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Original Article

Aim: The prospective, randomized, multicenter Myocardial Ischemia Treated with Percutaneous Coronary Inter-
vention and Plaque Regression by Lipid Lowering & Blood Pressure Controlling assessed by Intravascular Ultra-
sonography (MILLION) study demonstrated that combined treatment with atorvastatin and amlodipine enhanced 
coronary artery plaque regression. Although the baseline high-sensitive C-reactive protein (hs-CRP) reportedly 
plays an important role in atherogenesis, few data exist regarding the relationship between hs-CRP and plaque 
regression in patients receiving a combined atorvastatin and amlodipine therapy.

Methods: A total of 68 patients (male, 55; mean age, 64.2 years) with baseline and follow-up 3-dimensional 
intravascular ultrasound examinations in the MILLION study were stratified by baseline hs-CRP level quartiles. 
The serial measurements of lipid, blood pressure, and percentage changes in the plaque volume were compared 
between the groups, and the factors associated with the percentage change in the plaque volume were assessed.

Results: There were no significant between-group differences in the extent of change in low-density lipoprotein 
cholesterol (LDL-C) or systolic and diastolic blood pressure after 18–24 months of treatment. The percentage 
change in the plaque volume showed a linear association with the baseline hs-CRP (p for trend ＜0.05); however, 
there was no correlation with changes in LDL-C or systolic and diastolic blood pressure. In the multiple regres-
sion analysis, the baseline hs-CRP level was independently associated with the percentage change in the plaque 
volume (β=0.29, p=0.022).

Conclusions: Coronary plaque regression was associated with the baseline hs-CRP level in patients treated with 
a combined lipid- and blood pressure-lowering therapy.

benefits of statins are attributed to their cholesterol-
lowering effects, both coronary atheroma regression6) 
and clinical event reductions7) have also been shown 
to independently correlate with statin-mediated CRP 
reduction8). Moreover, an amlodipine-based blood pres-
sure (BP)-lowering regimen reduced hs-CRP levels and 
the incidence of major cardiovascular events in patients 
with hypertension compared with beta-blocker- and 
angiotensin-converting enzyme inhibitor-based regi-
mens9, 10). However, few data exist regarding the rela-
tionship between changes in hs-CRP levels and plaque 

Introduction

Although the statin-mediated cholesterol-lower-
ing therapy improves clinical outcomes, many treated 
individuals demonstrate atheroma progression1) and expe-
rience subsequent cardiovascular events. Inflammation 
is a key factor involved in the initiation, progression, 
and instability of atherosclerotic plaques2, 3), and some 
consider the prognostic efficacy of the baseline high-
sensitivity C-reactive protein (hs-CRP) level to be equiv-
alent to that of serum cholesterol levels4, 5). Although the 
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Serial Measurements of Lipid and BP
Serum cholesterol and triglycerides were measured 

every 2 months during the observation period to regu-
late atorvastatin and other lipid-lowering medication 
dosages. Apolipoproteins were analyzed at a central clin-
ical laboratory (SRL, Inc., Tokyo, Japan) at baseline 
and follow-up. BP was measured using a manual cuff 
and stethoscope monthly throughout the observation 
period to regulate amlodipine and other BP-lowering 
medication dosages.

Intravascular Ultrasound Examination and Analysis
Details of the IVUS examination and analysis have 

been documented elsewhere13). Briefly, an Atlantis SR 
Pro 2, 40 MHz imaging catheter (Boston Scientific, 
Natick, MA, US) was used to analyze the coronary 
plaque volume. The baseline and follow-up IVUS images 
were reviewed side-by-side on a display, and the target 
segment was selected. The target segment was deter-
mined in a non-PCI site (＞5 mm proximal or distal 
to the PCI site, or the other artery) with a reproduc-
ible index such as side branches, calcification, or stent 
edges. The IVUS catheter pullback was performed auto-
matically at 0.5 mm/s. The plaque volume was assessed 
by volumetric analysis with the echoPlaque2 system 
(Indec Systems, Inc., Los Altos, CA, US). Standard 
3-dimensional IVUS parameters such as vessel, lumen, 
and plaque volumes were assessed at both the baseline 
and follow-up. Volumetric data were standardized by 
length as the normalized volume, where the volume was 
multiplied by the median length analyzed in the entire 
cohort and divided by each observed length to com-
pensate for differences in the segment length between 
patients. The percentage change in the plaque volume 
was defined as a change in the plaque volume (follow-
up minus baseline plaque volume) divided by the base-
line plaque volume.

