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Japanese Subjects with Hypercholesterolemia: Kansai Investigation 
of Statin for Hyperlipidemic Intervention in Metabolism and 
Endocrinology (KISHIMEN) Investigators

Hiroyuki Koshiyama1, 8, Ataru Taniguchi2, Kiyoshi Tanaka3, Shinji Kagimoto4, Yoshio Fujioka5, 
Kenichi Hirata5, Yoshio Nakamura6, Akane Iwakura6, Kyoko Hara6, Taizo Yamamoto7, Akira Kuroe2, 
Michihiro Ohya2, Shimpei Fujimoto2, Yoshiyuki Hamamoto1, 8, Sachiko Honjo1, Hiroki Ikeda1, 
Koichiro Nabe1, Kinsuke Tsuda9, Nobuya Inagaki8, Yutaka Seino2, 8, and Noriaki Kume10

1Center for Diabetes & Endocrinology, The Tazuke Kofukai Foundation Medical Research Institute Kitano Hospital, Osaka, Japan
2Division of Diabetes and Clinical Nutrition, Kansai Electric Power Hospital, Osaka, Japan
3Department of Nutrition, Kyoto Women’s University, Kyoto, Japan
4Department of Endocrinology and Metabolism, Kamo Hospital, Kyoto, Japan
5Divison of Cardiovascular and Respiratory Medicine, Department of Internal Medicine, Kobe University Graduate School of 
Medicine, Kobe, Japan

6Division of Diabetes & Endocrinology, Department of Internal Medicine, Hyogo Prefectural Amagasaki Hospital, Hyogo, Japan
7Department of Endocrinology and Diabetes, Kyoto-Katsura Hospital, Kyoto, Japan
8Department of Diabetes & Clinical Nutrition, Graduate School of Medicine, Kyoto University, Kyoto, Japan
9Graduate School of Human Science, Kyoto University, Kyoto, Japan

10Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Aim: The effect of pitavastatin on high-sensitivity C-reactive protein (hs-CRP) has not been reported, 
yet, in humans. We, therefore, investigated the effects of pitavastatin on lipid profiles and hs-CRP in 
Japanese subjects with hypercholesterolemia.
Methods: The subjects were 178 Japanese with hypercholesterolemia, including 103 (58%) with type 
2 diabetes. Pitavastatin (1−2 mg/day) was administered for 12 months. Serum low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), remnant-like particle cho-
lesterol (RLP-C), triglycerides (TG) and hs-CRP levels were measured for 12 months.
Results: Serum LDL-C and RLP-C levels were significantly decreased by 30.3% and 22.8%, respec-
tively. Serum TG levels were decreased by 15.9% in subjects with basal TG levels above 150 mg/dl. 
Serum HDL-C levels were significantly increased. The administration of pitavastatin reduced serum 
hs-CRP levels by 34.8%. No serious adverse events were observed, including changes in glycosylated 
hemoglobin levels of diabetic patients.
Conclusion: These results suggest that pitavastatin significantly improves lipid profiles and reduces 
proinflammatory responses, without adverse effects, in Japanese subjects with hypercholesterolemia, 
including those with diabetes mellitus.
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Introduction

The 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase inhibitors (statins) are well 
known to reduce circulating low-density lipoprotein 
cholesterol (LDL-C) levels by inhibiting de novo cho-
lesterol synthesis in the liver and thereby inducing the 
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bexpression of hepatic LDL receptors1, 2). However, in 
clinical trials, the overall reductions in cardiovascular 
events following statins appear to occur much earlier 
and to a greater extent than expected from the levels 
of LDL-C lowering alone3, 4); therefore, it has been 
considered that statins have pleiotropic effects indepen-
dent of the reduction in circulating LDL-C levels3, 4), 
including anti-inflammatory effects5-8).

Numerous studies have suggested that low-grade 
inflammation has a pivotal role in atherosclerosis5, 9, 10). 
Prospective studies have indicated that high-sensitivity 
C-reactive protein (hs-CRP) is an important risk factor 
for atherosclerotic cardiovascular disease5, 9). Ridker et 
al. demonstrated that slight elevation in hs-CRP could 
lead to the evolution of atherosclerosis in humans5, 9). 
We previously demonstrated that hs-CRP is associated 
with insulin resistance and fibrinogen levels in non-
obese Japanese type 2 diabetic patients11). Athough 
few studies have investigatied the effect of statins on 
hs-CRP in humans, some conflicting reports exist. 
Several studies indicated that statins reduce hs-CRP 
levels5, 10, 12, 13); however, one study failed to demon-
strate the inhibitory effect of a statin on hs-CRP levels 
in diabetic subjects14).

