
1137

J Atheroscler Thromb, 2018; 25: 1137-1148.   http://doi.org/10.5551/jat.42861

The official journal of the Japan Atherosclerosis Society and 
the Asian Pacific Society of Atherosclerosis and Vascular Diseases

Original Article

Aim: Speckle-tracking imaging has been introduced for the precise assessment of vessel mechanics. However, 
there are no data on the role of this imaging tool in assessing the changes in vasculature with statin therapy, 
which is known to enhance vascular elasticity. 

Methods: This study was a prospective study including 48 statin-naïve patients (age, 58.2±8.4 years; 29.2% 
male) with hypercholesterolemia. Circumferential carotid artery strain (CAS) and stiffness index (β2) were mea-
sured using speckle-tracking imaging before and after 3 months of high-dose pitavastatin treatment (4 mg daily). 
For the comparison, we measured conventional carotid elasticity parameters and intima–media thickness using 
B-mode ultrasound at the same time points. 

Results: Compared with baseline, there was significant improvement in circumferential CAS (2.98%±1.18% to 
3.40%±1.43%, p=0.008) and β2 (0.19±0.07 to 0.17±0.08, p=0.047) after statin therapy. Contrariwise, there 
were no significant changes in all conventional carotid elasticity metrics and intima–media thickness. When 
stratifying patients into two subgroups by 10 year atherosclerotic cardiovascular disease (ASCVD) risk, speckle-
tracking-derived circumferential CAS and β2 improved significantly only in patients with ASCVD risk ≥ 7.5%. 

Conclusions: Short-term treatment with high-dose pitavastatin improved carotid artery elasticity measured by 
speckle-tracking method, but not conventional parameters by B-mode ultrasound. Speckle-tracking-based mea-
surements may allow the early noninvasive assessment of statin effects on vascular function in hypercholesterol-
emic patients. 

leading to an increased risk of cardiovascular events, 
including stroke, myocardial infarction, and heart fail-
ure1). The loss of arterial elasticity has been suggested 

Introduction

Atherosclerosis is a growing problem worldwide, 
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Methods

Study Population and Design
From June 2014 to June 2015, we prospectively 

screened 66 patients with hypercholesterolemia who 
were candidates for statin treatment according to the 
National Cholesterol Education Program: Adult Treat-
ment Panel III13). To be eligible, participants were 
required to meet the following criteria: (1) age from 
40 to 80 years, (2) statin-naïve subjects, and (3) low-
density lipoprotein cholesterol (LDL-C) ≥ 130 mg/dL 
with more than or equal to two major risk factors for 
coronary heart disease (CHD) or LDL-C ≥ 160 mg/
dL with less than two risk factors. Major risk factors 
for CHD include (1) ≥ 45 years of age for men or ≥ 
55 years of age for women, (2) family history of pre-
mature CHD (CHD in male first-degree relative ＜55 
years or in female first-degree relative ＜65 years), (3) 
current cigarette smoking, (4) blood pressure (BP) ≥ 
140/90 mmHg or on anti-hypertensive medication, 
and (5) high-density lipoprotein cholesterol (HDL-C) 
＜40 mg/dL. Exclusion criteria were (1) hospitaliza-
tion for acute coronary syndrome or cerebrovascular 
disease within the previous 2 months; (2) the use of 
statin or other lipid-lowering medication within the 
previous 3 months; (3) impaired hepatic function or a 
history of liver disease; (4) chronic renal failure; (5) a 
history of malignancy; (6) any known contraindica-
tion to statin therapy, such as statin allergy, ciclosporin 
use, pregnancy, breastfeeding, myopathy, or lactose 
intolerance; and (7) failure to obtain informed con-
sent from participants. Of the 66 patients initially 
screened, 6 patients did not meet eligibility criteria, 
11 patients were eligible but refuse to participate, and 
1 patient withdrew the consent during follow-up. 
Finally, a total of 48 patients with hypercholesterol-
emia were included for final analysis. A flowchart is 
provided in Fig.1. 