Statistical Analysis
Continuous variables are expressed as the mean±

standard deviation if normally distributed, and as the 
median (interquartile range) if non-normally distributed. 
Categorical data were compared using the chi-square or 
Fisher’s exact tests. Differences between the groups were 
evaluated by the analysis of variance for normally dis-
tributed continuous variables and by the Kruskal – Wal-
lis tests for non-normally distributed continuous vari-
ables. A test of trend in the IVUS parameters was per-
formed across quartiles. The effects of the plaque vol-
ume at baseline on IVUS parameters were evaluated 
by the analysis of covariance with the plaque volume 
at baseline included as a potentially confounding vari-
able. Since the distribution of the hs-CRP values was 
skewed to the left, a logarithmic transformation and a 

regression in the setting of combined atorvastatin and 
amlodipine therapy.

The Myocardial Ischemia Treated with Percutane-
ous Coronary Intervention and Plaque Regression by 
Lipid Lowering & Blood Pressure Controlling assessed 
by Intravascular Ultrasonography (MILLION) study, 
a prospective, randomized, multicenter investigation, 
evaluated the combined effect of aggressive low-den-
sity lipoprotein cholesterol (LDL-C) treatment with 
an atorvastatin-based therapy and BP control with an 
amlodipine-based therapy on the progression and regres-
sion of coronary plaques. That study demonstrated that 
lipid- and BP-lowering therapies acted synergistically 
to reduce coronary plaque11).

Aim

This subanalysis of the MILLION study aimed to 
evaluate the hypothesis that baseline hs-CRP predicts 
coronary plaque regression and progression in patients 
receiving combined statin and amlodipine therapy.

Methods

Study Population
Our subanalysis of the MILLION study (the 

University Hospital Medical Information Network ID: 
000002829, https://upload.umin.ac.jp/cgi-open-bin/ctr/
ctr_view.cgi?recptno=R000003446) was approved by the 
institutional review boards of all participating institu-
tions. Written informed consent was obtained from all 
enrolled patients at the start of the study. The study 
design was previously reported12). Briefly, 97 patients 
with coronary artery disease were randomized to receive 
either aggressive or standard reduction of both LDL-C 
and BP by atorvastatin- and amlodipine-based thera-
pies after a successful percutaneous coronary interven-
tion under the intravascular ultrasound (IVUS) guid-
ance. In the aggressive treatment group, the target serum 
LDL-C level and BP were 70 mg/dL and 120/70 mmHg, 
respectively. In the standard treatment group, the tar-
get serum LDL-C level and BP were 100 mg/dL and 
140/90 mmHg, respectively. If the LDL-C or BP did 
not reach the target value after the administration of 
the maximal atorvastatin or amlodipine dose, any lipid- 
or BP-lowering medication could be added. Follow-up 
IVUS examinations were performed after 18–24 months 
of statin and calcium channel blocker therapy.

In the present study, patients with 3-dimensional 
IVUS data at both the baseline and follow-up in the 
MILLION study were identified and stratified accord-
ing to the baseline hs-CRP level quartiles (25% quar-
tile=0.66, 50% quartile=1.92, and 75% quartile=8.15 
mg/L).
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(HDL-C), triglyceride, systolic pressure, or diastolic pres-
sure at baseline or follow-up between the 4 groups 
(Table 2). Moreover, there were no significant between-
group differences in the extent of change in LDL-C, 
HDL-C, triglycerides, systolic pressure, or diastolic pres-
sure after treatment (Table 2).

Intravascular Ultrasound Parameters
There were no significant differences in the vessel 

volume normalized, lumen volume normalized, or plaque vol-
ume normalized across the baseline hs-CRP level quartiles. 
(Table 3). Furthermore, there were no significant dif-
ferences in the percentage change in the vessel volume 
normalized, lumen volume normalized, or plaque volume normalized 
across the baseline hs-CRP level quartiles. Percentage 
change in the plaque volume rose progressively with 
increasing the baseline hs-CRP (p＜0.05 for trend) 
(Table 3, Fig.1). In the analysis of covariant with 
plaque volume at baseline included as a confounding 
variable, the percentage changes in the vessel volume 
normalized, lumen volume normalized, or plaque volume normalized 
were not significantly different among the baseline hs-
CRP level quartiles. Also, there was no interaction 
between the baseline hs-CRP level and the plaque vol-
ume at baseline (Table 3).

