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Abstract Treatment with inhibitors of 3-hydroxyl-3-
methylglutaryl coenzyme A reductase (statins) reduces the
incidence of cardiovascular events, but it is unclear whether
the beneficial effects are mediated solely by their lipid-
lowering properties. We therefore investigated whether
atorvastatin reduces inflammation and oxidative stress in-
dependently of its lipid-lowering effects. The subjects com-
prised 71 hyperlipidemic patients (64 � 9 years old, mean �
SD) who were not receiving medical treatment. Serum
lipid and C-reactive protein (CRP) levels, and urine
8-isoprostane level (an index of oxidative stress) were
measured before and after 4 weeks of treatment with
atorvastatin at 10mg/day. In 38 patients, these biochemical
variables and carotid intima-media thickness (IMT) were
also measured after 6 months of treatment with
atorvastatin. Atorvastatin markedly reduced CRP (from
0.69 � 0.36 to 0.42 � 0.20 and 0.35 � 0.19mg/l, median �
median absolute deviation, P � 0.0001), 8-isoprostane
(from 225 � 99 to 178 � 75 and 179 � 60ng/g creatinine, P
� 0.05), and low density-lipoprotein cholesterol (LDLC;
from 165 � 21 to 106 � 18 and 112 � 17mg/dl, P � 0.0001)
after 4 weeks and 6 months of treatment, respectively. How-
ever, the reductions in CRP and 8-isoprostane were not
correlated with those of LDLC. After 6 months of treat-
ment, IMT was significantly decreased compared with the
baseline value (from 0.94 � 0.26 to 0.90 � 0.20mm, P �
0.05), but this was not correlated with the reduction in
LDLC. These results suggest that atorvastatin has beneficial
effects on inflammation, oxidative stress, and the lipid
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profile in patients with hyperlipidemia. The extra-lipid ef-
fects are not attributable to the lipid-lowering effect of the
statin, suggesting that the pleiotropic effects of atorvastatin
are independent of its effects on the lipid profile.
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Introduction

Recent clinical trials have demonstrated that treatment
with inhibitors of 3-hydroxyl-3-methylglutaryl coenzyme A
reductase (statins) reduces the incidence of cardiovascular
events in patients with hyperlipidemia.1 Although the
beneficial effects of statins are mediated, at least in part,
by their lipid-lowering properties, experimental studies
have suggested that statins exhibit a variety of extra-lipid
effects including immunomodulation, antiproliferation, and
antithrombosis.2,3 Furthermore, clinical studies using differ-
ent statins have all demonstrated a favorable reduction in
C-reactive protein (CRP),4—8 a biomarker of systemic in-
flammation, supporting the concept that statins have pleio-
tropic effects. Indeed, statins are effective in reducing the
risk of stroke,9 yet epidemiologic studies have not identified
low-density-lipoprotein cholesterol (LDLC) as an impor-
tant risk factor for stroke.

The initiation and amplification of inflammation of the
vascular wall by oxidative stress is a central feature of the
development of atherosclerosis,10,11 and CRP is a strong
predictor of cardiovascular risk.6,12,13 Most studies have
shown that reductions in CRP are unrelated to the magni-
tude of LDLC reduction.5 However, several recent studies
have found conflicting results for atorvastatin: there were
significant correlations between changes in CRP and
LDLC,14,15 suggesting that the beneficial effects of the statin
are mediated by its lipid-lowering effects. Thus, it is not
clear whether atorvastatin has extra-lipid, pleiotropic
effects.
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The present study was designed to test the hypothesis
that atorvastatin has pleiotropic effects. We investigated the
effects of low-does atorvastatin on inflammation, oxida-
tive stress, insulin resistance, LDLC, and carotid intima-
media thickness (IMT), and the possible relationships
among these effects in patients with mild to moderate
hyperlipidemia.

Patients and methods

Subjects and study design

The study protocol was approved by the ethics committee
of our hospital, and informed consent was obtained from all
subjects prior to the start of the study. The study population
comprised 71 hyperlipidemic patients aged 37–80 years,
whose baseline characteristics are listed in Table 1. Some of
the patients had hypertension or diabetes mellitus, but none
had cardiovascular disease. None of the patients were re-
ceiving medical treatment. Patients with acute or chronic
inflammatory disease, active liver disease, or renal dysfunc-
tion were not enrolled. All patients were assigned to receive
atorvastatin at 10mg/day. Baseline measurements include
levels of total cholesterol, LDLC, high-density-lipoprotein
cholesterol (HDLC), CRP, insulin, fasting plasma glucose,
and urine levels of 8-isoprostane (a biomarker of oxidative
stress), with repeat measurements at 4 weeks. The homeo-
stasis model assessment of insulin resistance (HOMA-R),
an index of insulin resistance, was calculated using the
method of Matthews et al.16 In 38 patients the measure-
ments were also repeated at 6 months, and IMT was mea-
sured at baseline and 6 months.