On the basis of baseline data collected, an indi-
vidual’s 10 year risk for ASCVD events was calculated 
using the Pooled Cohort Equations14). Patients were 
considered to be at elevated risk if an estimated 10 
year ASCVD risk was ≥ 7.5%. All subjects received 
pitavastatin 4 mg daily for 3 months. Study assess-
ments were performed at baseline and 3 months after 
statin therapy, which consisted of medical history 
including adverse events, physical examination, BP 
measurements, carotid ultrasound, and laboratory 
tests including lipid profiles, liver and kidney function 
tests, and high-sensitivity C-reactive protein (hs-CRP). 
The study protocol was approved by our institutional 
review board and is in accordance with the Declara-
tion of Helsinki. All study subjects provided written 
informed consent to participate in this study.

as an early marker of atherosclerosis and a strong pre-
dictor of subsequent risk of cardiovascular diseases2). 
Evidence is also emerging that treatment to improve 
the arterial compliance can potentially reduce cardio-
vascular morbidity and mortality.

Statins have been the mainstay of therapy for 
atherosclerotic cardiovascular diseases (ASCVDs), dra-
matically reducing mortality and morbidity. There are 
several lines of evidence suggesting that statins can 
exhibit pleiotropic effects on the cardiovascular system 
in addition to their cholesterol-lowering properties. 
Previous studies showed that atorvastatin treatment 
was associated with better endothelium-dependent 
vasodilatation3, 4). Other studies also demonstrated 
that statin therapy improved carotid artery stiffness 
measured by ultrasound, providing the potential to 
extend the benefits of statin therapy to asymptomatic 
subjects with early atherosclerosis5, 6). 

However, the impact of statins on carotid artery 
elasticity has to be further evaluated, because previous 
results were mainly based on the measurements of 
changes in carotid diameter obtained by B-mode 
ultrasound, which is a one-dimensional approach hav-
ing several limitations in accurately assessing carotid 
elasticity, such as angle dependency (i.e., increased risk 
of measuring errors resulted from the deviation of 
ultrasound beam from the center)7, 8). As part of the 
efforts to overcome these limitations of conventional 
techniques, 2-dimensional (2D) speckle-tracking 
imaging has been introduced as a novel technology 
allowing the assessment of cardiovascular mechanics 
with less angle dependency8). As evidence has subse-
quently mounted for the additional advantages of 
speckle-tracking imaging over traditional modalities, 
such as improved sensitivity, this state-of-the-art imag-
ing has been increasingly used not only for early detec-
tion of changes in cardiovascular mechanics in various 
disease conditions9-11) but also for assessment of their 
improvement after treatments12). Although the appli-
cation of speckle-tracking imaging has also been 
extended to the measurement of the mechanical prop-
erties of carotid arteries, its utility in evaluating the 
effect of statin use on carotid elasticity has not been 
studied to date.

Aim

We sought to determine whether 2D speckle-
tracking strain imaging could evaluate the impact of 
short-term treatment with high-dose pitavastatin on 
carotid arterial elasticity. 
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the cross-sectional area of the CCA wall. The software 
automatically detected frame-to-frame movement of 
each speckle on the CCA wall during the cardiac 
cycle. The CCA wall was equally divided into six seg-
ments, and each segment was analyzed individually. 
From each time-strain curve for all six segments, the 
global circumferential peak systolic strain (%) was 
determined automatically. Systolic BP (SBP) and dia-
stolic BP (DBP) were measured before and after the 
carotid ultrasound examination and then averaged. 
Speckle-tracking-derived stiffness index (β2) was cal-
culated as follows: β2= ln(SBP/DBP)/strain by 
speckle-tracking8, 19). Fig.2 shows a typical example of 
circumferential CAS measurement.