Factors Associated With Percentage Change in 
Plaque Volume

A multiple linear regression analysis, including age, 
male sex, and baseline HbA1c and log hs-CRP as covari-

natural logarithm [log (hs-CRP)] were employed to 
achieve approximate normality in further analysis. Uni-
variate and multivariate linear regression analyses were 
performed to detect factors that influenced percentage 
changes in the plaque volume. Univariate predictors 
with a p-value ＜0.2 were entered into the multivariate 
model. A p-value ＜0.05 was considered statistically 
significant. Stat View 5.0 (SAS Institute, Cary, NC, US) 
was used for data analysis.

Results

Baseline Characteristics
Sixty-eight enrollees of the MILLION study had 

the baseline and follow-up IVUS data (mean age, 62.9 
years; female, 21.2%). Diabetes and acute coronary syn-
drome were diagnosed in 22 (32.4%) and 43 (63.2%) 
of these patients, respectively, and plaque regression 
was observed in 52 (76%). Previous lipid-lowering ther-
apy was administered in 15.4% of patients. There were 
no significant differences in baseline characteristics in 
the 4 groups stratified by the baseline hs-CRP level 
quartile (Table 1).

Lipid and BP Control
In all cohorts, patients achieved very low LDL-C 

levels (69.1±17.5 mg/dL) and BP (118.6±13.2/70.8±
11.9 mmHg) following 18 –24 months of atorvastatin 
and amlodipine therapy. There were no significant dif-
ferences in LDL-C, high-density lipoprotein cholesterol 

Table 1. Baseline characteristics in 68 patients receiving atorvastatin and amlodipine 

Baseline hs-CRP
Quartile 1

(n=17)

Baseline hs-CRP
Quartile 2

(n=17)

Baseline hs-CRP
Quartile 3

(n=17)

Baseline hs-CRP
Quartile 4

(n=17)
p-value

Age (y)
Male (%)
BMI
Diabetes mellitus (%)
Current smoker (%)
ACS (%)
Prior lipid therapy (%)
Prior blood pressure therapy (%)
Concomitant drugs

Aspirin
Clopidogrel
ACEI or ARB
Beta-blocker
Warfarin

65.2±9.9
82.4

24.0±2.5
35.3
47.1
70.6
11.8
52.9

100
52.9
41.2

5.9
0

62.2±13.9
76.5

24.7±3.4
35.3
41.2
47.1

5.9
70.6

100
70.6
52.9
11.8

5.9

61.9±12.0
88.2

26.4±3.6
29.4
47.1
58.8
17.6
70.6

100
70.6
41.2
11.8

5.9

67.4±8.7
76.5

23.7±3.4
29.4
52.9
76.5
35.3
64.7

100
94.1
41.2
17.6

5.9

0.44
0.79
0.08
0.96
0.95
0.29
0.13
0.67

0.99
0.06
0.87
0.77
0.79

＊Values are mean±standard deviation or number (%).
ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BMI, body mass index; hs-
CRP, high-sensitivity C-reactive protein
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Discussion

The current analysis investigated the effect of base-
line hs-CRP levels on the coronary plaque progression 
in patients who achieved very low LDL-C levels (on 
average, 69.1 mg/dL) and BP (on average, 118.6/70.8 
mmHg) following 18 –24 months of atorvastatin and 
amlodipine therapy. Our subanalysis of the MILLION 
study produced 3 main findings in patients receiving 
potent lipid- and BP-lowering treatment. First, there 
were no significant differences in the baseline or fol-
low-up LDL-C or systolic and diastolic BP between the 
4 groups stratified according to baseline hs-CRP level 
quartiles. Further, the extent of post-treatment changes 
in LDL-C and BP showed no significant between-group 
differences. Second, a linear association was observed 
between the baseline hs-CRP levels and percentage 
changes in plaque volume, although changes in LDL-C 
and systolic and diastolic BP did not correlate with the 
percentage change in the plaque volume. Third, given 
these conditions, multiple regression analysis with an 

ates confirmed that the baseline log hs-CRP was inde-
pendently associated with the percentage change in the 
plaque volume (β=0.29, p=0.022) (Table 4). How-
ever, the log hs-CRP at the follow-up and delta log hs-
CRP were not associated with this percentage change. 
The baseline LDL-C level and systolic and diastolic BP 
were not significantly associated with the percentage 
change in the plaque volume.