Pitavastain is a synthetic strong statin, whose 
molecular structure is similar to atorvastain and rosuv-
astatin15). There has been a single report about the effect 
of pitavastatin on lipid profiles in humans16). Although 
several studies demonstrated that pitavastatin, as well 
as other lipophilic statins, has anti-inflammatory effects 
in vitro 6-8, 17), the effects of pitavastatin on inflam-
matory markers, including hs-CRP, have not been 
reported in humans in vivo to the best of our knowl-
edge.

In the present study, therefore, we explored the 
effects of pitavastatin on lipid profiles as well as 
hs-CRP levels in Japanese subjects with hypercholes-
terolemia, including those with diabetes mellitus.

Patients and Methods

This study was a 12-month, multi-center, pro-
spective, open-label study. Japanese patients, who met 
the following inclusion criteria: serum total-choles-
terol (TC) ≥220 mg/dL, and triglycerides (TG) ＜400 
mg/dL, were recruited. A total of 209 Japanese sub-
jects were enrolled, of which 31 were excluded because 
they did not follow the protocol. As a result, 178 cases 
were investigated. Pitavastatin in a dose of 1−2 mg/day 
was administered [1 mg/day in 44 cases (25%) and 2 
mg/day in 134 cases (75%)]. Before the administra-
tion of pitavastatin, no lipid-lowering medications had 
been administered in 111 cases (62 %), whereas other 

lipid-lowering drugs had been prescribed in 67 cases 
(38 %; 27 pravastatin, 18 atorvastatin, 10 simvastatin, 
8 fluvastatin, 1 rosuvastatin, 2 bezafibrate and 1 feno-
fibrate cases), all of which were withdrawn at least one 
week before the administration of pitavastatin.

Blood samples were obtained at the beginning 
and 3, 6 and 12months after the administration of 
pitavastatin. Serum TC, LDL-C, TG, HDL-C, glu-
cose, glycosylated hemoglobin (A1C), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), 
creatinine, and creatinine phosphokinase (CK) were 
measured by standard techniques. Remnant-like parti-
cle-cholesterol (RLP-C) and hs-CRP were measured 
by immunoaffinity gel (JIMRO, Japan) and N Latex 
CRP Ⅱ (Dade Behring Marburg GmbH, Marburg, 
Germany), respectively.

Continuous variables are shown as the mean±
S.E.M. when the distribution was normal. Statistically 
significant differences among groups were analyzed by 
paired t test. When the distribution was skewed, sta-
tistically significant differences among groups were 
analyzed by Wilcoxon signed-rank test. The JMP Soft-
ware computer program (Version 5.0 for Windows; 
SAS Institute Inc., Cary, NC, USA) was used for all 
statistical analyses. P values 0.05 were considered sig-
nificant.

This study was approved by the local ethics com-
mittee, and informed consent was obtained from all 
participants before the study.

Results

Basal characteristics of the 178 patients are shown 
in Table 1 [age: 62.0±0.9 years, 83 men (47%) and 
95 women (53%)]. The mean body mass index (BMI) 
and fasting glucose levels of the subjects were 24.5 
kg/m2 and 126.0 mg/dL, respectively. The participants 
in this study included 103 cases (58%) of type 2 
diabetes, 62 cases (35%) of hypertension, 7 cases (4%) 
of peripheral arterial disease, 12 cases (7%) of cerebral 
infarction, and 32 cases (18%) of coronary heart dis-
ease. Serum LDL-C levels were significantly decreased 
by 32.6%, 31.0% and 30.3% after 3, 6 and 12 months, 
respectively (Fig.1A). Serum TG levels were signifi-
cantly decreased by 17.7% and 15.9% after 3 and 
12 months, respectively, in subjects whose basal TG 
levels were more than 150 mg/dL, although serum TG 
levels were not significantly changed in overall subjects 
(Fig.1B). Serum HDL-C levels were significantly 
increased by 3.1%, 5.9% and 2.6% after 3, 6 and 12 
months, respectively (Fig.1C). In subjects whose basal 
HDL-C levels were below 40 mg/dL, HDL-C levels 
were increased by 16.2%, 22.4% and 19.0% after 3, 6 



346 Koshiyama et al. 347Pitavastatin Reduces Lipids and hs-CRP

and 12 months, respectively (Fig.1C). Furthermore, 
serum RLP-C levels were significantly decreased by 
14.0%, 20.2% and 22.8% after 3, 6 and 12 months, 
respectively (Fig.1D).