Conventional carotid artery elasticity metrics, 
intima–media thickness (IMT), and maximal carotid 
plaque thickness were also assessed using B-mode 
ultrasound as previously described5). Briefly, systolic 
diameter (Ds) and diastolic diameter (Dd) were mea-
sured and averaged over three cardiac cycles. Elasticity 
variables were calculated as follows: strain by B-mode 
(%)= (Ds－Dd)/Dd, classic stiffness index (β1)=  
ln(SBP/DBP)/strain by B-mode ultrasound, and dis-
tensibility=1/[ln(SBP/DBP)/strain by B-mode ultra-
sound×IMT]. Carotid IMT was defined as the dis-
tance between the leading edges of the first and sec-

Carotid Ultrasound
Ultrasound images were acquired with a GE 

Vivid E9 system (GE Healthcare) and a 7.5-MHz lin-
ear 2D array transducer, following a standardized pro-
tocol15). To allow accurate comparison between base-
line and follow-up assessments for the same partici-
pant, great care was taken into selecting the same site 
for measurements of carotid ultrasound parameters. 
Specifically, the distal left common carotid arteries 
(CCA) were imaged 10 mm inferior to the carotid 
bulb in transverse and longitudinal sections with elec-
trocardiography gating over at least three cardiac 
cycles. Furthermore, according to our routine protocol 
for carotid ultrasound used in clinical practice as well 
as in clinical trials, sonographers reviewed previous 
common carotid artery images, particularly focusing 
on the carotid bulb, obtained during prior examina-
tions on the participant, which enabled to confirm 
location and orientation of the landmarks of the 
carotid artery and served as an aid for the sonogra-
phers in localizing the carotid bulb. Images were trans-
ferred to a workstation equipped with 2D strain soft-
ware (EchoPAC version 201; GE Healthcare). Then, 
carotid arterial strain (CAS) analysis was performed 
using speckle-tracking as previously described7, 16-18). 
Briefly, all the regions of interest were placed to cover 

Number of patients screened:
66

Number of eligible patients:
60

6 Unmet eligibility criteria

Number of patients for final
analysis: 48

11 Refusal for study participation
1 Withdrawal during the study

Fig.1. Flowchart of study subjects
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assessment of intraobserver variability, measurements 
were repeated by the same investigator twice, at least 1 
week apart. Additional measurements were performed 
by a second observer blinded to the previous results 
for the assessment of interobserver variability.

Statistical Analysis
The sample size was determined on the basis of a 

previous pilot study that adopted similar eligibility 
criteria as were used in our study5). The continuous 
variables were expressed as means±standard devia-
tions or medians (interquartile ranges) as appropriate, 
whereas categorical variables were expressed as num-
bers (percentages). Comparisons of continuous and 
categorical variables were performed using the Mann–
Whitney U and Fisher exact tests, respectively. The 
paired Wilcoxon signed rank test was used to study 
the change in variables between baseline and 3 months 
after statin therapy. Two-sided p values ＜0.05 were 
considered statistically significant. All analyses were 
performed using SPSS version 22.0 (IBM Co., 
Armonk, NY, USA). 

Results

Table 1 shows baseline clinical and laboratory 

ond echogenic lines, representing the lumen–intimal 
interface and the upper layer of the adventitia, respec-
tively. IMT was measured at the far wall of the left 
CCA, and the mean rather than the maximal IMT 
was used for the analyses. All analyses were performed 
by independent observers blinded to the study proto-
col. 

Outcome Measures
The primary outcome was the change in circum-

ferential CAS measured by speckle-tracking imaging 
after 3 months of pitavastatin treatment. The second-
ary outcomes were the changes in speckle-tracking 
imaging-derived stiffness index (β2), conventional 
carotid elasticity parameters [conventional strain, 
carotid stiffness (β1), distensibility], mean IMT, and 
laboratory tests after 3 months of treatment. Analyses 
were performed in subjects with adherence to statin 
treatment ≥ 70% and complete data on both baseline 
and follow-up measurements (per protocol analysis). 

Reproducibility Assessment 
The interobserver and intraobserver variabilities 

of speckle-tracking measurements were assessed using 
intraclass correlation coefficients and Bland–Altman 
analysis in a random subset of 30 patients. For the 

Peak systolic strain

Fig.2. Representative examples of measurements of CAS by speckle-tracking imaging
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and likely to have lower HDL-C, higher creatinine, 
and higher hs-CRP levels. Clinical and laboratory 
characteristics at baseline and at follow-up are summa-
rized in Table 2. Total cholesterol and LDL-C levels 
significantly reduced after 3 months of pitavastatin 
treatment, compared with baseline. There were no sig-
nificant changes in the values of other laboratory val-
ues including hs-CRP.