Factors Associated With Baseline hs-CRP
Univariate and multivariate linear regression anal-

yses were performed to detect factors that influenced 
the baseline hs-CRP. Multiple linear regression analysis 
including age, male sex, baseline white blood cell, and 
creatinine phosphokinase, and clopidogrel usage at base-
line as covariates confirmed that the baseline white blood 
cell and clopidogrel usage at baseline were indepen-
dently associated with the baseline log hs-CRP (β=0.37, 
p=0.0013, β=0.25, p=0.0245, respectively) (Table 5).

Table 2. Risk factor measurements at baseline and follow-up in 68 patients receiving atorvastatin and amlodipine

Baseline hs-CRP
Quartile 1

(n=17)

Baseline hs-CRP
Quartile 2

(n=17)

Baseline hs-CRP
Quartile 3

(n=17)

Baseline hs-CRP
Quartile 4

(n=17)
p-value

LDL-C
Baseline, mg/dL
Follow-up, mg/dL
Delta, mg/dL

HDL-C
Baseline, mg/dL
Follow-up, mg/dL
Delta, mg/dL

Triglyceride
Baseline, mg/dL
Follow-up, mg/dL
Delta, mg/dL

Systolic blood pressure
Baseline, mmHg
Follow-up, mmHg
Delta, mg/dL

Diastolic blood pressure
Baseline, mmHg
Follow-up, mmHg
Delta, mg/dL

hs-CRP
Baseline, mg/L
Follow-up, mg/L
Delta, mg/L

113.7±27.5
70.9±18.4

－46.9±28.8

46.2±14.5
48.2±13.3
2.1±7.4

137.0 (97.0; 181.5)
94.0 (75.5; 122.0)

－43.0 (－69.5; －8.3)

137.9±21.9
114.4±12.4
－23.5±19.1

78.8±11.2
70.5±10.2
－8.3±16.2

0.52 (0.37; 0.61)
0.19 (0.09; 0.26)

－0.32 (－0.42; －0.18)

126.5±28.2
65.5±16.5

－61.0±26.3

45.2±10.4
42.9±6.4
－2.3±10.7

122.0 (95.0; 138.3)
84.0 (56.0; 99.3)

－42.0 (－75.8; 3.8)

138.5±23.3
120.6±10.9
－17.9±25.2

82.2±13.0
69.3±12.7

－12.9±17.7

1.16 (0.87; 1.37)
0.37 (0.23; 0.65)

－0.63 (－1.04; －0.36)

118.6±15.5
70.1±19.8

－48.5±18.6

43.2±10.5
43.6±11.3
0.4±11.2

138.0 (106.0; 194.8)
116.0 (66.3; 154.0)
－23.0 (－41.3; 7.0)

139.4±17.2
120.4±15.5
－26.1±35.5

84.2±11.2
71.9±10.9

－16.5±22.9

2.98 (2.58; 4.60)
0.77 (0.36; 2.17)

－2.33 (－3.82; －1.82)

115.7±24.5
69.9±15.4

－45.8±21.0

46.8±11.2
48.6±12.2

1.9±10.5

116.0 (83.8; 155.3)
138.0 (68.8; 153.5)
－14.0 (－54.8; 32.5)

134.6±26.4
119.1±14.1
－15.5±30.5

77.5±18.4
71.5±13.6
－6.1±23.8

15.10 (10.92; 21.63)
0.42 (0.35; 0.92)

－13.45 (－17.63; －9.46)

0.45
0.80
0.23

0.82
0.30
0.57

0.41
0.40
0.39

0.93
0.50
0.67

0.47
0.92
0.90

＜0.0001
0.0011

＜0.0001

＊Continuous variables are reported as the mean±standard deviation if normally distributed and median (interquartile range) if not normally dis-
tributed. HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.
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risk, as assessed by the baseline hs-CRP, may have an 
associated risk of future plaque progression. Recently, 
in the Canakinumab Antiinflammatory Thrombosis 
Outcome Study (CANTOS), canakinumab anti-inflam-
matory therapy targeting the interleukin-1β innate 
immunity pathway that reduces CRP and interleukin-6, 
led to a significantly lower rate of recurrent cardiovas-
cular events than did placebo, independently of lipid-
lowering treatment19). This result demonstrated that 
reducing vascular inflammation reduces the rate of car-
diovascular events even in the absence of concomitant 
lipid-lowering therapy and may support our findings 
paradoxically.

