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Intima–media complex thickness (IMT) is a standard sur-
rogate marker for atherosclerosis and a predictor of 

subsequent cardiovascular events independently of major 

vascular risk factors.1–5 This marker can be easily assessed 
by carotid B-mode ultrasound and shown as the hypoechoic 
region between the vascular lumen of the carotid artery and 

Background and Purpose—The effect of statins on progression of carotid intima–media complex thickness (IMT) has been 
shown exclusively in nonstroke Western patients. This study aimed to determine the effect of low-dose pravastatin on 
carotid IMT in Japanese patients with noncardioembolic ischemic stroke.

Methods—This is a substudy of the J-STARS trial (Japan Statin Treatment Against Recurrent Stroke), a multicenter, 
randomized, open-label, parallel-group trial to examine whether pravastatin reduces stroke recurrence. Patients were 
randomized to receive pravastatin (10 mg daily, usual dose in Japan; pravastatin group) or not to receive any statins 
(control group). The primary outcome was IMT change of the common carotid artery for a 5-year observation period. 
IMT change was compared using mixed-effects models for repeated measures.

Results—Of 864 patients registered in this substudy, 71 without baseline ultrasonography were excluded, and 388 were 
randomly assigned to the pravastatin group and 405 to the control group. Baseline characteristics were not significantly 
different, except National Institutes of Health Stroke Scale scores (median, 0 [interquartile range, 0–2] versus 1 
[interquartile range, 0–2]; P=0.019) between the 2 groups. Baseline IMT (mean±SD) was 0.887±0.155 mm in the 
pravastatin group and 0.887±0.152 mm in the control group (P=0.99). The annual change in the IMT at 5-year visit 
was significantly reduced in the pravastatin group as compared with that in the control group (0.021±0.116 versus 
0.040±0.118 mm; P=0.010).

Conclusions—The usual Japanese dose of pravastatin significantly reduced the progression of carotid IMT at 5 years in 
patients with noncardioembolic stroke.
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its adventitia, which seems hyperechoic, and corresponds to 
the intima and the media together, based on an a comparison 
study using ultrasound and pathological examination.5,6

Hyperlipidemia is a well-known major contributor to ath-
erosclerosis that eventually can cause cardiovascular events 
and stroke. In Western countries, several studies involving 
the general population or patients with ischemic heart disease 
revealed that treatment with 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitors, referred to as statins, is asso-
ciated with regression of IMT.4,7–10 A meta-analysis of 9 trials 
showed a strong correlation between reduction in low-density 
lipoprotein cholesterol (LDLC) and reduction in carotid IMT; 
each 10% reduction in LDLC was estimated to reduce carotid 
IMT by 0.73% per year.11 Although similar studies were done 
in Asia, based on a relatively small population,12–14 the effect 
of 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi-
tors on IMT has not been well established in Asian countries.

The J-STARS trial (Japan Statin Treatment Against 
Recurrent Stroke) was performed in Japan as a multicenter, 
randomized, open-label, parallel-group trial on second-
ary stroke prevention to examine whether pravastatin at 10 
mg/d, a traditional statin at its usual dose in Japan, reduces 
recurrence of stroke and the respective stroke subtypes in 
patients with hyperlipidemia and a history of noncardioem-
bolic stroke (NCT00221104, University Hospital Medical 
Information Network C000000207).15,16 As an adjunct study, 
the J-STARS Echo Study was planned to determine the pre-
ventive effect of pravastatin on progression of carotid IMT 
and to explore pleiotropic effects of the traditional statin on 
the changes in carotid atherosclerosis assessed by ultrasound 
in patients with hyperlipidemia with a history of noncardio-
embolic ischemic stroke

Methods
The data that support the findings of this study are available from 
the corresponding author on reasonable request. The J-STARS Echo 
Study was a substudy of the J-STARS trial. The rationale and protocol 
of the J-STARS trial and this substudy are described elsewhere.15,17 
The protocol and informed consent form for the present substudy 
were approved by the institutional review board of each center, and 
written informed consent was obtained from each patient together 
with the main trial. The J-STARS Echo Study was registered with 
ClinicalTrials.gov and the University Hospital Medical Information 
NetworkClinical Trials Registry (C000000212) separately from the 
J-STARS trial. Trial offices are cited in Table I in the online-only Data 
Supplement. Figure 1 shows a flowchart of the trial design.