Effect of Pitavastatin on Carotid Ultrasound 
Parameters

Effects of high-dose pitavastatin on the carotid 
ultrasound variables are shown in Table 3. After 3 
months of pitavastatin treatment, speckle-tracking-
derived circumferential CAS significantly increased 
(2.98%±1.18% to 3.40%±1.43%, increase of 
0.43%±1.13%, p=0.008) and β2 significantly 
decreased compared with baseline (0.19±0.07 to 0.17 

characteristics of study patients. The mean age was 58 
±8 years, and female predominance was observed 
(70.8%, [34/48]). Thirty-two patients (66.7%) had 
hypertension, and 8 patients (16.7%) had diabetes. 
None of the patients had coronary artery disease. Of 
the patients, 25 (52.1%) were taking angiotensin-con-
verting enzyme (ACE) inhibitors or angiotensin recep-
tor blockers (ARB), 10 (20.8%) were taking beta-
blockers, and 15 (31.3%) were taking calcium-chan-
nel blockers (CCB). The medication types and doses 
were not changed from baseline to the end of pitavas-
tatin treatment. Initial laboratory analysis showed no 
abnormal findings, except for elevated total cholesterol 
and LDL-C levels. Among all study participants, 18 
patients (37.5%) had a 10 year risk for ASCVD events 
of ≥ 7.5%. These patients with elevated ASCVD risk 
were older; more frequently male; more likely to have 
a history of diabetes mellitus and current smoking; 

Table 1. Baseline characteristics of the study population

Overall 
(n =48)

10-year ASCVD risk 
＜7.5% (n =30)

10-year ASCVD risk 
≥ 7.5% (n =18)

p value

Clinical data
Age (years)
Female, n (%)
Body mass index, kg/m2

Body surface area, m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, bpm
Hypertension, n (%)
Diabetes mellitus, n (%)
Smoking, n (%)
Medication, n (%)

ACEI or ARB
Beta blocker
Calcium channel blocker

Laboratory data
Total cholesterol, mg/dL
LDL-C, mg/dL
HDL-C, mg/dL
Triglyceride, mg/dL
Aspartate Aminotransferase, IU/L
Alanine Aminotransferase, IU/L
Bilirubin, g/dl
Blood urea nitrogen, mg/dL
Creatinine, mg/dL
hs-CRP, mg/dL

 
58.2±8.4
34 (70.8)

24.8±3.2
1.66±0.15
123±11

74±10
70±11

32 (66.7)
8 (16.7)
8 (16.7)

 
25 (52.1)
10 (20.8)
15 (31.3)

 
246.5±19.6
168.8±19.7
56.0±10.6

144.1±67.3
26.4±13.0
29.4±21.9

0.8±0.4
14.8±3.8
0.82±0.15

0.12 (0.03-0.26)

 
54.8±6.9
27 (90.0)

24.6±3.2
1.63±0.15
121±10

74±10
69±12

18 (60.0)
1 (3.3)
1 (3.3)

 
13 (43.3)

6 (20.0)
6 (20.0)

 
248.8±18.0
170.2±15.9
58.2±8.5

134.9±57.7
26.6±14.1
28.5±22.2

0.8±0.5
14.9±3.5
0.77±0.13

0.04 (0.01-0.13)

 
63.8±7.5
7 (38.9)

25.1±3.2
1.71±0.13
126±11

74±9
72±9

14 (77.8)
7 (38.9)
7 (38.9)

 
12 (66.7)

4 (22.2)
9 (50.0)

 
242.6±21.9
166.5±25.1
52.3±12.9

159.6±80.1
26.0±11.2
31.1±21.9

0.9±0.4
14.5±4.3
0.90±0.16

0.16 (0.07-0.27)

