 µg/ml (p < 0.05), IL-6 from 20.66 ± 20.05 to 13.36 ± 11.21 pg/ml (p < 0.05)

and MCP-1 from 271.08 ± 85.72 to 213.24 ± 115.09 pg/ml (p < 0.05). No differences in the levels of these biomarkers were shown in

a comparison between 17 patients with hypercholesterolemia and 16 patients without hypercholesterolemia.

In patients in the early stages of aortic valve disease (with aortic sclerosis or mild AS), atorvastatin at a dose of 20 mg reduced the

biomarkers of inflammation.
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Introduction

Calcific aortic stenosis (AS) is a progressive disease

that, until recently, has been considered to be a degen-

erative and unmodifiable process. However, histopa-

thologic studies have now demonstrated that the de-

velopment and progression of calcific AS is based on

an active process and shares a number of similarities

with atherosclerosis. Inflammation, lipid infiltration,

dystrophic calcification, ossification, platelet deposi-

tion, endothelial dysfunction and a prothrombotic

status have been observed [7, 8, 11, 25].

In early aortic valve lesions (aortic sclerosis or

mild AS), inflammatory cells are the predominant cell

type. Histopathological studies of aortic sclerosis

show prominent accumulation of “atherogenic” lipo-

proteins, including LDL and lipoprotein(a), as well as

evidence of LDL oxidation and inflammatory cell in-

filtration [8, 25]. Oxidatively modified LDLs, associ-
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ated with proinflammatory and growth-stimulatory

properties, have been identified; they are taken up by

macrophages to become foam cells analogous to athe-

rosclerotic lesions [8, 25].

From the clinical point of view, investigators [1,

17] have stressed that aortic sclerosis is not a benign

phenomenon with an innocent murmur but a marker

of increased cardiovascular risk. Antonini-Canterin et

al. [2] suggest that statin therapies may have a poten-

tially protective role in patients at the early stages of

this degenerative process and could slow the progres-

sion to severe aortic stenosis. In a clinical context,

treatment with statins in aortic sclerosis may also pre-

vent an unfavorable outcome. According to the find-

ings of Shah et al. [23], statins may attenuate the in-

creased risk of future myocardial infarction in patients

with aortic sclerosis. In the more advanced stages of

moderate and severe AS, the protectively inhibitive

role of statin is controversial. Several retrospective

and nonrandomized studies have indicated that lower-

ing atherogenic lipoprotein may retard the hemody-

namic progression of AS [3, 4, 18, 20]. However, three

randomized placebo-controlled prospective studies,

SALTIRE [6], SEAS [21] and ASTRONOMER [5],

have studied the effect of lowering LDL-cholesterol

on AS progression and provided neutral results. In

contrast, the RAAVE [15] study showed a positive ef-

fect with statin use. In all of these studies, moderate-

to-severe AS was primarily investigated.

The aim of our study was to assess the effect of

20 mg/day of atorvastatin on inflammatory biomarkers

in patients with aortic sclerosis or mild AS. Addition-

ally, the effect of atorvastatin therapy was compared

between hypercholesterolemic and non-hypercholes-

terolemic patients.

Methods

We enrolled 33 patients with aortic sclerosis or mild

AS (18 males and 15 females, mean age 70 ± 8 years)

with normal sinus rhythm. In each patient, M-mode and

two-dimensional echocardiograms were obtained, fol-

lowed by pulsed and continuous-wave Doppler recordings.

Aortic valve sclerosis was defined as a focal area

of increased echogenicity and a thickening of the

aortic valve leaflets with a transaortic flow velocity

< 2.5 m/s on transthoracic echocardiography, using

the criteria of Otto et al. [19] Aortic stenosis was clas-

sified as mild in the case of a transaortic flow velocity

between 2.5 m/s and 3.0 m/s.

Patients with previous treatment with statins, acute

coronary syndrome, atrial fibrillation, bicuspid aortic

valves, rheumatic valve disease, infection, fever, cancer,

reduced left ventricular ejection fraction of < 60%,

more than mild aortic regurgitation, elevated creati-

nine of > 115 µg/l (for males) and > 89 µg/l (for fe-

males) were excluded. Patients with elevated amino-

transferases or creatinine kinase > 190 U/l (for males)

and > 170 U/l (for females) were also excluded due to

their intention to introduce statin therapy.