We found that the baseline hs-CRP level was asso-
ciated with the percentage change in the plaque vol-
ume, but changes in LDL-C and systolic and diastolic 
BP were not. Our results might have been affected by 
some of the conditions in the MILLION study. Approx-
imately 15% and 65% of participating patients received 
lipid- and BP-lowering therapy before enrollment, 
respectively, resulting in a relatively low cholesterol 
level and BP even at baseline. Moreover, the percent-
age changes in LDL-C and BP in the MILLION study 
were relatively low when compared to those of previ-
ous placebo-controlled studies10, 20, 21) because, for eth-
ical reasons, a placebo arm of patients who were not 
receiving lipid-lowering therapy could not be included. 
Given these conditions, although the LDL-C concen-
tration and BP have been established as causative risk 
factors in coronary disease, the effects of a lower LDL-C 
level and BP on plaque regression might be attenuated 
causing the impact of inflammatory markers such as 

adjustment for clinical characteristics and IVUS param-
eters demonstrated that the baseline hs-CRP level was 
independently associated with the percentage change 
in the plaque volume.

Previous trials using IVUS to study the effect of 
statins on coronary atherosclerosis demonstrated a lin-
ear relationship between post-treatment LDL-C levels 
and the reduction in atheroma burden14-17). On the 
other hand, although the mean on-treatment LDL-C 
levels in the Study of Coronary Atheroma by Intravas-
cular Ultrasound: Effect of Rosuvastatin Versus Atorv-
astatin (SATURN) were among the lowest achieved in 
any previously conducted imaging study of statin effects 
on atherosclerosis, 1 in 3 patients still experienced dis-
ease progression14). Similarly, the Global Assessment 
of Plaque Regression With a PCSK9 Antibody as Mea-
sured by Intravascular Ultrasound (GLAGOV) trial 
demonstrated that the mean on-treatment LDL-C level 
was 36.6 mg/dL after the addition of the PCSK9 inhib-
itor evolocumab in patients treated with statin therapy, 
resulting in a favorable effect on coronary atheroscle-
rosis progression measured by IVUS. However, as in 
the SATURN study, one-third of the patients still expe-
rienced disease progression despite achieving very low 
LDL-C levels18). The results of these trials suggest that 
other factors, such as inflammation, contributed to dis-
ease progression, independently of the cholesterol level 
in up to one-third of treated patients.

The main findings of our study confirm that hs-
CRP might be associated with atherosclerosis progres-
sion, independent of the LDL-C level. Further, statin- 
and amlodipine-treated patients with an inflammation 

Table 3. Intravascular ultrasound analysis at baseline and follow-up in 68 patients receiving atorvastatin and amlodipine

Baseline hs-CRP
Quartile 1

(n=17)

Baseline hs-CRP
Quartile 2

(n=17)

Baseline hs-CRP
Quartile 3

(n=17)

Baseline hs-CRP
Quartile 4

(n=17)

p-value
for trend

p-value§
p for

interaction†

Vessel volume normalized

Baseline, mm3 111.8±60.0 128.9±70.3 183.9±156.4 142.0±116.7 0.46 ＜0.0001 0.0015

Follow-up, mm3 109.1±61.5 120.7±65.1 169.7±128.8 142.6±115.4 0.23 ＜0.0001 ＜0.0001