 
0.001

＜0.001
0.694
0.020
0.199
1.000
0.350
0.343
0.003
0.003

 
0.145
1.000
0.052

 
0.250
0.456
0.028
0.437
0.623
0.757
0.627
0.542
0.007
0.008

Values are given as mean±standard deviation or number (percentage), except for high-sensitivity C-reactive protein given as median 
(interquartile range).
ASCVD, Atherosclerotic Cardiovascular Disease; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; 
LDL-C, low-density lipoprotein cholesterol; HLD-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein.
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80.3±18.9 mg/dL, p＜0.001). However, significant 
improvements in speckle-tracking-derived circumfer-
ential CAS (increase of 0.64%±1.17%, p=0.045) and 
β2 from baseline (decrease of 0.04±0.08, p=0.028) 
were observed in patients with ASCVD risk ≥ 7.5%, 
but not in those with ASCVD risk ＜7.5% (increase 
in circumferential CAS of 0.30%±1.11%, p=0.076 
and decrease in β2 of 0.01±0.08, p=0.417) (Fig.4). 
There were no significant changes in conventional 
carotid elasticity metrics, mean IMT, and maximal 
carotid plaque thickness after pitavastatin therapy in 
both subgroups.

Differences in Statin Effects According to Baseline 
LDL-C Levels

When dividing the patients into two groups 
according to the baseline LDL-C level (≥ 190 mg/dL 
versus ＜190 mg/dL), CAS was significantly improved 
in both 6 patients (12.5%) with baseline LDL-C level 

±0.08, decrease of 0.02±0.08, p=0.047). There was 
no significant improvement in strain measured by 
B-mode ultrasound (10.13%±5.78% to 10.40%± 
4.68%, increase of 0.28%±6.11%, p=0.644). No 
other conventional carotid elasticity metrics improved 
significantly after pitavastatin therapy. No significant 
changes were observed in mean carotid IMT and max-
imal plaque thickness from baseline. Fig.3 shows the 
individual changes in carotid ultrasound measure-
ments by 3 months of pitavastatin therapy. 

Differences in Statin Effects According to ASCVD 
Risk

When we stratified 48 patients into two sub-
groups according to the estimated ASCVD risk, 
LDL-C levels were significantly reduced with pitavas-
tatin therapy in both patients with ASCVD risk ≥ 
7.5% (decrease of －76.5±25.2 mg/dL, p＜0.001) 
and those with ASCVD risk ＜7.5% (decrease of －

Table 2. Clinical and laboratory features before and after pitavastatin treatment 

Baseline 3 months p value

Clinical data
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, bpm

Laboratory data
Total cholesterol, mg/dL
LDL-C, mg/dL
HDL-C, mg/dL
Triglyceride, mg/dL
hs-CRP, mg/dL

 
123±11

74±10
70±11

 
246.5±19.6
168.8±19.7
56.0±10.6

144.1±67.3
0.12 (0.03-0.26)

 
125±12
75±10
68±8

 
165.0±27.3

89.9±25.5
55.7±11.8

137.3±54.0
0.14 (0.04-0.26)

 
0.549
0.281
0.477

 
＜0.001
＜0.001

0.834
0.619
0.256

Values are given as mean±standard deviation or number (percentage), except for high-sensitivity C-reactive 
protein given as median (interquartile range).
LDL-C, low-density lipoprotein cholesterol; HLD-C, high-density lipoprotein cholesterol; hs-CRP, high-sen-
sitivity C-reactive protein.

Table 3. Carotid ultrasound parameters before and after pitavastatin treatment

Baseline 3 months p value

Elasticity parameters by speckle-tracking method
Circumferential CAS, %
Stiffness index (β2) 

Elasticity parameters by B-mode ultrasound
Strain (fractional diameter change), %
Stiffness index (β1)
Distensibility

Intima-media thickness, mm
Maximal carotid plaque thickness, mm

 
2.98±1.18
0.19±0.07

10.1±5.8
0.06±0.03
28.0±14.3
0.74±0.16
1.99±0.75

 
3.40±1.43
0.17±0.08

 
10.4±4.7
0.06±0.03
31.6±19.5
0.73±0.15
1.98±0.58

  
0.008
0.047

 
0.644
0.545
0.389
0.231
0.786

Values are given as mean±standard deviation. 
CAS, carotid artery strain.
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Discussion

