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Aims: 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) have multiple pleiotro-
pic effects, such as anti-inflammatory and vascular endothelium protection, that are independent of
their low-density-lipoprotein (LDL) cholesterol lowering effects. However, whether different statins
exert diverse effects on inflammation, insulin resistance, and the progression of carotid atherosclerosis
[as indicated by the intima-media thickness (CIMT)] in patients with dyslipidemia remains unclear.
Methods: A total of 146 patients with hypercholesterolemia without known cardiovascular disease were
randomly assigned to receive 5 mg/day of atorvastatin (7=73) or 1 mg/day of pitavastatin (z=73).
Results: At baseline, age, gender, blood pressure, lipid profiles, and the serum monocyte chemoattrac-
tant protein (MCP)-1, homeostasis model assessment of insulin resistance (HOMA-IR) and CIMT val-
ues were comparable between the groups. After 12 months of treatment, atorvastatin and pitavastatin
equally reduced the LDL cholesterol levels; however, atorvastatin increased the HOMA-IR by +26%
and pitavastatin decreased this parameter by —13% (p<0.001). The MCP-1 values were reduced by
—28% in the patients treated with pitavastatin and only —11% in those treated with atorvastatin
(p=0.016). A greater percent decrease in the mean CIMT from baseline was observed in the patients
treated with pitavastatin than in those treated with atorvastatin (- 4.9% vs. —0.5%, p=0.020).
Conclusions: These data indicate that, while these agents significantly and equally reduce the LDL
cholesterol levels, atorvastatin and pitavastatin have different effects on inflammation, insulin resis-

tance, and the progression of carotid atherosclerosis in patients with dyslipidemia.
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Introduction
3-hydroxy-3-methylglutaryl coenzyme A (HMG-

CoA) reductase inhibitors (statins) have been shown to
reduce the incidence of cardiovascular disease (CVD)
in primary and secondary prevention studies'*. The
cardiovascular benefits of statins are conventionally

attributed to their ability to reduce the LDL-choles-
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terol level®. However, although statins reduce the val-
ues of LDL cholesterol and inflammatory markers,
including C-reactive protein (CRP), the correlation
coefficient between LDL cholesterol and CRP is weak
(approximately 0.13)9, suggesting that the reductions
in CRP cannot be explained by the reductions in LDL
cholesterol alone. In addition, patients treated with
statins have a decreased rate of CVD than that pre-
dicted by their achieved LDL cholesterol levels, raising
the possibility of a distinct mechanism of action inde-
pendent of cholesterol reduction (cholesterol-indepen-
dent or pleiotropic effects)”. In fact, numerous studies
have confirmed that statins have pleiotropic actions,
including reductions in inflammation and oxidative



Differential Effects of Statins on Inflammation 1159

stress, as well as effects resulting in improvements in
both the endothelial dysfunction and coagulation”.

Inflammation plays a significant role in the patho-
genesis and development of CVD, such as heart failure
and acute coronary syndrome'® ', Activated macro-
phages produce proinflammatory cytokines and che-
mokines, including tumor necrosis factor (TNF)-a and
monocyte chemoattractant protein (MCP)-1, which
play important roles in the pathogenesis and develop-
ment of atherosclerosis and CVD'* 'V,

Arterial wall thickening may be assessed in vivo
based on ultrasound measurements of the carotid
intima-media thickness (CIMT). The CIMT is corre-
lated with coronary and carotid atherosclerosis and is
a significant predictor of future cardiovascular events.
For these reasons, the CIMT has been widely used in
many clinical studies as a surrogate marker of coronary
and carotid atherosclerosis and the risk of CVD'*'%.

Clinical and experimental studies have demon-
strated that statins attenuate inflammatory and oxida-
tive stress markers and slow the progression of carotid
atherosclerosis. However, there have been few studies
regarding direct comparisons of the effects of distinct
statins on insulin sensitivity as well as inflammatory and
oxidative stress markers'>'”. Furthermore, there have
been no studies so far regarding direct comparisons of
the differential effects of statins on inflammatory mark-
ers, insulin resistance, and the progression of carotid
atherosclerosis in patients with dyslipidemia. There-
fore, this study was conducted to examine whether
atorvastatin and pitavastatin have different effects in
dyslipidemic patients.

Methods

Study Subjects

This study was a prospective, randomized, open-
label trial, and single-center study. The present study
was originally designed to enroll more than 400 patients,
because 200 patients were required in each group in
order to achieve a power of 80% to detect a 20% dif-
ference in the percent change in the mean CIMT
(mCIMT) from baseline to 12 months of treatment
between the treatment groups. All patients were
recruited from Tama-Nagayama Hospital, Nippon
Medical School at an outpatient clinic between Janu-
ary 2009 and December 2011. Follow-up data were
obtained (every 4—8 weeks) via direct contact with
the patients at an outpatient clinic of our hospital
until January 2014.

Drs. ANN. and T.S recruited the patients from an
outpatient clinic and Dr. Y.K. blindly collected all
patient data. Dr. M.K. performed the statistical analy-

ses independent of the study group. Dr. W.S. was the
chief investigator of this study, and Dr. H.A. made the
final review of the manuscript.

This study included patients (=20 years) with
dyslipidemia. The patients were considered to have
dyslipidemia if they had an overnight fasting serum
total cholesterol (TC) level of 2220 mg/dL, triglycer-
ide (TG) level of 2150 mg/dL, LDL cholesterol level
of 2140 mg/dL, or HDL cholesterol level of <40 mg/
dL. The LDL cholesterol level was calculated using the
Friedewald formula (LDL cholesterol=TC - HDL cho-
lesterol = TG/5). The non-HDL cholesterol level was
calculated using the following formula: non HDL cho-
lesterol=TC - HDL cholesterol.

Subjects with clinical signs of acute infection,
autoimmune disorders, severe renal (serum creatinine
level >2.0 mg/dL) or hepatic disease, or with sus-
pected malignancy were excluded from the present
series. In addition, patients with a history of CVD,
including coronary artery disease, cardiomyopathy, and
valvular heart disease, or stroke and/or arteriosclerosis
obliterans were also excluded from this study. None of
the patients had received lipid modulating medica-
tions, including statins or fibrates before enrollment.

For equalization between the two groups, the
patients were randomly assigned to either the atorvas-
tatin group or pitavastatin group. The envelope method
was employed using mathematical techniques, such as
the use of a random number table by an independent
administrator (Dr. K.K.) for group allocation. The
present study does not have either a study registration
number or URL.

The investigation protocol was approved by the
institutional review board and ethics committee of
Nippon Medical School, Tama-Nagayama Hospital and
was performed in accordance with the Declaration of
Helsinki. All subjects provided their written informed
consent to participate in the study.

A total of 160 randomly selected patients with
dyslipidemia (86 males and 74 females; mean age,
67.0£9.4 years) were enrolled in the current study.
Three patients were excluded from randomization as a
result of withdrawal of consent. After randomization,
four patients were excluded due to non-compliance
(Fig.1). Therefore, 77 of the 153 remaining patients
were randomly assigned to receive 5 mg/day of atorv-
astatin, while the remaining 76 patients were ran-
domly assigned to receive 1 mg/day of pitavastatin.
We were unable to follow-up two patients treated with
atorvastatin and two patients treated with pitavastatin
because they moved to other hospitals during the fol-
low-up period. In addition, two patients discontinued
atorvastatin treatment because of increases in their
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Fig.1. Flow chart of the patients enrolled in the present study. This study was a
prospective, randomized, and open-label trial.

aminotransferases values. Finally, 73 patients treated
with atorvastatin and 73 patients treated with pitavas-
tatin completed the present study (Fig. 1).