Serum hs-CRP levels were significantly decreased 
in 31 subjects after 12 months (median: 0.69 mg/L to 
0.45 mg/L, －34.8%, p＜0.01, Fig.2A). Pitavastatin 
similarly decreased hs-CRP levels in subjects with 
diabetes mellitus (median: 0.59 mg/L to 0.36 mg/L, 
－39.0%, p＜0.05, Fig.2B).

There was no significant correlation between 
changes in LDL-C and hs-CRP levels even after trans-
formation of hs-CRP values into a logarithm after 12 
months (r =0.124, p=0.39). We also found no sig-
nificant correlation between changes in hs-CRP and 
changes in serum TG or serum RLP-C levels during 
the study (data not shown) and there were no serious 
adverse events. In a subgroup of diabetic patients, 
there was a slight and statistically insignificant decrease 
in A1C after pitavastatin treatment for 12 months 
(7.0% to 6.9%, n=80, p=0.07).

Table 1. Basal characteristics of subjects.

Age
Male %
BMI (kg/m2)
LDL-C (mg/dL)
HDL-C (mg/dL)
TG (mg/dL)
TC (mg/dL)
RLP-C (mg/dL)
A1C (%) 
FPG (mg/dL)
hs-CRP (mg/L) 
Diabetes mellitus %
Hypertension %
Peripheral arterial disease %
Cerebral infarction %
Coronary heart disease %

62.0±0.9 (178)
47% (83)

24.5±0.3 (174)
153.4±3.3 (174)

57.8±1.4 (134)
154.7±5.5 (175)
242.2±3.6 (174)

7.9±0.5 (63)
7.2±0.2 (139)

126.0±3.9 (116)
0.69 (0.33−1.36) (31)

58% (103)
35% (62)

4% (7)
7% (12)

18% (32)

Data are presented as the mean±S.E.M. Numbers of subjects are 
shown in parentheses. Abbreviations: TC: total cholesterol, FPG: fast-
ing plasma glucose.

Fig.1. Effect of pitavastatin on lipid levels in all subjects.

A: Effect of pitavastatin on total cholesterol (TC) and LDL cholesterol (LDL-C) levels. B: Effect of pitavas-
tatin on triglyceride (TG) levels in all subjects and in subjects with basal TG levels of more than 150 mg/dL. 
C: Effect of pitavastatin on HDL cholesterol (HDL-C) levels. Data in subjects with basal HDL-C levels less 
than 40 mg/dL are indicated separately. D: Effect of pitavastatin on remnant-like particle cholesterol (RLP-C) 
levels.
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Discussion

The present study demonstrated that pitavastatin 
improved serum lipid profiles in Japanese subjects 
with hypercholesterolemia: a decrease in LDL-C, 
an increase in HDL-C, a decrease in RLP-C, and a 
decrease in TG among those with higher basal TG lev-
els. The improvement in lipid profiles was compatible 
with a recent report on pitavastatin in Japanese sub-
jects16), although, in the present study, LDL-C levels 
before the administration of pitavastatin were lower 
(153±3 mg/dL) than in the previous report (183±21 
mg/dL)16).

Like other statins, pitavastatin has been indicated 
to have pleiotropic effects on vascular cells in vitro. In 
cell culture experiments, for example, pitavastatin is 
reported to reduce osteopontin expression in rat vas-
cular smooth muscle cells17), suppress interleukin-8 
(IL-8), monocyte chemoattractant protein-1 and endo-
thelin-1 expression, enhance endothelial nitric oxide 
synthase expression7), and inhibit CRP-induced IL-8 
production8), thus showing its direct ant-inflamma-
tory and anti-atherogenic effect. However, there have 
been no reports about anti-inflammatory effects of 
pitavastatin in vivo in humans.