Briefly, patients who met the following inclusion criteria for the 
main J-STARS trial and provided written consent to participate in this 
substudy were included. The inclusion criteria for the main trial were 
as follows: (1) age between 45 and 80 years of either sex; (2) clinical 
diagnosis of noncardioembolic ischemic stroke developing within the 
preceding month to 3 years; and (3) serum total cholesterol main-
tained between 4.65 and 6.21 mmol/L (180 and 240 mg/dL) without 
use of statins. Noncardioembolic ischemic stroke included athero-
thrombotic infarction, lacunar infarction, and infarction of undeter-
mined cause. Stroke subtypes were diagnosed in accordance with the 
Treatment of Acute Stroke Trial criteria and defined in accordance 
with the National Institute of Neurological Disorders and Stroke clas-
sification.18,19 In addition to the exclusion criteria of the main trial 
described elsewhere,15 patients for whom carotid ultrasound would 
be technically problematic were ineligible. A full description of the 
inclusion and exclusion criteria is presented in Table II in the online-
only Data Supplement. A web-based system randomly assigned par-
ticipants to either the pravastatin or control group (1:1 allocation). 

Patients assigned to the pravastatin group received a daily 10 mg oral 
dose of pravastatin. Patients assigned to the control group received 
no statin treatment although other antihyperlipidemic drugs could 
be administered when necessary. Based on previous reports,9,10 we 
assumed that IMT increase for 5 years would be 0.02 mm for the 
pravastatin group and 0.04 mm for the control group with SD of 0.1, a 
total of 864 enrolled patients for this study exhibited a post hoc power 
of 83% under a 2-sided Student t test.

Carotid Ultrasound Examination 
and Image Measurement
Carotid ultrasonography was performed in each participating institute 
by well-trained physicians or laboratory technicians who were autho-
rized as expert examiners for this study by the J-STARS Echo office. 
Examination with the ultrasound machine and a transducer with a fre-
quency of ≥7.5 MHz was performed at the time of enrollment in the 
study and followed every year until the end of the follow-up period of 
the main trial at 5 years. The same method was applied in subsequent 
examinations. The details of ultrasound examination and image mea-
surement are described elsewhere.17

Briefly, all ultrasound images were sent to the J-STARS Echo 
office. All measurements were done centrally using special IMT 
measurement software (IntimaScope, Mediacross, Tokyo, Japan) by a 
special technician (K.Y.) who was blinded to any clinical information 
of the subjects. IMT was measured on the distal wall in a continuous 
2-cm section on the central side of the common carotid artery bifur-
cation. It automatically calculated the maximum and mean values 
of IMT in a 2-cm continuous section of the distal common carotid 
artery. Pivotal parameters for analysis were the mean IMT (right, left, 
and mean of right and left) and the maximum IMT (right, left, and 
thicker value between right and left) of the distal wall of the common 
carotid artery in the above-described 2-cm section. Regional plaques 
in the section were included in the measurement. The primary out-
come was change in IMT for 5 years.