Laboratory Measurements

The serum levels of TNF-a and MCP-1 at base-
line and after 12 months of treatment were measured
with a specific enzyme-linked immunosorbent assay
(ELISA) using commercially available systems (R&D
Systems), and the results are expressed as the mean *
SD (pg/mL). The intra- and inter-assay coefficients of
variation were less than 5% for all ELISAs, and all
samples were analyzed in duplicate.

The hsCRP values were measured using an immu-
noturbidimetry assay. The homeostasis model assess-
ment of insulin resistance [HOMA-IR; the score equals
immunoreactive insulin (IRI; pU/mL) times fasting
plasma glucose (FPG; mg/dL) divided by 405] was
calculated and used as a marker of insulin resistance.
To determine the renal function, the estimated glo-
merular filtration rate (¢GFR) was calculated using the
Modification of Diet in Renal Disease prediction equa-
tion for Japanese subjects (194 x serum creatinine”™

(mg/dL) x Age™*? (years) x 0.739, if female)'¥.

Carotid Intima-media Thickness
The right and left carotid arteries were examined

and the mean CIMT (mCIMT) was estimated accord-
ing to a standardized protocol by one blinded trained

sonographer using B-mode ultrasound with a 10 MHz
linear probe (LOGIQ 7, GE, Milwaukee, WI). The
CIMT was measured at three points in each common
carotid artery 10 mm proximal to the site of bifurca-
tion, and the mean value of six measurements for the
right and left carotid arteries was calculated and used
for the subsequent analysis. The progression of carotid
atherosclerosis was defined as follows: a positive per-
cent change in the mCIMT from baseline to 12 months
of treatment, namely (mCIMT at 12 months minus
baseline mCIMT)/baseline mCIMT x100>0. The
intra-observer and inter-observer coefficients of varia-
tion for the repeated measurements of the CIMT in
our laboratory were 2.9% and 3.2%, respectively.

Statistical Analysis

The results are presented as the mean=SD for
continuous variables and the percentage of the total
number of patients for categorical variables. Student’s
t-test for independent samples and the chi-square test
were used to compare continuous and categorical vari-
ables, respectively. The distributions of the TG, TNF-a,
MCP-1, and hsCRP levels were skewed; hence, the
Mann-Whitney test was used for unpaired compari-
sons between the two groups and Wilcoxon’s signed-
rank test was used for paired comparisons within the
two groups, with the data expressed as the median
(25th—75th percentile). In terms of the baseline and
12 month values, the data between groups were com-
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Table 1. Clinical characteristics, blood chemical variables and mean carotid intima-media thickness in the patients

treated with atorvastatin and pitavastatin

Atorvastatin (z=73) Pitavastatin (2=73) p-value
Age (years) 65.9%10.7 66.1%9.5 0.870
Gender (male, %) 41 (53.2) 36 (46.8) 0.507
Body mass index (kg/m?) 25.2%3.1 24.5%3.7 0.246
Waist circumference (cm) 87.7+8.3 86.2%£9.9 0.320
Systolic blood pressure (mmHg) 1302 130+4 0.250
Heart rate (beats/min) 722 732 0.080
Hemoglobin (g/dL) 14.3+1.1 14.2+1.1 0.316
High sensitivicy-CRP (mg/L) 0.90 (0.35, 2.80) 0.58 (0.38, 2.26) 0.920
Total cholesterol (mg/dL) 244 +27 247 %25 0.378
LDL-C (mg/dL) 161£29 162£23 0.926
HDL-C (mg/dL) 5515 5917 0.143
Triglycerides (mg/dL) 132 (96, 164) 132 (91, 178) 0.788
LDL-C/HDL-C ratio 3.1x0.9 2.9+%0.7 0.136
non HDL-C (mg/dL) 189+27 18921 0.981
Fasting plasma glucose (mg/dL) 104 =15 104+13 0.888
IRI (1 U/mL) 8.6%x3.8 8.9+7.3 0.765
HOMA-IR 22%1.2 2322 0.842
HbA1lc (JDS; %) 5.5+0.6 5.4%0.5 0.170
eGFR (mL/min/1.73 m?) 68.6x15.4 71.1+16.1 0.332
Baseline TNF-a (pg/mL) 12.5 (8.5, 16.0) 15.2 (9.4, 17.3) 0.102
Baseline MCP-1 (pg/mL) 105.3 (67.8, 221.0) 133.0 (87.1, 254.0) 0.143
Mean CIMT (mm) 0.884+0.166 0.902%0.196 0.669

The data are expressed as the mean *SD or median (interquartile range). CRP: C-reactive protein, C: cholesterol, LDL: low-den-
sity lipoprotein, HDL: high-density lipoprotein, IRI: immunoreactive insulin, HOMA-IR: homeostasis model assessment of insu-
lin resistance, eGFR: estimated glomerular filtration rate, TNF: tumor necrosis factor, MCP: monocyte chemoattractant protein,

CIMT: carotid intima-media thickness

pared with a two-way analysis of variance followed by
Bonferroni correction. To compare the percent changes
in the mCIMT between the two groups, a graph was
prepared using the box and whisker plots with the
median levels and 25th and 75th interquartile ranges.
The bivariate correlations between parameters were
assessed with the Pearson or Spearman correlation (r)
coefficient for normal or skewed distributions, respec-
tively.

The associations between the percent change in
the mCIMT from baseline to after 12 months of treat-
ment and other variables were explored using a multi-
ple linear regression analysis with forward stepwise
selection of covariates. The percent (%) changes in
various values were defined as follows: (values at each
time points minus values at baseline/values at base-
line) x 100. Univariate and multivariate logistic regres-
sion analyses were employed to calculate the estimated
odds ratio (OR) with a 95% confidence interval (CI)
where appropriate.

Potential predictors of the progression of carotid

atherosclerosis (defined as a positive percent change in
mCIMT from baseline to 12 months) included age,
gender, active smoking status, and the percent changes
in the SBP, heart rate, waist circumference, TG, LDL
cholesterol, HDL cholesterol, HOMA-IR, hsCRP,
TNF-a, and MCP-1 levels, as well as the use of pitavas-
tatin, angiotensin-converting inhibitors (ACEls) or
angiotensin receptor blockers (ARBs), calcium chan-
nel blockers (CCBs), B-blockers, or sulfonylureas. The
variables were entered into a multivariate model of
factors with a p-value of <0.05 in the univariate analy-
sis. The Statistical software Package for Social Science
(SPSS) for Windows, version 22.0 (IBM, Japan) was
used for the statistical analyses. A p-value of <0.05
was considered to be statistically significant.