Biochemical measurements

Blood and urine were sampled in the morning following an
overnight fast. The blood samples were centrifuged at 1000
� g for 15min, and the resulting supernatant was stored at
�70°C until use. C-reactive protein was measured using a
latex-enhanced immunonephelometric assay on a BN II
analyzer (Dade Behring, Marburg, Germany). For the mea-
surement of 8-isoprostane, 5ml of urine was transferred to
a tube containing 0.25mg of indomethacin and centrifuged
at 10000 � g for 10min, and the resulting supernatant was
stored at �70°C until use. The urine concentration of 8-
isoprostane was determined using an enzyme immunoassay
kit (8-isoprostane EIA Kit; Cayman Chemical, Ann Arbor,
MI, USA), whilst correcting for creatinine excretion.

Measurement of IMT

The carotid artery was imaged with an ultrasound system
(Philips SONOS 4500 with a 11-3L linear transducer,
Philips Medical Systems, Bothell, WA, USA). On a longitu-
dinal, two-dimensional ultrasound image of the common
carotid artery, the left common carotid artery was examined
1–2cm proximal to the carotid bifurcation. The IMT of the
posterior wall of the common carotid artery was measured
as the distance from the leading edge of the first echogenic
line (lumen–intima interface) to the leading edge of the
second line (media–adventitia interface).17 Six measure-
ments were averaged, and this value was thereafter used for
further calculations. The examiners of the ultrasound im-
ages were unaware of the case status of the subject.

Statistical analysis

Except where stated otherwise, all data values are ex-
pressed as mean � SD. Statistical analysis was performed
using StatView software (version 5.0, SAS Institute, Cary,
NC, USA). Group differences in continuous variables
that had a normal distribution were tested with Student’s
paired t-test. Since the distributions of CRP, triglyceride,
8-isoprostane, and HOMA-R were skewed toward higher
values, median concentrations were computed for these
parameters and are expressed as median � median absolute
deviation. Mean concentrations of CRP, triglyceride, 8-
isoprostane, and HOMA-R were also computed after log
transformation that resulted in normal distributions. Prob-
ability values of P � 0.05 were considered to indicate statis-
tical significance.

Results

Four weeks of treatment with atorvastatin improved the
lipid profile in the hyperlipidemic patients: the levels of
LDLC and triglyceride were decreased, and the level of
HDLC was increased (Table 1). These effects persisted for
6 months after the start of the treatment.

Table 1. Characteristics of patients and effects of atorvastatin

Baseline 4 weeks 6 months
(n � 71) (n � 71) (n � 38)

Age (years) 64 � 9
BMI (kg/m2) 24.2 � 3.3 24.2 � 3.2
SBP (mmHg) 136 � 20 134 � 18* 132 � 18*
DBP (mmHg) 77 � 10 75 � 10* 75 � 9*
TC (mg/dl)  263 � 24 195 � 30** 198 � 23**
TG (mg/dl) 163 � 51 116 � 41** 128 � 41**
HDLC (mg/dl) 54.6 � 16.7 58.0 � 14.8* 58.8 � 15.3*
LDLC (mg/dl)  165 � 21 106 � 18** 112 � 17**
HOMA-R index 2.52 � 1.13 2.31 � 0.94 2.29 � 0.78
CRP (mg/l) 0.69 � 0.36 0.42 � 0.20** 0.35 � 0.19**
ISO/Cr (ng/g Cr) 225 � 99 178 � 75* 179 � 60*
IMT (mm) 0.94 � 0.26 0.90 � 0.20*