The present study showed that pitavastatin low-
ered hs-CRP in patients with hypercholesterolemia. 
A recent study in Korea has showen that pitavastatin 

reduced mean hs-CRP levels from 24.6 to 16.5 mg/L  
by 8-week treatment18). In the present study, pitavas-
tatin, at similar doses, significantly reduced hs-CRP 
levels in hypercholesterolemic subjects, including type 
2 diabetes, with lower basal hs-CRP levels. These find-
ings have been supported by previous reports which 
indicated anti-inflammatory effects of pitavastatin in 
vitro6, 8). There have been conflicting reports about the 
effects of statins on hs-CRP in vivo in diabetic sub-
jects; one report did not show a significantly decrease 
in hs-CRP after atorvastatin14). Therefore, it is possi-
ble that diabetic patients are resistant to the inhibi-
tory effects of statins on hs-CRP, although diabetic 
patients showed a significant decrease in hs-CRP after 
atorvastatin in a recent paper19). The present as well as 
the previous study18), also demonstrated that pitava-
statin, a new synthetic lipophilic strong statin, low-
ered hs-CRP levels in hypercholesterolemic subjects, 
including type 2 diabetes. There was no significant 
correlation between pitavastatin-induced decreases in 
hs-CRP and LDL-C, in the present study with pitava-
statin, as previously reported with other statins9, 10, 12, 19). 
We also found no significant correlation between 
pitavastatin-induced decrement in hs-CRP and those 
in RLP-C in this study cohort. Thus, it is suggested 
that pitavastatin may have direct anti-inflammatory 
effects which are independent of improved lipid pro-
files. A previous study showed thst non-responders, 

Fig.2. Effect of pitavastatin on hs-CRP levels in all patients (panel A) and patients with type 
2 diabetes (panel B) after 12 months.

Data are presented as the mean±S.E.M. Numbers of subjects are shown in parentheses. ＊p＜0.05 
vs. basal values, ＊＊p＜0.01 vs. basal values.
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whose LDL-C levels were above 100 mg/dL after ator-
vastatin treatment, tender to be resistant to hs-CRP 
reduction by statin treatment19); however, the present 
study did not show such a tendency but hs-CRP reduc-
tion to be independent of LDL-C levels after pitavas-
tatin treatment (data not shown).

There were no serious adverse events in the pres-
ent study, including A1C changes in subjects with 
diabetes mellitus. In contrast, atorvastatin has been 
reported to result in a slight but significant increase of 
A1C in Caucasian diabetic subjects, as shown by the 
Collaborative Atorvastatin Diabetes Study (CARDS)20). 
It has been shown that Japanese subjects with type 2 
diabetes are mainly insulin-deficient rather than insu-
lin-resistant21). In addition, Asians have higher plasma 
levels of statins than Caucasians22). Therefore, it is 
possible to speculate that Japanese subjects with type 2 
diabetes may be more prone to worsening glycemic 
control due to, if any, adverse effects of statins on 
insulin secretion; however, the persent study indicated 
that pitavastatin did not significantly worsen glycemic 
control in Japanese diabetic subjects.

This study is limited by the fact that it was an 
uncontrolled study with a moderate number of sub-
jects, especially a relatively small number with hs-CRP 
measurement. It is to be noted, however, that the sub-
jects showed lower basal hs-CRP levels before pitavas-
tatin treatment (median: 0.69 mg/L) than those in pre-
vious studies of Caucasians (median: about 3 mg/L)5, 9). 
In the Pravastatin Inflammation/CRP Evaluation 
(PRINCE) study, baseline hs-CRP levels were the 
major determinants of the change in hs-CRP levels 
after pravastatin12), indicating that anti-inflammatory 
effects of statins would be more pronounced in sub-
jects with higher hs-CRP levels. It is intriguing that 
pitvastatin was able to reduce hs-CRP even in subjects 
with lower basal hs-CRP levels in the present study. 
Previous large scale cardiovascular event outcome stud-
ies with other statins have been conducted in Cauca-
sians with high basal hs-CRP levels; therefore, it is of 
clinical importance to investigate whether pitavastatin 
can similarly reduce cardiovascular events among 
Japanese subjects with lower basal hs-CRP values than 
Caucasians10, 23, 24).

Conclusions

It is concluded that pitavastatin improves lipid 
profiles, including the reduction of RLP-C levels, and 
that it decreases hs-CRP levels independently of im-
proved lipid profiles, without any adverse effects, in 
Japanese subjects with hypercholesterolemia, includ-
ing type 2 diabetes.
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