Results

The baseline characteristics of the patients treated
with atorvastatin and those treated with pitavastatin
are shown in Table 1. Overall, the clinical characteris-
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Table 2. Prevalence of coronary risk factors and concomitant medications in the patients treated with atorvastatin

and pitavastatin

Atorvastatin (z=73) Pitavastatin (2=73) p-value
Diabetes (%) 30 (41.1) 21 (28.8) 0.165
Hypertension (%) 54 (74.0) 60 (82.2) 0.317
Smoker (%) 24 (32.9) 15 (20.5) 0.134
CCBs (%) 39 (53.4) 50 (68.5) 0.089
ACEIs (%) 17 (23.3) 14 (19.2) 0.686
ARBs (%) 16 (21.9) 26 (35.6) 0.100
B-blockers (%) 9(12.3) 7 (9.6) 0.792
Sulfonylureas (%) 1(1.4) 22.7) 0.560
a-glucosidase inhibitors (%) 4(5.5) 0 (0) 0.120
Metformin (%) 14 (19.2) 9 (12.3) 0.364
Pioglitazone (%) 6(8.2) 9(12.3) 0.587
Insulin(%) 0 (0) 0 (0) 1.000

CCBs: calcium channel blockers, ACEIs: angiotensin-converting enzyme inhibitors, ARBs: angiotensin receptor blockers

tics were comparable between the groups. The preva-
lence of treatment with CCBs showed a tendency to
be higher in the patients treated with pitavastatin than
in those treated with atorvastatin (68.5% vs. 53.4%,
»=0.089, Table 2); however, the frequencies of diabe-
tes, hypertension, and active smokers and the use of
concomitant medications, including ACEIs, ARBs,
B-blockers, and/or anti-diabetic medications, were sim-

ilar between the groups (Table 2).

Lipid Parameters and Insulin Resistance

At baseline, there were no significant differences
in the serum lipid, glycated hemoglobin (HbAlc), FPG,
fasting IRI, or HOMA-IR values between the groups
(Table 1). After 12 months of treatment, atorvastatin
and pitavastatin significantly and equally reduced the
total TC (=21.3% vs. —19.5%, p=0.234), LDL cho-
lesterol (—29.2% vs. —28.6%, p=0.772), TG (-17.6%
vs. —15.2%, p=0.556), and non-LDL cholesterol lev-
els (-28.2% vs. —27.5%, p=0.718), as well as the
LDL-cholesterol/HDL-cholesterol ratio (—30.2% vs.
-33.0%, p=0.193) (Fig.2A and Table 3). However,
the patients treated with pitavastatin exhibited an
increase in the HDL cholesterol values of +6.8%, in
comparison to only a +1.8% increase in the patients
treated with atorvastatin (p=0.001, Fig. 2A and Table 3).

After 12 months, the FPG, IRI, and HbAlc lev-
els in the patients treated with pitavastatin were signif-
icantly lower than those in the patients treated with
atorvastatin (Table 3). The values of HOMA-IR, a
marker of insulin resistance, increased by +25.6% in
the patients receiving atorvastatin, whereas these val-
ues decreased by —13.0% in those receiving pitavas-

tatin (»p<0.001, Fig. 2A and Table 3).

Inflammatory Markers

There were no significant differences in terms of
the baseline hsCRE, TNF-a, and MCP-1 levels between
the groups (Tables 1 and 3). After 12 months of treat-
ment, atorvastatin significantly reduced the hsCRP,
TNF-a, and MCP-1 levels by —23.6%, —21.1%, and
—10.9%, respectively, while pitavastatin significantly
reduced the hsCRP, TNF-a, and MCP-1 levels by
-32.1%, —36.0%, and —27.9%, respectively (Fig.2B
and Table 3). In addition, a significant reduction in
the percent (%) change from baseline to 12 months in
TNF-a and MCP-1 was observed in the patients
treated with pitavastatin compared to those receiving
atorvastatin (TNF-a; —36.0% vs. —21.1%, p<0.001,
MCP-1; —27.9% vs. =10.9%, p=0.016). Pitavastatin
treatment also tended to reduce the hsCRP levels
more than atorvastatin therapy (p=0.096, Fig.2B and
Table 3).

Relationships between the Clinical Characteristics,
Lipid Parameters, Inflammatory Markers, and CIMT
in the Patients with Dyslipidemia

The mean CIMT (mCIMT) values in the patients
treated with atorvastatin and pitavastatin at baseline
and after 12 months of treatment are shown in Tables
1 and 3. The mCIMT at baseline was comparable
between the groups. However, after 12 months of treat-
ment, a greater decrease in the mCIMT was observed
in the patients treated with pitavastatin than in those
treated with atorvastatin (= 4.9% vs. —0.5%, p=0.020,
Table 3 and Fig. 3).
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Fig.2. Percent (%) changes in the lipid profiles and HOMA-IR (A) from baseline to after 12 months of treatment in the atorvastatin
(black bars) and pitavastatin (white bars) groups and % changes from baseline in the hs-CRE, TNF-a, and MCP-1 values (B)
in the atorvastatin (black bars) and pitavastatin (white bars) groups. HOMA-IR; homeostasis model assessment of insulin resis-
tance, hs-CRP; high-sensitivity C-reactive protein, TNF; tumor necrosis factor, MCP; monocyte chemoattractant protein.

Table 3. Changes in the clinical characteristics and blood chemistry parameters from baseline to after 12 months of treatment in
the patients treated with atorvastatin and pitavastatin

Atorvastatin (z=73) Pitavastatin (z=73)

Baseline At 12 months (the % change) Baseline At 12 months (the % change)
Total-C (mg/dL) 244%27 19025 (-21.3)¢ 247 %25 199+22 (-19.5)¢
LDL-C (mg/dL) 161%29 113+29 (-29.2)¢ 162%23 113+29 (-28.6)"
HDL-C (mg/dL) 5515 55+15 (+1.8) 5917 62£16 (+6.8)%*
TG (mg/dL) 132 (96, 164) 108 (86, 126) (-17.6)¢ 132 (91, 178) 108 (73, 124) (-15.2)¢
LDL-C/HDL-C ratio 3.1£0.9 2.2+0.8 (-30.2)¢ 2.9%0.7 2.0£0.5 (-33.0°%
non HDL-C (mg/dL) 18927 13527 (-28.2)¢ 18921 13722 (-27.5)%
FPG (mg/dL) 10415 10718 (+3.3)° 104%13 10114 (-3.1)%%
IRI (4 U/mL) 8.6+3.8 9.9%6.0 (+21.9)¢ 8.9%7.3 7.5%5.8 (-9.4)%*
HOMA-IR 22%12 2.6£1.7 (+25.6)¢ 2322 1.9+1.7 (-13.0)¢*
HbAlc (JDS; %) 5.5%0.6 5.5£0.6 (=0.2) 54£0.5 53%0.4 (-2.5)"
hs-CRP (mg/L) 0.90 (0.35,2.80)  0.50 (0.24, 2.20) (-23.6) 0.58 (0.38, 2.26) 0.50 (0.24, 2.20) (-32.1)¢
TNF-a (pg/mL) 12.5 (8.5, 16.0) 9.5 (6.1, 11.3) (-21.1)¢ 15.2 (9.4, 17.3) 9.5 (6.1, 11.3) (-36.0)%*
MCP-1 (pg/mL) 105.3 (67.8,221.0)  78.0 (55.7,152.3) (-10.9)%  133.0 (87.1,254.0)  78.0 (55.7,152.3) (-27.9)%*
Mean CIMT (mm) 0.884+0.166 0.875%0.180 (- 0.4) 0.902%0.196 0.857+0.212 (-4.9)%*

$$<0.05 vs. baseline, €p<0.01 vs. baseline *<0.05, *»<0.001 vs. patients treated with atorvastatin at 12 months, The values in parentheses rep-
resent the percent changes from baseline to after 12 months of treatment, The data are expressed as the mean*SD or median (interquartile range),
C: cholesterol, LDL: low-density lipoprotein, HDL: high-density lipoprotein, FPG: fasting plasma glucose, IRI: immunoreactive insulin, HOMA-
IR: homeostasis model assessment of insulin resistance, JDS: Japan Diabetes Society, hs-CRP: high-sensitivity C-reactive protein, TNF: tumor
necrosis factor, MCP: monocyte chemoattractant protein, CIMT: carotid intima-media thickness

