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Dose-dependency in pleiotropic effects of atorvastatin
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Statins are recognized as the principal and most effective class of drugs

for reducing serum cholesterol levels and, therefore, significantly

reducing cardiovascular events and mortality. Statins may have a wide

range of beneficial biological effects in addition to lipid lowering, a

phenomenon commonly termed a ‘pleiotropic effect’. However, the

dose-dependency of these effects remains unclear. The present study

evaluated whether atorvastatin, a potent statin, ameliorates the serum

markers of pleiotropic effects, with a focus on dose-dependency. The

pleiotropic effects of treatment with atorvastatin 5 mg/day and

10 mg/day for six months each in 15 patients with primary hyperc-

holesterolemia were assessed in a prospective, randomized, open-

label, crossover, single-centre study. Atorvastatin treatment

dose-dependently decreased a serum marker of oxidative stress as well

as the serum low-density lipoprotein cholesterol level. However,

serum markers of inflammation and fibrinolysis decreased independ-

ently of dose. In conclusion, the dose-dependency of atorvastatin’s

pleiotropic effects differs among individual biological effects.
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Currently, statins (3-hydroxymethyl-glutaryl coenzyme A
[HMG-CoA] reductase inhibitors) are widely used in the

treatment of patients with hypercholesterolemia. Indeed, the
results of large-scale clinical trials indicate that patients may ben-
efit from statin treatment regardless of their initial cholesterol
levels (1,2). Statins also have a wide range of beneficial biological
effects in addition to lipid lowering, a phenomenon commonly
termed a ‘pleiotropic effect’ (3-6). These effects include anti-
inflammatory, fibrinolytic and antioxidant functions. The benefi-
cial effects of statins may be, at least in part, attributable to their
pleiotropic actions (7,8). However, the dose-dependency of a
statin’s pleiotropic effects remains unclear. In the present study,
we assessed whether atorvastatin, a potent statin, ameliorates the
serum markers of pleiotropic effects, with a focus on its dose-
dependency.

METHODS
Study subjects and design
Fifteen patients (eight men and seven women, mean [± SD]
age 69±9 years) were recruited from the outpatient clinic of
Kyoto University hospital (Kyoto, Japan). All patients had pri-
mary hypercholesterolemia (total cholesterol 5.69 mmol/L or
greater) insufficiently responsive to dietary therapy. The exclu-
sion criteria were clinical evidence of secondary hypercholes-
terolemia (eg, hypothyroidism, nephrotic syndrome), a
medical history of statin incompatibility or any acute illness.
All study subjects were randomly assigned to either 5 mg or
10 mg of atorvastatin daily after dinner for six months, at
which time they switched doses for a further six months. Blood
samples were drawn at baseline and after each treatment
period. Ten age- and sex-matched subjects (six men and four
women, mean age 64±12 years) with normal serum total cho-
lesterol levels were selected as the control group. The study

was approved by the review committee of the Kyoto University
Hospital, and all patients gave their informed consent.

Measurements of blood samples
After an overnight fast, blood was collected in a serum tube. The
tubes were centrifuged, and the serum was separated and stored
at –70°C. All samples were measured in batches. Baseline, six-
month and 12-month evaluations included the following meas-
urements: serum total cholesterol, triglycerides, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), high-sensitivity C-reactive protein (hs-CRP),
plasminogen activator inhibitor type-1 (PAI-1) and 8-hydroxy-
2′-deoxyguanosine (8-OHdG). Total cholesterol, HDL-C and
triglycerides were measured enzymatically using assay kits from
Kyowa Medix (Japan) and Diatoron (Japan). The LDL-C con-
centration was calculated according to the Friedewald equation
(9). Serum hs-CRP levels were measured by automated
immunoassays using the Behring Nephelometer 100 system
(Dade, Behring, Japan) (10), which is sensitive enough to detect
levels as low as 0.2 ng/mL. Serum concentrations of PAI-1 were
measured by ELISA with rabbit antihuman PAI-1 immunoglob-
ulin (Biopool AB, Sweden) with a detection limit of 0.5 ng/mL
(11). The serum level of 8-OHdG was determined by a compet-
itive ELISA (8-OHdG Check; Japan Institute for the Control of
Aging, Fukuroi, Japan) (12). The determination range was
0.64 pg/mL to 2000 pg/mL.

Statistical analysis
Numerical data are expressed as mean ± SD. An unpaired
Student’s t test was used to compare the results between differ-
ent groups. The pre- and post-treatment values were compared
by one-way ANOVA followed by multiple comparisons using
the Bonferroni/Dunn’s test. Spearman’s correlation coefficients
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for relations between the extent of reduction in the LDL-C
levels and either the hs-CRP, PAI-1 or 8-OHdG levels were
determined. All statistical analyses were performed using
Statview software (SAS Inc, USA). P<0.05 was considered to
be statistically significant.

RESULTS
All 15 patients fulfilled the study protocol with no adverse
effects including blood chemistries.

Baseline characteristics of study patients
Table 1 summarizes the patient characteristics, including the
lipid profiles, parameters of pleiotropic effects of atorvastatin,
and other characteristics for the control groups and patients at
baseline. Total cholesterol, triglycerides, LDL-C, PAI-1 and 8-
OHdG concentrations were significantly higher at baseline in
the hypercholesterolemic patients than in the control group.
The prevalence of complications and drug use was well bal-
anced between the two groups.