Percentage change －2.0±14.0 －5.5±8.4 －0.3±19.3 －1.3±9.4 0.15 0.32 0.73

Lumen volume normalized

Baseline, mm3 57.5±28.2 67.4±45.1 89.6±64.5 73.6±59.7 0.48 ＜0.0001 0.0015

Follow-up, mm3 61.9±32.1 65.2±41.3 87.1±53.1 76.7±61.3 0.34 ＜0.0001 0.0002

Percentage change 8.9±25.8 0.5±21.1 9.0±34.6 7.5±19.3 0.78 0.51 0.95

Plaque volume normalized

Baseline, mm3 54.2±34.2 61.5±28.3 94.4±99.8 68.5±59.0 0.49 ‒ ‒

Follow-up, mm3 47.2±32.8 55.5±26.3 82.6±80.4 65.9±58.9 0.24 ＜0.0001 0.0018

Percentage change －12.9±12.5 －9.4±10.5 －8.7±12.6 －5.2±11.5 0.0466 0.73 0.69

＊Values are mean±standard deviation. §Analysis of covariance. †Interaction between the baseline hs-CRP and the plaque volume at baseline. 
hs-CRP, high-sensitivity C-reactive protein.
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line hs-CRP levels above 2 mg/L were considered as the 
threshold indicating the presence of an inflammatory 
condition. In our study, 50% of all patients did not 
achieve an LDL-C less than 70 mg/dL at the follow-
up; however, 91% of all patients achieved an hs-CRP 
less than 2.0 mg/L at the follow-up, suggesting that 
our cohort still had residual cholesterol risk. Under 
these conditions, the baseline hs-CRP level might have 
greater contribution to the percentage change in the 
plaque volume as compared with the effects of lower 
LDL-C level in this study. On the contrary, in some 
clinical trials including only patients with an hs-CRP 
below 2 mg/L, any type of LDL-C-lowering treatment 
did not change the CRP levels in spite of a substantial 
LDL-C reduction18, 25). These results suggested that the 
beneficial effect of LDL-C lowering therapies on sys-
temic inflammatory status, as monitored by changes 
in hs-CRP levels, was evident only in patients present-
ing with increased inflammatory conditions. In our 
study, the frequency of hs-CRP less than 2.0 mg/L at 

hs-CRP on plaque regression to be relatively exagger-
ated in the current study. Moreover, previous studies 
suggested that the best clinical outcomes were observed 
in patients who reached both an LDL-C less than 70 
mg/dL and an hs-CRP less than 2.0 mg/L7, 22). The 
JUPITER trial suggested that the greatest reduction in 
cardiovascular events was in the treatment group that 
achieved both LDL-C less than 70 mg/dL and hs-CRP 
less than 2 mg/L (65% reduction), compared with only 
a 33% risk reduction in patients that achieved one or 
neither target23). Furthermore, the CANTOS study con-
firmed that statin-treated patients with a residual inflam-
matory risk, as assessed by means of a hs-CRP ＞2 mg/
L at baseline, had future event rates that were at least 
as high as those among statin-treated patients with a 
residual risk due to the LDL-C level19). Amano T, et al. 
reported that the lipid-rich plaque assessed by the Vir-
tual Histology IVUS and hs-CRP level ＞2 mg/L at 
baseline could predict a coronary event during the fol-
low-up period24). From these results, patients with base-

Fig.1. Representative intravascular ultrasound images of coronary plaque regression after lipid- and blood pressure-lowering ther-
apy across the baseline high-sensitivity C-reactive protein (hs-CRP) level quartiles. The percentage change in the plaque vol-
ume rose progressively with increasing the baseline hs-CRP.
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Conclusion

Our results demonstrate that in patients simulta-
neously treated with lipid- and BP-lowering therapies, 
plaque regression and progression were associated with 
the baseline hs-CRP level. Inflammation may be an 
important factor that drives the progression of coro-
nary atherosclerosis despite an aggressive lipid- and BP-
lowering therapy.
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Appendix

The following are the major participants in the 
MILLION Study Group: Masakazu Yamagishi, Masa-

baseline was 51.5% of all cohort, those who had only 
a small change of hs-CRP in spite of statin therapy, 
indicating that these patients did not present a rele-
vant systemic inflammation. Therefore, the change in 
the hs-CRP level was not a factor that influenced per-
centage changes in the plaque volume.

Study Limitations
The present study has several limitations. First, it 

was a retrospective study based on a relatively limited 
sample size, raising the possibility of selection bias. Even 
under these conditions, however, we found that the 
baseline hs-CRP may be independently associated with 
plaque regression and progression. Second, as designed, 
our group comparison did not benefit from the origi-
nal study’s randomization; thus, the results could be 
subject to confounding and should be viewed as asso-
ciative rather than causal. Further prospective studies 
with a larger number of patients are necessary to more 
fully evaluate the impact of baseline hs-CRP on coro-
nary plaque regression. Lastly, other unmeasured vari-
ables could have influenced systemic levels of inflam-
mation, raising the possibility of confounding bias.