In the multivariate linear regression analysis, the ated with the percent change in the mCIMT from
use of pitavastatin and percent changes in the waist baseline (Table 4). Further adjustment for various
circumference and MCP-1 values from baseline to 12 medications, such as CCBs, ACEIs, ARBs, f-block-
months were significantly and independently associ- ers, and sulfonylureas, did not eliminate the associa-
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Fig.3. Percent (%) change in the mean CIMT from baseline
to after 12 months of treatment in the atorvastatin
and pitavastatin groups. The box and whisker plots
show the median levels and 25th and 75th interquar-
tile ranges (delineated by the bottom and top of each
box), and the circles represent outliers that are >1.5%
of the 75th confidence interval. CIMT; carotid intima-
media thickness, p=0.020; atorvastatin vs. pitavastatin.

tion with pitavastatin use or the percent change in the
mCIMT from baseline to 12 months (8 coefficient=
~0.221, p=0.030).

The multivariate logistic regression analysis showed
that the use of pitavastatin (OR (odds ratio) 0.228,
95% confidence interval (CI) 0.093—0.557, p=0.001)
and plasma levels of MCP-1 (OR 1.022, 95% CI
1.008—-1.035, p=0.002) were strongly and indepen-
dently associated with the progression of carotid ath-
erosclerosis, which was defined as the positive percent
change in the mCIMT from baseline to 12 months
(Table 5).

In order to elucidate the pathophysiological mech-
anisms by which pitavastatin and/or atorvastatin treat-
ment is useful for suppressing the progression of carotid
atherosclerosis, we investigated the relationships between
the percent change in the mCIMT from baseline and
the percent changes in the various parameters from
baseline, including blood pressure, lipid profiles, and
inflammatory markers, such as the hsCRP, MCP-1,
and TNF-a levels.

In the patients treated with atorvastatin, the per-
cent change in the mCIMT from baseline to 12 months
of treatment was significantly but weakly associated
with the percent change from baseline in MCP-1 (r=
0.250, p=0.033, Fig.4A) and negatively associated

with the percent change from baseline in the systolic

Table 4. Multivariate logistic regression analysis of the per-
cent change from baseline to 12 months in the mean
carotid intima-media thickness

B p value
Age (age) 0.001 0.999
Gender (male) 0.076 0.362
Active smoking -0.022 0.790
Pitavastatin use (vs. atorvastatin) -0.221 0.030
Calcium channel blockers use 0.049 0.590
ACEIs or ARBs use 0.103 0.263
B-blockers use -0.081 0.359
Sulfonylurea use 0.018 0.848
Percent change in SBP 0.155 0.129
Percent change in heart rate -0.166 0.158
Percent change in waist circumference -0.270 0.011
Percent change in LDL cholesterol 0.093 0.305
Percent change in HDL cholesterol -0.028 0.798
Percent change in Triglycerides -0.049 0.589
Percent change in HOMA-IR -0.064 0.536
Percent change in hsCRP 0.133 0.182
Percent change in MCP-1 0.352 <0.001
Percent change in TNF-a -0.022 0.822

Model adjusted R?=0.291

B: regression coefficient, ACEis: angiotensin-converting enzyme inhibi-
tors, ARBs: angiotensin receptor blockers, SBP: systolic blood pres-
sure, LDL: low-density lipoprotein HDL: high-density lipoprotein,
HOMA-IR: hemostasis model assessment of insulin resistance, hsCRP:
high sensitivity C reactive protein, IVICP: monocyte chemoattractant
proten, TNF: tumor necrosis factor

blood pressure (SBP; r=-0.273, p=0.020), waist cir-
cumference (r=-0.288, p=0.014), FPG (r=-0.428,
$<0.001), and HOMA-IR (r=—0.351, p=0.002) val-
ues. However, the percent change in the mCIMT from
baseline was not related to the percent changes from
baseline in the TNF-a (r=-0.090, p=0.451, Fig.4C),
hsCRP (r=0.163, p=0.168, Fig.5A), LDL cholesterol
(r=0.095, p=0.425, Fig.5C), HDL cholesterol (r=
~0.041, p=0.729), TG (r=-0.147, p=0.214), or
non-HDL cholesterol (r=0.035, p=0.768) levels or
the LDL-cholesterol/HDL-cholesterol ratio (r=0.108,
2=0.365).

In the patients treated with pitavastatin, the per-
cent change in the mCIMT from baseline to 12 months
was significantly and positively associated with the per-
cent changes from baseline in the MCP-1 (r=0.729,
»<0.001, Fig.4B), TNF-a (r=0.576, »<0.001,
Fig.4D), and hsCRP (r=0.360, p=0.002, Fig. 5B) lev-
els and negatively associated with the percent change
from baseline in FPG (r=-0.232, p=0.049). How-
ever, the percent change in the mCIMT values from
baseline was not correlated with the percent changes
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Table 5. Multivariate regression analysis of the progression of carotid atherosclerosis

Univariate Multivariate

OR 95% C.I. p value OR 95% C.I. p value
Age (years) 0.99 0.95-1.02 0.436
Gender (male) 1.38 0.69-2.75 0.359
Active smoking 0.90 0.41-1.98 0.788
Diabetes 0.62 0.30-1.30 0.207
Hypertension 0.99 0.44-2.27 0.986
Pitavastatin use (vs. atorvastatin) 0.18 0.08-0.39 <0.001 0.23 0.09-0.56 0.001
Calcium channel blockers use 1.03 0.52-2.06 0.935
ACEIs or ARBs use 0.89 0.45-1.76 0.727
B-blockers use 0.41 0.11-1.50 0.178
Sulfonylurea use 0.96 0.09-10.84 0.959
Change in waist circumference (cm) 0.82 0.68-0.99 0.035 0.79 0.62-1.01 0.057
Change in SBP (mmHg) 0.89 0.73-1.08 0.223
Change in heart rate (beats/min) 1.01 0.89-1.15 0.857
Change in triglycerides (mg/mL) 0.99 0.98-1.01 0.359
Change in LDL cholesterol (mg/dL) 1.02 0.99-1.04 0.209
Change in HDL cholesterol (mg/dL) 0.96 0.93-1.00 0.049 1.01 0.96-1.06 0.656
Change in HOMA-IR 1.00 0.99-1.01 0.988
Change in hsCRP (mg/L) 1.01 0.99-1.02 0.220
Change in MCP-1 (pg/mL) 1.03 1.01-1.04 <0.001 1.02 1.01-1.04 0.002
Change in TNF-a (pg/mL) 1.01 0.99-1.02 0.375