Changes in lipid profile
Figure 1 depicts the changes in total cholesterol, HDL-C,
triglyceride and LDL-C at baseline and after 5 mg/day or
10 mg/day atorvastatin treatment. Atorvastatin significantly
decreased the serum LDL-C in a dose-dependent manner; con-
centrations at 5 mg/day and 10 mg/day doses of atorvastatin
were significantly different. The small dose (5 mg) of atorvas-
tatin significantly decreased triglyceride concentrations, but
the higher (10 mg) dose of the statin did not further signifi-
cantly decrease triglycerides. HDL-C levels remained
unchanged, despite the statin treatment.

Changes in parameters of pleiotropic effects
Figure 2 shows the changes in the parameters (hs-CRP, PAI-1
and 8-OHdG levels) of the pleiotropic effects of atorvastatin.
Atorvastatin significantly decreased serum hs-CRP levels only
at the higher dose (10 mg/day). Both 5 mg and 10 mg doses of
atorvastatin significantly decreased the serum PAI-1 levels
compared with baseline values, although the decreases were
comparable between the two treatment regimens. Of the three
parameters, only 8-OHdG concentrations were significantly
decreased dose-dependently by atorvastatin, with values at
5 mg and 10 mg doses of atorvastatin significantly different. No
significant correlations were observed between the extent of
reduction in the LDL-C levels and either the hs-CRP or PAI-1
levels. There was a significantly positive correlation between
the extent of reduction in the LDL-C concentrations and that
in the 8-OHdG concentrations (n=30, r=0.37, P<0.05).

Fujita et al

Int J Angiol Vol 16 No 3 Autumn 200790

TABLE 1
Patient characteristics

Controls Hypercholesterolemic
(n=10) patients (n=15)

Age, years 64±12 69±9

Men/women 6/4 8/7

Total cholesterol, mmol/L 4.42±0.70 6.85±0.85**

HDL cholesterol, mmol/L 1.40±0.28 1.47±0.49

Triglyceride, mmol/L 0.93±0.37 1.27±0.42*

LDL cholesterol, mmol/L 2.61±0.59 4.78±0.59**

hs-CRP, ng/mL 591±480 1090±844

PAI-1, ng/mL 19±8 29±13*

8-OHdG, pg/mL 479±524 1115±340**

Complications

Hypertension 6 (60) 8 (53)

Angina 1 (10) 1 (7)

Arrhythmia 0 (0) 2 (13)

Peripheral artery disease 0 (0) 1 (7)

Diabetes mellitus 0 (0) 0 (0)

Drug use for complications

Angiotensin receptor blocker 3 (30) 5 (33)

Calcium channel blocker 4 (40) 3 (20)

Disopyramide 0 (0) 1 (7)

Nitrate 1 (10) 1 (7)

*P<0.05, **P<0.01 versus controls. Data are presented as n (%) or mean ±
SD. 8-OHdG 8-hydroxy-2′-deoxyguanosine; HDL High-density lipoprotein;
hs-CRP High-sensitivity C-reactive protein; LDL Low-density lipoprotein; PAI-1
Plasminogen activator inhibitor type-1
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Figure 1) Changes in serum lipid levels after atorvastatin therapy
(baseline values [B], and after 5 mg/day and 10 mg/day treatment).
Data are shown as mean ± SD. *P<0.05, **P<0.01 versus baseline
values; †P<0.05 versus values at 5 mg/day atorvastatin treatment.
LDL-C Low-density lipoprotein cholesterol; HDL-C High-density
lipoprotein cholesterol; TC Total cholesterol; TG Triglyceride
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Figure 2) Changes in serum levels of markers of pleiotropic effects
after atorvastatin therapy (baseline values [B], and after 5 mg/day
and 10 mg/day treatment). Data are shown as mean ± SD.
*P<0.05, **P<0.01 versus baseline values; †P<0.05 versus values
at 5 mg/day atorvastatin treatment. 8-OHdG 8-hydroxy-2′-
deoxyguanosine; hs-CRP High-sensitivity C-reactive protein; PAI-1
Plasminogen activator inhibitor-1
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DISCUSSION
Our study is the first to compare the pleiotropic effects of ator-
vastatin at two doses in the same patient. Whereas atorvas-
tatin’s effect on the hs-CRP and PAI-1 levels was independent
of the change in LDL-C, the 8-OHdG reduction observed with
the statin was directly related to the change in LDL-C. It is
tempting to speculate about the mechanistic relationships
between the lipid-lowering effect and the pleiotropic effects of
atorvastatin. The effect of atorvastatin on hs-CRP levels was
independent of its effect on LDL-C. Although the precise
mechanism of the statin-induced hs-CRP reduction is
unclear, our findings of atorvastatin’s effect on hs-CRP levels
are in agreement with previous studies (13,14). Because
statins suppress PAI-1 production by a mechanism that relies

on HMG-CoA reductase inhibition (15), the reduction in
PAI-1 levels may correlate with the LDL-C reduction, which is
also dose-dependent and relies on HMG-CoA reductase inhi-
bition. However, our findings conflict with the aforemen-
tioned hypothesis. Our data suggest that the atorvastatin dose
needed for reductions in LDL-C and PAI-1 levels may be dif-
ferent, ie, the lower dose may be sufficient for PAI-1 reduction.
In the current study, the reduction in the serum 8-OHdG level
was significantly correlated with reductions in LDL-C levels.
Although some of the antioxidative effects of statins appear to
be cholesterol-independent (16), our findings may support the
conceptual framework that statins suppress the production of
reactive oxygen species by inhibiting HMG-CoA reductase
activity (11).
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