Statistical Analysis
The changes in mean and maximum IMTs from baseline were ana-
lyzed using mixed-effects models for repeated measures with base-
line value, allocation group, visits at 1, 2, 3, 4, and 5 years, and 
interactions between groups and visits as fixed effects and the patient 
as the random effect. Baseline was defined as the time of enrollment. 
On the mixed-effects models for repeated measures model, the least 
square mean of the difference from baseline was estimated. The 
changes from baseline at each visit were compared between groups 
using the Wilcoxon rank-sum test. The primary analysis population 
was defined as all randomized patients according to the intention-
to-treat principle. The above analysis for the per-protocol patient set 
was also performed as a sensitivity analysis. As a secondary analysis, 
the recurrence of cerebral vascular events (stroke plus transient isch-
emic attack, stroke, ischemic stroke, atherothrombotic infarction, and 

Figure 1. Flow chart of patient enrollment is shown.
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lacunar infarction) was examined, and the Cox proportional hazards 
model was used to estimate the hazard ratio (HR) and 95% confidence 
interval (CI) by adjusting the stratification factors at randomization in 
the main J-STARS trial: that is, subtype of stroke (atherothrombotic 
stroke versus others), elevated blood pressure (≥150/90 mm Hg ver-
sus not), and diabetes mellitus (presence versus absence).15 The sig-
nificance level for statistical testing was defined as a 2-sided P value 
of 0.05. All analyses were performed using SAS, version 9.3 (Cary, 
NC). An interim analysis was not performed.

Results
Participant Population
Among 123 participating sites in the main J-STARS Study, 
61 hospitals (centers) had available certified sonographers. 
From the 61 centers, 941 patients were randomly allocated 
to the pravastatin or control group in the main J-STARS trial 
between March 2004 and February 2009. Of these patients, 864 
(91.8%) simultaneously agreed to participate in the J-STARS 
Echo Study.16 Figure 1 shows the flow chart of patient enroll-
ment. Finally, 427 and 437 patients were allocated to the 
pravastatin and control groups, respectively, and 388 and 405, 
respectively, were used for intention-to-treat analyses after 
excluding those without initial echographic data. Of these, 
28 (7.2%) and 40 (9.9%) patients, respectively, received 
antihyperlipidemic drugs except statin, including fibrates (8 
and 10, respectively), probucol (5 and 7, respectively), anion 
exchange resins (2 and 7, respectively), nicotinates (2 and 
3, respectively), and others (11 and 19, respectively) during 
study period. Because of protocol violations (74 patients in 
the pravastatin group took no or <25% of total dose of pravas-
tatin and 54 in the control group received statin treatment) 
or no data on primary outcomes (5 and 1, respectively), 309 
patients in the pravastatin group and 350 control patients were 
used for sensitivity analyses as the per-protocol patient set.

The mean overall age of the studied patients was 66.4±8.3 
years. A total of 33.2% of the patients were women. Ultrasound 

examination was done in 336 patients in the pravastatin group 
and 346 control patients, respectively, at 1 year; in 305 and 
318 patients, respectively, at 2 years; in 268 and 281 patients, 
respectively, at 3 years; in 251 and 261 patients, respectively, 
at 4 years; and in 255 and 265 patients, respectively, at 5 
years. Mean follow-up time was 4.4±1.4 years in both groups. 
Baseline characteristics and lipid profiles are shown in Table 
III in the online-only Data Supplement. There were no signifi-
cant differences between the 2 groups, except initial National 
Institutes of Health Stroke Scale scores (median 0 [interquar-
tile range, 0–2] versus 1 [interquartile range, 0–2]; P=0.019).

Effect of Pravastatin on Lipid Levels
Figure 2 shows baseline values of and annual change in total 
cholesterol, LDLC, triglycerides, and high-density lipo-
protein cholesterol. Total cholesterol and LDLC were sig-
nificantly reduced with 10 mg daily of pravastatin by 12% 
and 19%, respectively, at the 1-year follow-up and continu-
ously thereafter. The average of differences for triglycerides 
until 5 years was significantly reduced with 10 mg daily of 
pravastatin(P=0.023). High-density lipoprotein cholesterol 
was not significantly different between the 2 groups.