OR: odds ratio, C.I.: confidence interval, ACEIs: angiotensin-converting inhibitors, ARBs: angiotensin receptor blockers, SBP: systolic blood pres-
sure, LDL: low-density lipoprotein, HDL: high-density lipoprotein, HOMA-IR: homeostasis model assessment of insulin resistance, hsCRP: high-
sensitivity C-reactive protein, MCP: monocyte chemoattractant protein, TNF: tumor necrosis factor

from baseline in the SBP (r=-10.013, p=0.916), waist
circumference (r=-0.207, p=0.080), LDL cholesterol
(r=-0.049, p=0.683, Fig.5D), HDL cholesterol (r=
-0.085, p=0.477), TG (r=-0.069, p=0.562), non-
HDL cholesterol (r=-10.107, p=0.368), LDL-choles-
terol/HDL-cholesterol ratio (r=0.094, p=0.430), or
HOMA-IR (r=-0.024, p=0.839) values.

Safety

All patients tolerated the treatment well, without
any serious side effects during the follow-up period.
None of the patients experienced cardiovascular events,
including acute coronary syndrome, heart failure,
arrhythmia, stroke, or peripheral artery disease, during
the follow-up period. In addition, none of the patients
died from any causes, including CVD or cancer. Two
patients treated with atorvastatin discontinued the
treatment because of increases in their aminotransfer-
ases levels (alanine aminotransferase increased in one
patient from 12 IU/mL to 120 IU/mL, aspartate ami-
notransferase increased in one patient from 22 IU/mL
to 98 IU/mL, Fig.1). However, none of the patients
developed rhabdomyolysis during the follow-up period.

Discussion

The cardiovascular benefits of statins are conven-
tionally attributed to reductions in the LDL choles-
terol level®. However, the nature of the correlation
between the extent of cholesterol reduction induced
by statins and the degree of clinical benefit remains
controversial®*?. The post hoc analyses of the West of
Scotland Coronary Prevention Study (WOSCOPS)Y,
Cholesterol and Recurrent Events (CARE)?, and Scan-
dinavian Simvastatin Survival Study (4S)? studies have
resulted in conflicting reports. In the WOSCOPS
study, the reduction in the rates of fatal and nonfatal
coronary heart disease was related to LDL cholesterol-
lowering effects of up to 24%; however, no additional
benefits were observed for further reductions in the
LDL cholesterol levels, even up to 39%?". Similarly,
the relative risk of the endpoint in the CARE study
was progressively reduced, with the LDL cholesterol
levels declining from 140 to 120 mg/dL; however,
additional lowering of LDL cholesterol did not pro-
duce additional risk reduction?.

On the other hand, the relationship between
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Fig.4. Relationship between the percent (%) change from baseline to after 12 months of treatment in the MCP-1 values
and the % change from baseline in the mean CIMT in the atorvastatin (r=0.250, p=0.033; A) and pitavastatin
(r=0.729, p<0.001; B) groups. Relationship between the % change from baseline in the TNF-a values and the
% change from baseline in the mean CIMT in the atorvastatin (r=-10.090, p=0.451; C) and pitavastatin
(r=0.576, p<0.001; D) groups. CIMT; carotid intima-media thickness.

cholesterol reduction and event reduction in the 4S
trial was curvilinear and did not reach a threshold?.
Although apparently divergent, these results may be a
function of the global risk and baseline LDL choles-
terol levels in the population studied””. In addition,
many clinical trials have shown that more significant
reductions in the risk of CVD are associated with only
minimal changes in the coronary luminal dimensions
estimated on coronary angiography’?. These data
suggest that the benefits of the reductions in the risk
of CVD achieved with statins cannot be explained by
simple plaque regression due to reductions in the LDL
cholesterol level alone.

Therefore, other mechanisms (LDL cholesterol-
independent effects or pleiotropic effects) may be

involved in these benefits. Potential mechanisms that
may mediate these effects include improved endothe-
lial dysfunction, plaque stabilization, attenuated ath-
erogenesis, and anti-inflammatory and anti-throm-
botic actions”'?.

It has been reported that statins attenuate inflam-
matory and oxidative stress markers and slow the pro-
gression of carotid atherosclerosis'”; however, there
have been few studies regarding the effects of distinct
statins on insulin sensitivity, inflammatory, and oxida-
tive stress markers, and the progression of carotid ath-
erosclerosis 7. In addition, there have been no stud-
ies thus far regarding the differential effects of statins
on inflammatory markers, insulin resistance, and the
progression of carotid atherosclerosis (as indicated by
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an increased CIMT) in patients with dyslipidemia.

The present study demonstrated that atorvastatin
and pitavastatin equally reduce the LDL cholesterol
levels after 12 months of treatment, although atorvas-
tatin increased the HOMA-IR by +26%, whereas
pitavastatin decreased this parameter by —13%. These
data suggest that pitavastatin may have greater benefits
for improving insulin resistance than atorvastatin.
Therefore, pitavastatin may be preferable to atorvas-
tatin in diabetic/MS patients with dyslipidemia.

In the present study, the TNF-a and MCP-1 lev-
els were reduced by —36%, and —28%, respectively,
in the patients treated with pitavastatin, compared to
only —21% and —11%, respectively, in those receiving

atorvastatin. A greater decrease in the mean CIMT
was also observed in the patients treated with pitavas-
tatin than in those treated with atorvastatin. These
data suggest that pitavastatin may be more beneficial
than atorvastatin for reducing inflammation in patients
with dyslipidemia.

In addition, in the patients treated with pitavas-
tatin, the percent change in the mean CIMT from
baseline to after 12 months of treatment was signifi-
cantly associated with the percent changes from base-
line in several markers of inflammation, including the
hsCRP, TNF-a, and MCP-1 levels. The percent change
in the CIMT from baseline was not related to the per-
cent changes from baseline in blood pressure or the
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LDL cholesterol levels.

In the patients treated with atorvastatin, the per-
cent change in the mean CIMT from baseline to 12
months was significantly but weakly associated with
the percent change from baseline in the MCP-1 levels,
but not the hsCRP or TNF-a levels. In addition, the
percent change in the mean CIMT from baseline was
significantly and negatively correlated with the percent
changes from baseline in systolic blood pressure and
HOMA-IR.

These data suggest that the decrease in the mean
CIMT may be, at least in part, due to reductions in
inflammation in the patients treated with pitavastatin,
while the decrease in the mean CIMT in the patients
treated with atorvastatin may have been closely associ-
ated with the effects on the cholesterol levels, with no
major effects on inflammation. In addition, the increases
in the FPG and HOMA-IR values may be associated
with the progression of carotid atherosclerosis in the
patients treated with atorvastatin.

The present study showed, for the first time,
that, despite reductions in the LDL cholesterol levels,
atorvastatin and pitavastatin nevertheless have differ-
ent effects on inflammatory markers, insulin resis-
tance, and the progression of CIMT in patients with
dyslipidemia. These findings may provide hypothesis-
generating data for future large-scale studies with a
longer follow-up period.