All data except those of TG, HOMA-R, CRP, and Iso/Cr are expressed
as mean � SD. TG, HOMA-R, CRP, and Iso/Cr are expressed as
median � median absolute deviation and changes in these variables
were analyzed after log transformation of these data
BMI, body mass index; SBP and DBP, systolic and diastolic blood
pressure; TC, total cholesterol; TG, triglyceride; HDLC, high-density-
lipoprotein cholesterol; LDLC, low-density-lipoprotein cholesterol;
HOMA-R, the homeostasis model assessment of insulin resistance;
CRP, C-reactive protein; Iso, 8-isoprostane; Cr, creatinine; IMT,
intima-media thickness
*P � 0.05, ** P � 0.0001 vs baseline
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Moreover, atorvastatin markedly reduced the serum
level of CRP and the urine level of 8-isoprostane after
4 weeks of treatment (Table 1). Most of the 71 patients
exhibited reductions in their CRP (n � 59, 83.1%) and
8-isoprostane (n � 48, 67.6%) levels (Fig. 1), but these
reductions were not correlated with that of LDLC (r �
0.208, P � 0.937 and r � �0.018, P � 0.8988, respectively;
Fig. 2). There was no significant correlation between the
percentage reductions in CRP and 8-isoprostane levels (r �
0.035, P � 0.7935). The levels of CRP and 8-isoprostane
remained decreased after 6 months of treatment compared
with the baseline data (Table 1).

Other extra-lipid effects of atorvastatin were also ob-
served. Systolic and diastolic blood pressure was decreased
after 4 weeks and 6 months of the statin therapy. HOMA-R
tended to be decreased by atorvastatin, but this did not
reach statistical significance. Strikingly, IMT was signifi-

cantly decreased after 6 months of treatment with
atorvastatin, but this was not correlated with the decrease in
LDLC (r � �0.206, P � 0.2692).

Discussion

The present study demonstrates that treatment with low-
dosage atorvastatin has several beneficial effects in hyper-
lipidemic patients: improvement of inflammation, oxidative
stress, blood pressure, and LDLC. The extra-lipid effects of
the statin were independent of its effects on LDLC, suggest-
ing that atorvastatin has pleiotropic effects in patients with
hyperlipidemia.

Whether the reductions in CRP and LDLC produced by
atorvastatin are mutually correlated is unclear.5,14,15 In the

Fig. 1. Changes in serum
C-reactive protein (CRP; left
panel) and urine 8-isoprostane
levels (corrected by urine
excretion of creatinine, Iso; right
panel) after 4 weeks of treat-
ment with atorvastatin in each
patient. Open circles and vertical
bars represent mean and SD,
respectively. *P � 0.05, **P �
0.0001 vs baseline usine paired
Student’s t-test

Fig. 2. Relationship between
changes in low-density-
lipoprotein (LDL) cholesterol
and C-reactive protein (CRP;
left panel) or urine 8-isoprostane
levels (corrected by urine
excretion of creatinine, Iso; right
panel) after 4 weeks of treat-
ment with atorvastatin in
patients with hyperlipidemia.
Reduction in CRP or Iso levels
was not correlated with that of
LDL cholesterol
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present study, changes in the CRP levels were not cor-
related with those of the LDLC levels, suggesting that
atorvastatin reduces inflammation through a mechanism
unrelated to LDLC reduction. Conflicting results in pre-
vious studies5,14,15 may be attributable to differences in
ethnicity, basal levels of CRP and LDLC, and the dose of
the statin used. However, it appears clear that atorvastatin
reduces inflammation via, at least in part, an LDLC-
independent pathway. It is still unclear whether the reduc-
tion in CRP by atorvastatin is related to changes in clinical
outcomes, but this direct anti-inflammatory effect may con-
tribute to a reduction in cardiovascular events since inflam-
mation is a major factor in atherothrombotic disease.18

Indeed, atorvastatin reduced IMT in the present study,
confirming a previous report.19 Furthermore, CRP is now
recognized to be a mediator of atherothrombotic disease,
since it induces complement, regulates the expression of
nitric oxide synthase, and upregulates the expression of
adhesion molecules.6,20

Oxidative stress plays an important role in the pathogen-
esis of cardiovascular diseases, including atherosclerosis,
hypertension, and coronary artery disease.21,22 Atorvastatin
reduced oxidative stress, but this was not related to the
changes in LDLC levels in the present study, indicating that
the statin has a pleiotropic effect. This finding is consistent
with other reports that statins suppress NADH/NADPH
oxidase23 or that a metabolite of atorvastatin has an antioxi-
dant property,24 which may contribute to the beneficial
effects of the statin. Reductions in inflammation and oxida-
tive stress or inhibition of Rho/Rho-kinase activity by
atorvastatin may contribute to an improvement in endothe-
lial function,25,26 which may be related to the reduction in
blood pressure observed in the present study.

In conclusion, atorvastatin has beneficial effects on in-
flammation, oxidative stress, and the lipid profile in patients
with hyperlipidemia. The reduction in inflammation and
oxidative stress is not attributed to the lipid-lowering effect
of the statin, indicating that atorvastatin may have pleiotro-
pic effects independent of its effects on the lipid profile.
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