Outcomes
Baseline mean IMT (mean±SD) was 0.887±0.155 mm in the 
pravastatin group and 0.887±0.152 mm in the control group 
(P=0.99). Trends of the mean IMT for 5 years are shown in 
Figure 3 and Table IV in the online-only Data Supplement. 
Each annual change in the mean IMT (mean±SD) for 
5 years was 0.011±0.085, 0.023±0.114, 0.017±0.114, 
0.018±0.118, and 0.021±0.116 mm in the pravastatin group 
and 0.008±0.074 mm (P=0.74), 0.020±0.087 mm (P=0.99), 
0.017±0.097 mm (P=0.44), 0.030±0.113 mm (P=0.18), and 
0.040±0.118 mm (P=0.010) in the control group. In the 
sensitivity analysis using per-protocol patient set with 309 

Figure 2. Temporal trends of total cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, and high-density lipoprotein (HDL) 
cholesterol by allocated groups for 5 years are shown.
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patients in the pravastatin group and 350 in the control group, 
the changes were 0.012±0.084, 0.024±0.101, 0.018±0.108, 
0.019±0.115, and 0.022±0.108 mm in the pravastatin group 
and 0.010±0.075 mm (P=0.69), 0.021±0.088 mm (P=0.89), 
0.020±0.097 mm (P=0.49), 0.035±0.1138 mm (P=0.15), and 
0.044±0.123 mm (P=0.016) in the control group.

Baseline maximum IMT (max IMT) was 1.195±0.331 mm 
in the pravastatin group and 1.182±0.314 mm in the con-
trol group (P=0.56). Annual max IMT values are shown in 
Figure 4. Each annual change in the max IMT for 5 years was 
0.012±0.188, 0.010±0.270, 0.015±0.275, −0.005±0.265, and 
0.014±0.252 mm in the pravastatin group and 0.006±0.148 
mm (P=0.62), 0.018±0.184 mm (P=0.27), 0.020±0.189 mm 
(P=0.30), 0.034±0.236 mm (P=0.040), and 0.044±0.300 
mm (P=0.40) in the control group. In the sensitivity analysis 
using per-protocol patient set, the changes were 0.017±0.190, 
0.016±0.225, 0.017±0.263, 0.002±0.251, and 0.017±0.246 
mm in the pravastatin group and 0.008±0.148 mm (P=0.78), 
0.022±0.186 mm (P=0.26), 0.022±0.190 mm (P=0.45), 
0.045±0.248 mm (P=0.043), and 0.051±0.313 mm (P=0.40) 
in the control group

In the follow-up period, total stroke and transient isch-
emic attack (2.58 versus 2.89%/y; adjusted HR, 0.91; 95% 
CI, 0.61–1.35), total stroke (2.27 versus 2.66%/y; adjusted 
HR, 0.87; 95% CI, 0.58–1.33), ischemic stroke (2.09 versus 
2.33%/y; adjusted HR, 0.92; 95% CI, 0.59–1.42), and lacunar 

infarction (1.20 versus 1.14%/y; adjusted HR, 1.07; 95% CI, 
0.59–1.93) occurred similarly in the pravastatin and control 
groups, and atherothrombotic infarction tended to occur less 
frequently in the pravastatin group than in the control group 
(0.27 versus 0.71%/y; adjusted HR, 0.41; 95% CI, 0.15–1.15; 
Table V in the online-only Data Supplement). The results 
were similar with those on the main J-STARS trial.

Discussion
We conducted this study to determine the effect of 10 mg 
daily of pravastatin on carotid IMT in Japanese patients with 
hyperlipidemia and noncardioembolic ischemic stroke. A 
pravastatin dose of 10 mg/d significantly reduced total cho-
lesterol by >10% and LDLC by >15% for 5 years. Mean IMT 
was not significantly different at baseline versus during the 
initial 4 years of observation, but the change from baseline 
reached a significant difference at 5 years. Thus, 10 mg daily 
of pravastatin could significantly reduce the progression of 
mean IMT after long-term treatment. Tendency toward a 
reduction in max IMT progression by 10 mg daily of pravas-
tatin was also observed although the statistical difference was 
not constant probably because of the wide variation of max 
IMT value.