Effects of Concomitant Medications on the Inflam-
matory Markers, Insulin Resistance, and CIMT in
Patients with Dyslipidemia

Clinical studies have shown that CCBs'” and
ACEIs? significantly decreased the progression of
carotid atherosclerosis. However, the present study
showed that pitavastatin treatment was significantly
and negatively associated with the progression of carotid
atherosclerosis, whereas other concomitant medica-
tions were not. Therefore, concomitant medications
may not have affected the progression of carotid ath-
erosclerosis in our patients with dyslipidemia.

Mechanisms Underlying the Progression of Carotid
Atherosclerosis

The mechanisms underlying the progression of
carotid atherosclerosis (increased CIMT) are compli-
cated. However, some investigators have shown that
the patient age, gender, total and LDL cholesterol,
SBP, BMI, low HDL cholesterol, and elevated hsCRP
and insulin levels are independently associated with
the CIMT?"??. We have also previously shown that
the patient age, HDL cholesterol level, and insulin
resistance estimated according to the HOMA-IR are

independently associated with the mean CIMT®. In
addition, we reported that patients with carotid ath-
erosclerosis show significantly higher hsCRP levels
and have lower overall HDL cholesterol levels in com-
parison to those without carotid atherosclerosis, thus
indicating that inflammation and insulin resistance
play significant roles in the pathogenesis and progres-
sion of carotid atherosclerosis in patients with MS?%.
Therefore, resistance to insulin-mediated glucose dis-
posal and/or compensatory hyperinsulinemia may con-
tribute to the progression of carotid atherosclerosis.

An association between lower HDL cholesterol
levels and a higher incidence of CIMT was also found
in our study. HDL cholesterol has potential anti-
inflammatory and anti-oxidative effects, which may
suppress the progression of carotid atherosclerosis* 2.
The present study also showed that 12 months of
pitavastatin treatment improves insulin resistance and
increases the HDL cholesterol levels, whereas atorvas-
tatin therapy actually worsened the insulin resistance
and did not affect the HDL cholesterol levels.

In the multivariate regression analysis, the per-
cent changes in waist circumference and MCP-1 from
baseline to 12 months were each significantly and
independently associated with the percent change in
the mCIMT from baseline to 12 months. In addition,
the multivariate logistic analysis showed that the per-
cent change in the MCP-1 values from baseline was a
strong and independent determinant of the progres-
sion of carotid atherosclerosis. Therefore, inflamma-
tion may play an important role in the pathogenesis
and progression of carotid atherosclerosis in patients
with dyslipidemia. Very importantly, pitavastatin
treatment significantly and independently correlated
with slowing the progression of carotid atherosclerosis
in this population.

Taken together, these findings indicate that the
patient age, hypertension, dyslipidemia, insulin resis-
tance, and inflammation may contribute to the patho-
genesis and progression of carotid atherosclerosis. These
data suggest that pitavastatin is therefore preferable to
atorvastatin in diabetic/MS patients with dyslipidemia.

Differential Effects of Statins on Lipid Metabolism,
Inflammatory Markers, Insulin Resistance, and Pro-
gression of Carotid Atherosclerosis in Patients with
Dyslipidemia

Chapman?” demonstrated that 52 months of
pitavastatin treatment significantly increases the HDL
cholesterol levels by up to +14.3% vs. the initial base-
line values. Kurogi et al.* recently reported a greater
increase in the HDL cholesterol levels after long-term
treatment in patients with dyslipidemia and coronary
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artery disease treated with pitavastatin compared with
atorvastatin. Consistent with these findings, the pres-
ent study showed that pitavastatin treatment signifi-
cantly increases the HDL cholesterol levels in compar-
ison with atorvastatin. The pitavastatin-induced eleva-
tion of HDL cholesterol may have anti-inflammatory
effects on the endothelium and possibly increase ath-
erosclerotic plaque stability, which may slow the pro-
gression of carotid atherosclerosis* 9.

Recent epidemiological studies??" have suggested
that long-term statin treatment increases the risk of
new-onset diabetes. Some investigators have compared
the metabolic effects of atorvastatin and pravastatin in
hypercholesterolemic patients'” 3> 3% and found that
the HbAlc levels in the atorvastatin group signifi-
cantly increase after treatment, whereas no increases
are observed in the pravastatin group®”. Meanwhile,
Koh et al?¥ showed that treatment with various doses
of atorvastatin significantly increases the HbAlc and
fasting IRI levels, consistent with the status of insulin
resistance, whereas pravastatin therapy significantly
improves insulin sensitivity>”. The present study showed
that pitavastatin treatment significantly improves insu-
lin resistance; however, atorvastatin worsened insulin
resistance in our study population. In agreement with
these findings, Carter ez a/>” showed that, compared
with pravastatin, there is an increased risk of incident
diabetes in patients treated with atorvastatin (hazard
ratio (HR) 1.22, 95% confidence interval (CI) 1.15—
1.29).

The present study demonstrated that pitavastatin
treatment significantly attenuates the levels of inflam-
matory markers, including TNF-a and MCP-1, in
comparison to atorvastatin.

The differential effects of statin therapy on the
progression of carotid atherosclerosis remain unclear.
A meta-analysis of randomized controlled trials per-
formed by Huang et 4/ showed a significant decrease
in the mean CIMT in patients treated with lovastatin,
simvastatin, pravastatin, and rosuvastatin; however, this
finding was not observed for atorvastatin or fluvas-
tatin. A significant association between the change in
the CIMT and the decrease in the TG levels was
found. In addition, a similar but not statistically sig-
nificant, trend was observed between the decrease in
the CIMT and the decreases in the LDL cholesterol
levels or increases in the HDL cholesterol levels. The
present study also identified a greater decrease in the
mean CIMT in the pitavastatin group than in the
atorvastatin group. In addition, the present findings
indicated that the percent change in the mean CIMT
from baseline to after 12 months of treatment was sig-
nificantly and positively associated with the percent

changes from baseline in the hsCRP, TNF-a, and
MCP-1 levels in the patients treated with pitavastatin,
while the percent change in the mean CIMT from
baseline was significantly but weakly related to the
percent change in the MCP-1 levels in the patients
treated with atorvastatin. Interestingly, the percent
change in the mean CIMT from baseline was not
associated with the percent change from baseline in
the LDL cholesterol levels in either the atorvastatin or
pitavastatin groups.

These data indicate that pitavastatin treatment
slows the progression of carotid atherosclerosis, par-
tially due to a reduction in inflammation. However,
progression of the CIMT may not be related to the
changes in LDL cholesterol in patients with dyslipid-
emia. In addition, despite the equivalent reductions in
the LDL cholesterol levels, atorvastatin and pitavas-
tatin had different effects on the levels of inflamma-
tory markers as well as insulin resistance and the pro-
gression of carotid atherosclerosis in patients with dys-
lipidemia. These data provide the first evidence sup-
porting the use of different therapeutic strategies for
the treatment of diabetic/MS patients with dyslipid-
emia compared to those without these conditions.