The major findings of the current study are as 
follows: (1) short-term treatment with high-dose 
pitavastatin significantly improved carotid artery elas-
ticity measured by speckle-tracking ultrasound, (2) 
conventional carotid elasticity parameters and mean 
IMT did not change after pitavastatin treatment, and 
(3) the measurement of circumferential CAS by 
speckle-tracking imaging was feasible and reproduc-
ible. These findings suggest that high-dose statin treat-
ment exerts beneficial effects on vascular function in 
patients with hypercholesterolemia. Our study also 
implies that speckle-tracking imaging-based measure-
ments may allow the early assessment of the potential 
vascular protective effects of statins.

Our results are in line with previous observations 
and strengthen the idea that statin therapy may have 
beneficial effects on arterial stiffness5, 6). Earlier basic 
research suggested biologically plausible mechanisms 
for the benefits of statin use on vascular function, 
including anti-inflammatory properties20), modulation 

≥ 190 mg/dL and 42 patients (87.5%) with LDL-C 
＜190 mg/dL. The magnitude and significance of 
such improvement in CAS was greater in patients with 
LDL-C ≥ 190 mg/dL (＋1.06±1.00, p=0.028) than 
those with LDL-C ＜190 mg/dL (＋0.34±1.13, p=  
0.046). With regard to β2, it was significantly 
improved in patients with LDL-C ≥ 190 mg/dL (－
0.06±0.06, p=0.046), but not in those with LDL-C 
＜190 mg/dL (－0.01±0.08, p=0.163) (Supplemen-
tal Fig.1).

Measurement Reproducibility
Intraobserver and interobserver variabilities for 

circumferential CAS using speckle-tracking method 
were determined in all patients. Intraclass correlation 
coefficients (95% confidence interval) were 0.98 
(0.96–0.99) for intraobserver variability and 0.97 
(0.93–0.98) for interobserver variability, respectively. 
Bland–Altman plots also demonstrated low interob-
server and intraobserver variabilities with no evidence 
of fixed or proportional bias (Fig.5).
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Fig.3. Plot of individual changes in carotid ultrasound variables by statin

The individual changes in circumferential CAS (A), stiffness index (β2) (B), strain by B-mode ultrasound (C), and 
mean carotid IMT (D) after high-dose pitavastatin therapy. The dots and bars on the sides indicate means and standard 
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CAS, carotid artery strain; IMT, intima–media thickness.



Kim et al.

1144

A B

Fig.5. Bland–Altman analysis for circumferential CAS measurement

Bland–Altman plots of intraobserver (A) and interobserver variabilities (B) for measurements of circumferential CAS by 
speckle-tracking method. The solid line is the mean difference between the two scans, whereas the limits of agreement are 
drawn as dashed lines (mean difference±2 SD).
CAS, carotid artery strain; SD, standard deviation.
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It is also noteworthy that mean IMT and maxi-
mal plaque thickness, structural measures of athero-
sclerosis, did not significantly change after pitavastatin 
treatment. This finding is consistent with previous 
studies that have suggested no effect of statins on IMT 
or plaque regression5, 6, 23). Considering that a longer 
observation period is generally needed to observe the 
pharmacological effects on structural changes in ath-
erosclerosis24), 3 month follow-up might be too short 
to assess the impact of statin on carotid IMT or ath-
erosclerotic plaque burden. Hence, the assessment of 
carotid artery elasticity with speckle-tracking imaging 
can be useful in evaluating early effects of medical 
intervention.

Intriguingly, our study showed that significant 
improvements in circumferential CAS and β2 mea-
sured by speckle-tracking imaging were observed in 
patients with the estimated 10 year ASCVD risk ≥ 
7.5%, but not in those with ASCVD risk ＜7.5%. 
These findings are relevant given that the net benefit 
of statin therapy in reducing cardiovascular events is 
particularly well established in individuals with ele-
vated ASCVD risk14). Moreover, the effect of statin 
treatment on improvements in circumferential CAS 
and β2 was pronounced in patients with baseline 
LDL-C levels ≥ 190 mg/dL (Supplemental Fig.1). In 
this regard, our findings may provide further support 
for current guidelines recommending use of moderate-
to-intensive statin therapy in patients with high 
ASCVD risk or high LDL-C levels14, 25). However, 
because there is lack of validated ASCVD risk estima-
tion system specific to the Korean population, future 
investigations incorporating race-specific risk predic-
tion model are required to confirm our findings.