Little evidence has been available on the effect of statin on 
carotid IMT in patients with prior ischemic stroke or transient 
ischemic attack. This study enrolled >800 patients, and this 

Figure 3. Temporal trends of mean 
intima–media thickness (IMT) by allocated 
groups for 5 years are shown. Each data 
indicate the least square mean of the 
difference from baseline.

Figure 4. Temporal trends of maximum 
intima–media thickness (IMT) by allocated 
groups for 5 years are shown. Each data 
indicate the least square mean of the 
difference from baseline.
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is the largest study to assess the effect of a statin on carotid 
IMT in patients with noncardioembolic ischemic stroke. The 
main J-STARS trial (n=1578) showed that occurrence of ath-
erothrombotic infarction was less frequent in the pravastatin 
group than in the control group (adjusted HR, 0.33; 95% 
CI, 0.15–0.74) although total stroke and transient ischemic 
attack occurred similarly in the pravastatin and control groups 
(adjusted HR, 0.97; 95 CI, 0.73–1.29).16 In this substudy, a 
similar trend was observed in the occurrence of atherothrom-
botic infarction.

Many studies have suggested pleiotropic effects of statins, 
including atheromatous plaque stabilization and anti-
inflammation, which could play a role for the suppression of 
atherothrombotic infarction.20–23 This substudy supports that 
the protective effect of a statin against IMT progression is one 
of related prevention mechanisms of atherothrombotic infarc-
tion. The prevention of carotid atherosclerosis by pravastatin 
seems independent from the reduction of LDLC, LDLC/high-
density lipoprotein cholesterol, or high-sensitivity C-reactive 
protein because there were no significant associations between 
the IMT change and the change of LDLC, LDLC/high-density 
lipoprotein cholesterol, or log-transformed high-sensitivity 
C-reactive protein both in the pravastatin and control groups 
(Figures I–III in the online-only Data Supplement).

In the 1990s, Furberg et al24 revealed that 20 to 40 mg daily 
of lovastatin significantly reduced carotid max IMT for 3 years 
in 919 patients without symptomatic cardiovascular disease. 
The PLAC-II (Pravastatin, Lipids, and Atherosclerosis in 
the Carotid Arteries) study showed that 20 to 40 mg daily of 
pravastatin resulted in a significant 35% reduction in IMT pro-
gression and a nonsignificant 12% reduction in progression of 
the mean max IMT in the common carotid in 151 coronary 
patients.7 The KAPS (Kuopio Atherosclerosis Prevention 
Study) also revealed that 40 mg per day of pravastatin signifi-
cantly reduced carotid IMT progression in 447 hypercholes-
terolemic men from a primary prevention cohort.8 The LIPID 
(Long-Term Intervention with Pravastatin in Ischemic Disease) 
Atherosclerosis Substudy showed that treatment with 40 mg 
daily of pravastatin significantly reduced the progression of 
carotid atherosclerosis in 522 patients with a history of myo-
cardial infarction or unstable angina.10 A systematic review 
and meta-analysis showed that LDLC reduction by a statin and 
carotid IMT change reduction strongly correlated, and each 
10% reduction in LDLC was estimated to reduce carotid IMT 
change by 0.73% per year.11 However, most previous reports 
on this topic were from Western countries, and there have been 
scarce data in patients with prior ischemic stroke or transient 
ischemic attack. Our study revealed the effect of 10 mg daily 
of pravastatin to reduce the progression of carotid IMT in >800 
Japanese patients with noncardioembolic ischemic stroke.