Mechanisms Underlying the Differential Effects of
Statins on Inflammatory Markers and the Progres-
sion of Carotid Atherosclerosis in Patients with Dys-
lipidemia

The mechanisms by which statins exert differen-
tial effects on inflammation, insulin resistance, and
CIMT in patients with dyslipidemia are unclear. Statins
inhibit the HMG-CoA reductase activity and decrease
the isoprenylation of intracellular signaling molecules,
including Rho'®3% 3. Rho kinases (ROCKs) are pro-
tein serine/threonine kinases of approximately 160
kDa that act as downstream effectors of the small glu-
tamyltranspeptidase (GTPase) Rho. Statins prevent the
membrane targeting of Rho and its subsequent activa-
tion of ROCKSs by inhibiting mevalonate synthesis. At
clinically relevant concentrations, statins have been
shown to inhibit the isoprenylation of Rho and activ-
ity of ROCK?* 37,

The Rho/ROCK pathway is involved in the onset
of hypertension and cardiac hypertrophy and progres-
sion of atherosclerosis®>%”). These data suggest that the
Rho/ROCK pathway plays significant roles in the
pathogenesis and progression of carotid atherosclero-
sis.

Masamura et a/.*® showed that pitavastatin regu-
lates the thrombomodulin expression via the inhibi-
tion of small G proteins of the Rho family. Further-
more, Hamano et 4l reported that pitavastatin
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decreases the tau levels (an important protein associ-
ated with Alzheimer’s disease) via inactivation of the
Rho/ROCK pathway. These data suggest that atorvas-
tatin and pitavastatin attenuates inflammation via the
Rho/ROCK pathway.

Rawlings e al“” showed that atorvastatin and
rosuvastatin inhibit the ROCK activity; however, rosuv-
astatin more significantly reduces the ROCK activity
than atorvastatin, thus suggesting that rosuvastatin
reduces the ROCK activity and inflammation more
effectively than atorvastatin. We speculate that pitavas-
tatin may more strongly attenuate inflammation via
the Rho/ROCK pathway than atorvastatin. However,
we did not measure the ROCK activity in the present
study. Further studies are thus needed to clarify the
exact mechanisms underlying these findings.

Study Limitations

There are several limitations associated with this
study. First, this study was performed with a small
sample population, and future large-scale clinical stud-
ies are therefore required to confirm our findings. Sec-
ond, although this study was prospective and random-
ized, it was also an open-label study, which may have
induced bias in terms of the progression of carotid
atherosclerosis. Third, we did not measure the ROCK
activity or compare this finding between the patients
treated with atorvastatin and pitavastatin. Fourth, we
did not have any data on the CIMT at later time
points, because this was a 12-month study. Hence, the
long-time effects of different statins remain unclear.

Conclusions

In conclusion, while these agents significantly
and equally reduce the LDL cholesterol levels, atorvas-
tatin and pitavastatin exhibit different effects on inflam-
mation, insulin resistance, and the progression of
carotid atherosclerosis in patients with dyslipidemia.
Pitavastatin may be superior to atorvastatin in slowing
the progression of carotid atherosclerosis in dyslipid-
emic patients without known cardiovascular diseases.
Further studies are needed to confirm these findings.

Conflicts of Interest

Dr. Wataru Shimizu has received lecture fees from
Astellas Pharma, Inc. The other doctors have no con-
flicts of interest.

Acknowledgements

None.

References

1) Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR,
MacFarlane PW, McKillop JH, Packard CJ: Prevention of
coronary heart disease with pravastatin in men with hyper-
cholesterolemia. N Engl ] Med, 1995; 333: 1301-1307

2) Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford
JD, Cole TG, Brown L, Warnica JW, Arnold JM, Wun
CC, Davis BR, Braunwald E: The effects of pravastatin
on coronary events after myocardial infarction in patients
with average cholesterol levels. N Engl ] Med, 1996; 335:
1001-1009

3) The Scandinavian Simvastatin Survival Study Group: Ran-
domized trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian Simvastatin Sur-
vival Study (4S). Lancet, 1994; 344: 1383-1389

4) Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rou-
leau JL, Belder R, Joyal SV, Hill KA, Pfeffer MA, Skene
AM: for the Pravastatin and Atorvastatin Evaluation and
Infection Therapy-Thrombolysis in Myocardial Infarction
22 Investigators. N Engl ] Med, 2004; 350: 1495-1504

5) O’Keefe JH, Cordain L, Harris WH, Moe RM, Vogel R:
Optimal low-density lipoprotein is 50 to 70 mg/dl. Lower
is better and physiologically normal. ] Am Coll Cardiol,
2004; 43: 2142-2146

6) Nissen SE, Tuzcu EM, Schoenhagen B, Crowe T, Sasiela
WJ, Tsai J, Orazem ], Magorien RD, O’Shaughnessy C,
Ganz P: for the Reversal of atherosclerosis with Aggressive
Lipid Lowering (REVERSAL) Investigators. Statin ther-
apy, LDL cholesterol, C-reactive protein, and coronary
artery disease. N Engl ] Med, 2005; 352: 29-38

7) Ray KK, Cannon CP: The potential relevance of the mul-
tiple lipid-independent (pleiotropic) effects of statins in
the management of acute coronary syndrome. ] Am Coll
Cardiol, 2005; 18: 1425-1433

8) Mcfarlane SI, Muniyappa R, Francisco R, Sowers JR:
Clinical review 145. Pleiotropic effects of statins: Lipid
reduction and beyond. ] Clin Endocrinol Metab, 2002;
87: 1451-1458

9) Maron DJ, Fazio S, Linton MF: Current perspectives on
statins. Circulation, 2000; 101: 207-213

10) Zhou Q, Liao JK: Pleiotropic effects of statins. Basic
research and clinical perspectives. Circ ], 2010; 74: 818-826

11) Corrado E, Rizzo M, Coppola G, Fattouch K, Novo G,
Marturana I, Ferrara F, Novo S: An update on the role of
markers of inflammation in atherosclerosis. ] Atheroscler
Thromb 2010; 17: 1-11

12) Lorenz MZ, Markus HS, Bots ML, Rosvall M, Sitzer M:
Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systemic review and meta-anal-
ysis. Circulation, 2007; 115: 459-467

13) Adams MR, Nakagomi A, Keech A, Robinson J, McCredie
R, Bailey BP, Freedman SB, Celermajer DS: Carotid intima-
media thickness is only weakly correlated with the extent
and severity of coronary artery disease. Circulation, 1995;
92:2127-2134

14) Cao ]J, Arnold AM, Manolio TA, Polak JF, Psaty BM,
Hirsch CH, Kuller LH, Cushman M: Association of carotid
artery intima-media thickness, plaques, and C-reactive pro-
tein with future cardiovascular disease and all-cause mor-



Differential Effects of Statins on Inflammation 1171

tality. The cardiovascular health study. Circulation 2007;
116: 32-38

15) Koh KK, Quon M]J, Sakuma I, Han SH, Choi H, Lee K,
Shin EK: Differential metabolic effects of rosuvastatin
and pravastatin in hypercholesterolemic patients. Int ]
Cardiol, 2013; 166: 509-515