Among various types of statins, pitavastatin was 
used in the present study, which has a comparable 
lipid-lowering efficacy to atorvastatin and rosuvas-
tatin26, 27). Intriguingly, compared with other statins, 
pitavastatin has been reported to produce better meta-
bolic profiles such as improved glucose metabolism28) 
and triglyceride control29). These observations suggest 
that the beneficial effects of pitavastatin on arterial 
elasticity may be maintained over a longer period of 
time, compared with other statins with adverse meta-
bolic profiles30), although further studies are needed to 
validate this speculation31, 32).

Study Limitations 
The present study has several limitations. First, 

the sample size was small and the study population 
was exclusively middle-aged Korean. Thus, the extrap-
olation of our data to other ethnic populations should 
be undertaken with caution. Second, there was no 
control group in this study, limiting our ability to ade-

of nitric oxide bioavailability21), and inhibition of 
LDL-C oxidation22). Several clinical studies proved 
that statin therapy can significantly improve vascular 
elasticity. In particular, many studies have focused on 
carotid arteries, because these are the most commonly 
used vascular beds for assessing early atherosclerosis in 
clinical practice. Specifically, a pilot study in statin-
naïve subjects indicated that high-dose atorvastatin 
(80 mg daily) reduced carotid stiffness and increased 
distensibility5). Another study also showed that low-
dose pitavastatin (1 or 2 mg daily) significantly 
improved the carotid artery elasticity in patients with 
hypercholesterolemia6). 

Notably, aforementioned studies used classic 
arterial stiffness parameters from B-mode ultrasound 
to assess the effect of statin therapy. However, these 
parameters cannot directly measure the expansion of 
the intima–media wall, but rather the extension of the 
arterial wall according to the systolic and diastolic 
lumen diameter. For such reasons, conventional 
parameters have been suggested to have limited valid-
ity and reproducibility7, 16). Our study also supports 
this suggestion by showing that conventional parame-
ters of carotid artery elasticity by B-mode ultrasound 
did not change after 3 months of high-dose pitavas-
tatin treatment. Importantly, circumferential CAS and 
stiffness index (β2) measured by speckle-tracking 
imaging was significantly improved after pitavastatin 
treatment. These findings are not surprising given pre-
vious studies demonstrating that speckle-tracking 
imaging has a strong advantage in sensitivity com-
pared with traditional modalities. For example, several 
studies have reported that speckle-tracking echocar-
diography is useful for early detection of subtle myo-
cardial dysfunction in various conditions, including 
cancer chemotherapy, silent cerebrovascular disease, 
and valvular heart disease9-11), in whom traditional 
echocardiographic techniques do not adequately mea-
sure those changes. Speckle-tracking echocardiography 
has also been shown to have a higher sensitivity than 
conventional measures for detecting improvement of 
cardiac function after treatments, such as transcatheter 
pulmonary valve implantation 12). Furthermore, 
speckle-tracking imaging has been recently applied to 
measure mechanical properties of carotid arteries7, 8), 
as the demand to have better imaging modalities for 
assessing carotid artery elasticity has become greater. 
Subsequently, it has been found that the ability of 
speckle-tracking-based strain analysis to detect age-
dependent differences in carotid elastic properties was 
superior to that of conventional measures16). In this 
respect, it may be inferred that speckle-tracking imag-
ing provides more accurate assessment of arterial elas-
ticity than B-mode ultrasound7).
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Supplemental Fig.1. Plot of individual changes in speckle-tracking-derived carotid artery elasticity parameters accord-
ing to baseline LDL-C levels

Note the effect of statin treatment on improvements in circumferential CAS and β2 was pronounced in patients with 
baseline LDL-C levels ≥ 190 mg/dL. 
CAS, carotid artery strain; LCL-C, low-density lipoprotein cholesterol.
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