Venous blood was collected in the morning after an

overnight fast. We routinely measured concentrations

of total cholesterol, HDL and LDL cholesterol, tri-

glycerides, serum calcium, blood morphology, glu-

cose, creatinine, aminotransferases and creatinine ki-

nase. LDL-cholesterol equal to 3.4 mmol/l was con-

sidered borderline for hypercholesterolemia [24].

Using commercially available ELISA assays ac-

cording to the manufacturers’ instructions, we measured

plasma levels of the following biomarkers: C-reactive

protein (CRP) measured with a high-sensitivity method

(BioVendor GmbH, Heidelberg, Germany), interassay

and intra-assay coefficients of variation, 7.9% and 7.7%,

respectively; interleukin (IL-6) (R&D systems, Ab-

ingdon, UK), interassay and intra-assay coefficients

of variation, 7.1% and 5.7%, respectively, and mono-

cyte chemoattractant protein-1 (MCP-1) (R&D sys-

tems, Abingdon, UK), interassay and intra-assay coef-

ficients of variation, 7.8% and 6.0%, respectively.

Twenty milligrams of atorvastatin was used for

four weeks.

All patients gave their informed consent, and the

Jagiellonian University Ethical Committee approved

the study.

Statistical analysis

Data were given as the mean ± SD. The Kolmogorov-

Smirnov test was used to assess conformity with

a normal distribution. The Student’s t-test was used to

test differences before and after therapy (test for de-

pendent variables) and between hypercholesterolemic

and non-hypercholesterolemic subgroups (test for in-

dependent variables). A p-value of 0.05 was consid-

ered significant.
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Results

In the echocardiographic assessment, both LV contrac-

tility and cavity size were normal in the entire group.

The treatment with 20 mg of atorvastatin was without

any complications. Aminotransferases and creatinine

levels remained within the normal range. The hypoli-

pemic effect of atorvastatin was significant. Total cho-

lesterol decreased from 5.39 ± 1.22 to 3.63 ± 0.86 mmol/L

(p < 0.0001) and LDL-cholesterol decreased from 3.29

± 1.04 to 1.64 ± 0.81 mmol/l (p < 0.0001). HDL-

cholesterol remained unchanged: 1.32 ± 0.29 (pre-

treatment) versus 1.37 ± 0.35 (post-treatment) mmol/l.

Levels of triglyceride were reduced from 1.61 ± 1.13

to 1.20 + 0.57 mmol/l (p < 0.01).

All three biomarkers of inflammation significantly

decreased after atorvastatin: CRP from 4.08 ± 3.72 to

2.97 ± 3.26 µg/ml (p < 0.05), IL-6 from 20.66 ± 20.05

to 13.36 ± 11.21 pg/ml (p < 0.05) and MCP-1 from

271.08 ± 85.72 to 213.24 ± 115.09 pg/ml (p < 0.05).

In correlations analysis, two relationships were

statistically significant (both in post-treatment meas-

urements). MCP-1 correlated with total cholesterol

level (r = 0.38, p < 0.05), and MCP-1 correlated with

LDL-cholesterol (r = 0.46, p < 0.05).

The comparison of atorvastatin’s effect on 17 pa-

tients with and 16 patients without hypercholestero-

lemia is presented in Table 1.