16) Yoshida H, Shoda T, Yanai H, Ikewaki K, Kurata H, Ito
K, Furutani N, Tada N, Witztum JL, Tsimikas S: Effects
of pitavastatin and atorvastatin on lipoprotein oxidation
biomarkers in patients with dyslipidemia. Atherosclerosis,
2013; 226: 161-164

17) Koh KK, Sakuma I, Quon M]J: Differential metabolic
effects of statins. Atherosclerosis, 2011; 215: 1-8

18) Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, Hara
S, Ura N, Kiyohara Y, Moriyama T, Ando Y, Fujimoto S,
Konta T, Yokoyama H, Makino H, Hishida A, Matsuo S.
Clin Exp Nephrol, 2009; 13: 621-630

19) Pitc B, Byington RP, Furberg CD, Hunninghake DB,
Mancini GB, Miller ME, Riley W: Effect of amlodipine
on the progression of atherosclerosis and the occurrence
of clinical events. PREVENT Investigators. Circulation,
2000; 102: 1503-1510

20) Lonn EM, Yusuf S, Dzavik V, Doris C, Yi Q, Smith S,
Moore-Cox A, Bosch J, Riley W, Teo K: For the SECURE
Investigators. Effects of ramipril and vitamin E on athero-
sclerosis. The study to evaluate carotid ultrasound changes
in patients treated with ramipril and vitamin E (SECURE).
Circulation, 2001; 103: 919-925

21) Koskinen J, Kihonen M, Viikari JSA, Taittonen L,
Laitinen T, Ronnemaa T, Lehtimiki T, Hutri-Kihonen N,
Pietikiinen M, Jokinen E, Helenius H, Mattsson N, Raita-
kari OT, Juonala M: Conventional cardiovascular risk fac-
tors and metabolic syndrome in predicting carotid intima-
media thickness progression in young adults. The cardio-
vascular risk in Young Finns Study. Circulation, 2009;
120: 229-236

22) Davis PH, Dawson ]JD, Riley WA, Lauer RM: Carotid
intima-medial thickness is related to cardiovascular risk
factors measured from childhood through middle age: the
Muscatine Study. Circulation, 2001; 104: 2815-2819

23) Nakagomi A, Sasaki M, Ishikawa Y, Morikawa M, Shibui
T, Kusama Y, Atarashi H, Mizuno K: Upregulation of
monocyte tissue factor activity is significantly associated
with low-grade chronic inflammation and insulin resis-
tance in patients with metabolic syndrome. Circ ], 2010;
74:572-577

24) Nakagomi A, Sasaki M, Ishikawa Y, Shibui T, Kosugi M,
Endoh Y, Morikawa M, Kusama Y, Atarashi H, Mizuno
K: Upregulation of monocyte tissue factor activity is sig-
nificantly associated with carotid intima-media thickness
in patients with metabolic syndrome. ] Atheroscler Thromb,
2011; 18: 475-486

25) deGoma EM, deGoma RL, Radar DJ: Beyond high-den-
sity lipoprotein cholesterol levels. ] Am Coll Cardiol,
2008; 51: 2199-2211

26) Nicholls SJ, Tuzcu EM, Sipahi I, Grasso AW, Schoenha-
gen B, Hu T, Wolski K, Crowe T, Desai MY, Hazen SL,
Kapadia SR, Nissen SE: Statins, high-density lipoprotein
cholesterol, and regression of coronary atherosclerosis.

JAMA, 2007; 297: 499-508

27) Chapman MJ: Pitavastatin: Novel effects on lipid param-
eters. Atherosclerosis supplement, 2011; 12: 277-284

28) Kurogi K, Sugiyama S, Sakamoto K, Tayama S, Naka-
mura S, Biwa T, Matsui K, Ogawa H; COMPACT-CAD
Investigators: Comparison of pitavastatin with atorvas-
tatin in increasing HDL-cholesterol and adiponectin in
patients with dyslipidemia and coronary artery disease:
The COMPACT-CAD study. ] Cardiol, 2013; 62: 87-94

29) Preiss D, Seshasai SRK, Welsh P, Murphy SA, Ho ]JE,
Waters DD, DeMicco DA, Barter P, Cannon CP, Sabatine
MS, Braunwald E, Kastelein JJ, de Lemos JA, Blazing
MA, Pedersen TR, Tikkanen M], Sattar N, Ray KK: Risk
of incident diabetes with intensive-dose compared with
moderate-dose statin therapy. A meta-analysis. JAMA,
2011; 305: 2556-2564

30) Carter AA, Gomes T, Camacho X, Juurlink DN, Shah BR,
Mamdani MM: Risk of incident diabetes among patients
treated with statins: population based study. BMJ, 2013;
346: 1-11

31) Rajpathak SN, Kumbhani D], Crandall ], Barzililai N,
Alderman M, Ridker PM: Statin therapy and risk of devel-
oping type 2 diabetes: A meta-analysis. Diabetes Care,
2009; 32: 1924-1929

32) Ishikawa M, Namiki A, Kubota T, Yajima S, Fukazawa M,
Moroi M, Sugi K: Effect of pravastatin and atorvastatin
on glucose metabolism in non-diabetic patients with hyper-
cholesterolemia. Intern Med, 2006; 45: 51-55

33) Mita T, Watada H, Nakayama S, Abe M, Ogihara T, Shi-
mizu T, Uchino H, Hirose T, Kawamori R: Preferable
effect of pravastatin compared to atorvastatin on beta cell
function in Japanese early-state type 2 diabetes with hyper-
cholesterolemia. Endocr J, 2007; 54: 441-447

34) Koh KK, Quon M]J, Han SH, Lee Y, Kim SJ, Shin EK:
Atorvastatin causes insulin resistance and increases ambi-
ent glycemia in hypercholesterolemic patients. ] Am Coll
Cardiol, 2010; 55: 1209-1216

35) Huang Y, Li W, Li R, Wu Y: Effect of statin therapy on
the progression of common carotid artery intima-media
thickness: An updated systemactic review and meta-analy-
sis of randomized controlled trials. ] Atheroscler Thromb,
2013; 20: 108-121

36) Zhou Q, Gensch C, Liao JK: Rho-associated coiled-coil-
forming kinases (ROCKs): potential targets for the treat-
ment of atherosclerosis and vascular disease. Trends Phar-
macol Sci, 2011; 32: 167-173

37) Wang C-Y, Liu P-Y, Liao JK: Pleiotropic effects of statin
therapy: molecular mechanisms and clinical results. Trends
Mol Med, 2007; 14: 37-44

38) Masamura K, Oida K, Kanehara H, Suzuki ], Horie S,
Ishii H, Miyamori I: Pitavastatin-induced thrombomodu-
lin expression by endothelial cells acts via inhibition of
small G proteins of Rho family. Arterioscler Thromb Vasc
Biol, 2003; 23: 512-517

39) Hamamoto T, Yen S-H, Gendron T, Ko L, Kuriyama M:
Pitavastatin decreases tau levels via the inactivation of
Rho/ROCK. Neurobiol Aging, 2012; 33: 2306-2320

40) Rawling R, Nohria A, Liao JK: Comparison of effects of
rosuvastatin (10mg) versus atorvastatin (40mg) on Rho
kinase (ROCK) activity in men with a previous athero-
sclerotic event. Am ] Cardiol, 2004; 103: 437-471




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