Table 4. Factors associated with the percentage change in the plaque volume by the linear regression analysis in 68 patients receiv-
ing atorvastatin and amlodipine

Univariate Model Multivariate Model＊

Standardized β Standard Error p-value Standardized β Standard Error p-value

Age
Male
Current smoking
Diabetes mellitus
Acute coronary syndrome
Body mass index
HbA1c at baseline
HbA1c at follow-up
Delta LDL-C
Delta HDL-C
(Log) delta triglyceride
Delta systolic BP
Delta diastolic BP
eGFR
(Log) hs-CRP at baseline
(Log) hs-CRP at follow-up
(Log) delta hs-CRP
Plaque volume at baseline
Vessel volume at baseline
Lumen volume at baseline

0.028
－0.004
－0.005
－0.151
－0.011

0.121
－0.191
－0.128

0.100
0.120
0.089
0.074

－0.024
－0.121

0.247
0.119

－0.128
－0.078
－0.034

0.023

0.129
5.384
2.901
3.143
3.003
0.434
1.439
1.758
0.060
0.145
0.021
0.052
0.072
0.072
2.119
3.255
2.708
0.023
0.013
0.028

0.82
0.98
0.97
0.23
0.93
0.33
0.12
0.31
0.42
0.33
0.47
0.55
0.84
0.84
0.0425
0.36
0.33
0.53
0.79
0.85

0.191
0.004

－0.270

0.329

0.208
5.061

1.759

2.690

0.24
0.98

0.10

0.0449

＊Adjustment for variables with p＜0.2 in a univariate analysis.
BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; (log) hs-CRP, log-transformed high-sensitive 
C-reactive protein; LDL, low-density lipoprotein.
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Cardiology, Kanazawa Cardiovascular Hospital; Yutaka 
Nitta, Tomio Taguchi, Bunji Kaku, Shoji Katsuda, Taiji 
Yoshida, Chikara Fujita, Tohru Aburao, Department 
of Cardiology, Toyama Red Cross Hospital; Kazuyasu 
Okeie, Masaru Kiyama, Masayuki Tsuchida, Munenori 
Ohta, Nobuo Ukawa, Department of Cardiology, Kosei-
ren Takaoka Hospital: Hiroaki Hirase, Tatsuo Haraki, 
Tomoharu Yoshikawa, Masafumi Hashimoto, Depart-
ment of Internal Medicine, Takaoka Municipal Hospital.
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Standardized β Standard Error p-value Standardized β Standard Error p-value

Age
Male
Current smoking
Diabetes mellitus
Acute coronary syndrome
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HbA1c at baseline
Total cholesterol at baseline
Triglyceride at baseline
HDL-C at baseline
LDL-C at baseline
Systolic BP at baseline
Diastolic BP at baseline
eGFR at baseline
WBC at baseline
CPK at baseline
Plaque volume at baseline
Vessel volume at baseline
Lumen volume at baseline
Clopidogrel usage at baseline
ACEI or ARB usage at baseline
Beta-blocker usage at baseline
Warfarin usage at baseline

0.072
－0.065

0.004
0.018
0.106

－0.005
0.099

－0.113
－0.110

0.048
－0.104
－0.025
－0.040
－0.016

0.408
0.261
0.125
0.139
0.141
0.287
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0.129
0.146

0.007
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0.163
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0.168
0.025
0.081
0.002
0.001
0.007
0.003
0.004
0.006
0.004
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0.001
0.001
0.001
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0.56
0.60
0.72
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0.39
0.97
0.43
0.36
0.37
0.70
0.40
0.84
0.75
0.90
0.0006
0.0314
0.31
0.26
0.25
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0.84
0.29
0.24

0.153
－0.100

0.371
0.196

0.251

0.007
0.189

0.00004
0.001

0.161

0.18
0.37

0.0013
0.08

0.0249

＊Adjustment for variables with p＜0.2 in a univariate analysis.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CPK, creatinine phosphokinase; eGFR, 
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; WBC, white blood cell.
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