Discussion

The inflammatory biomarkers in previous

studies

In an experimental model [13], normalization of

plasma lipid levels at early the stages of aortic valve

disease could reverse the disease-initiating cascade of

molecular events, possibly halting the progression of

AS. In contrast, if statin therapy was initiated at the

later stage in which transformation of myofibroblasts

into bone-forming osteoblastic cells has already oc-

curred and calcification of the valves is in progress,

statins may no longer be able to interfere with the

pathogenesis of the disease [8]. In a retrospective

large study (1046 patients), Antonini-Canterin et al.
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Hypercholesterolemia (–) Hypercholesterolemia (+) p =

Total cholesterol pre 4.36 ± 0.63 6.37 ± 0.73 0.000001*

post 3.11 ± 0.60 4.10 ± 10.81 0.000394*

LDL-cholesterol pre 2.38 ± 0.52 4.14 ± 0.59 0.000001*

post 1.17 ± 0.49 2.08 ± 0.79 0.000456*

HDL-cholesterol pre 1.29 ± 0.29 1.35 ± 0.29 NS*

post 1.35 ± 0.33 1.39 ± 0.38 NS*

TG pre 1.33 ± 0.63 1.87 ± 1.43 NS*

post 1.16 ± 0.60 1.24 ± 0.56 NS*

CRP pre 5.07 ± 4.49 3.15 ± 2.63 NS*

post 3.29 ± 3.35 2.67 ± 3.25 NS*

IL-6 pre 24.26 ± 33.71 17.27 ± 12.76 NS*

post 12.48 ± 7.22 14.19 ± 14.24 NS*

MCP-1 pre 258.5 ± 86.1 282.9 ± 86.3 NS*

post 188.7 ± 117.9 236.9 ± 110.9 NS*
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[2] suggested that statin therapies may have a poten-

tial benefit for patients in the early stages of this dis-

ease process, slowing the progression to severe AS.

Correspondingly, Helske and Otto [8] have postulated

that the lowering of blood lipids should be achieved at

a very early stage of the disease, probably at the onset

of aortic sclerosis without any transvalvular gradient.

Consequently, comparing mice at different stages of val-

vular changes to determine the “point of no return” of ad-

verse changes in the valves is potentially of great value.

In our study, atorvastatin reduced the level of all in-

flammatory biomarkers in patients with aortic sclero-

sis and mild AS. In the more advanced AS presented

in the RAVVE study [15], statin reduced IL-6 and

CRP, corresponding with delayed progression of

stenosis. A study by Sanchez et al. [22] has shown

lower levels of CRP in patients who had a slower rate

of progression. In a later study that included follow-

up [14], the baseline level of CRP was predictive of

disease progression in the aortic valve. In a study by

Imai et al. [9], baseline CRP was significantly higher

in patients with severe AS than in those with mild or

moderate AS. Additionally, CRP was significantly

higher in the rapid progression group than in the slow

progression group, and long-term survival was sig-

nificantly lower in the high CRP group than in the low

CRP group. Imai et al. [9] concluded that CRP pre-

dicts severity, progression, and prognosis in patients

with asymptomatic AS.

Jeevanantham et al. [10] reported that the CRP lev-

els in the control group were significantly lower than

the levels in the groups with aortic sclerosis and

moderate-severe AS. Importantly, no statistically sig-

nificant difference was found between high values of

CRP in the aortic sclerosis and AS groups. The

authors [10] concluded that CRP seems to have a sig-

nificant association with aortic valve disease during

its early stage. CRP may have a role in identifying pa-

tients in the early stages of aortic valve disease and

for whom medical treatment may be beneficial to halt

the progression to the advanced stage of disease with

irreversible aortic valvular calcification and stenosis.

The results in one study were different because CRP

level has a weak association with aortic valve sclerosis [1].

Statins due to pleiotropic effects [12, 16] also provide

some beneficial effect in normocholesterolemic patients [24].

The effect of aortic valve replacement on inflam-

matory markers was studied [11]. hsCRP levels showed

an early increase followed by a decrease, whereas

both TNF-� and MCP-1 were progressively reduced.

A limitation of our study was the relatively small

patient population mostly due to numerous exclusion

criteria. The small number of patients in the subgroup

with and without hypercholesterolemia may be responsible

for statistically insignificant differences. After these

positive results of our pilot study, which confirmed

the efficacy of atorvastatin in decreasing inflamma-

tory biomarkers (even in normocholesterolemic patients),

a prospective study in a larger group of patients is

needed.

Conclusions

In patients with aortic sclerosis or mild AS, atorvastatin

in dose of 20 mg reduced biomarkers of inflammation.
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