According to the previous reports, the significant reduction 
in IMT progression occurred 1 or 2 years after statin initia-
tion.8,10,24 In this study, trend separation of mean IMT between 
the pravastatin and placebo groups started at 3 years after 
enrollment (Figure 3). Therefore, the significant effect of 
10 mg daily of pravastatin on carotid IMT may occur some-
what later than with a higher dose of pravastatin or with other 
statins although the trend separation of atherothrombotic 
infarction reduction started at 1 year after enrollment in the 

main J-STARS trial.16 The early reduction of atherothrombotic 
infarction might be because of the improvement of endothelial 
function by pravastatin that seemed to occur earlier than IMT 
change.

Recently, several studies on this topic have been reported 
from Asian countries. Fang et al25 reported a meta-analysis 
on atorvastatin treatment for carotid IMT in Chinese patients 
with type 2 diabetes mellitus. They showed that treatment, 
especially with high-dose atorvastatin, significantly reduced 
carotid IMT in Chinese patients without ischemic stroke.25 
Yamada et al13 showed that atorvastatin significantly reduced 
relative lipid volume of carotid plaques involving 40 patients 
without cerebral ischemic events. The FAST (Fukuoka 
Atherosclerosis Trial) revealed that pravastatin significantly 
reduced common carotid IMT by 13.9% for 2 years in asymp-
tomatic hypercholesterolemic patients.12 Deguchi et al14 
reported that rosuvastatin did not reduce max IMT or plaque 
score for 12 months in 24 dyslipidemic patients with cere-
bral infarction. However, there are still scarce and inconclu-
sive data in patients with noncardioembolic ischemic stroke. 
Our study reveals that statin treatment with 10 mg daily of 
pravastatin could reduce the progression of carotid IMT after 
long-term treatment in a large Asian cohort with a history of 
noncardioembolic ischemic stroke. Asians are known to have 
a high incidence of both ischemic and hemorrhagic strokes,26 
and intracranial atherosclerosis is relatively common in 
Asians.27 Thus, a reduction in IMT progression by statins 
seems either directly or indirectly important in the reduction 
of atherothrombotic infarction in Asian patients.

Nohara et al28 reported that rosuvastatin significantly 
reduced progression of carotid IMT at 12 months compared 
with pravastatin (10 mg daily) in Japanese patients with 
hypercholesterolemia. However, it is yet uncertain whether 
strong statin or higher dose pravastatin is more effective and 
safer to prevent IMT progression than pravastatin in patients 
with prior ischemic stroke. Japanese stroke physicians still 
commonly use pravastatin (10 mg daily) because we may have 
a concern of increased hemorrhagic stroke risk with strong 
statin or higher dose pravastatin therapy. Further studies are 
warranted in this regard.

The study drug in this trial, pravastatin, is not a strong, but 
rather, a traditional statin. In addition, the daily dose of 10 mg 
is lower than that in the previous trials on statin therapy and 
carotid IMT in Western countries (generally 40 mg daily).8–10 
According to dose finding studies in Japanese patients with 
hyperlipidemia, 10 mg daily of pravastatin significantly 
reduced total cholesterol and LDLC.29,30 Our data also showed 
that 10 mg daily of pravastatin significantly reduced total cho-
lesterol by >10% and LDLC level by >15%, which could con-
tribute to a reduction in the progression of carotid mean IMT 
in Asian patients with noncardioembolic ischemic stroke.

The J-STARS trial also has other substudies, including those 
focusing on high-sensitivity C-reactive protein (ClinicalTrials.
gov NCT00361699, University Hospital Medical Information 
Network C000000211),31 development of dementia, and 
genetic aspects (University Hospital Medical Information 
Network C000008055). We will further investigate relation-
ships of carotid IMT with the above topics of interest during 
statin treatment.
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One limitation of this trial is that all of the enrolled patients 
in the main J-STARS trial were not randomized for the 
J-STARS Echo study. However, baseline characteristics of 
the remaining patients in the main J-STARS trial were almost 
similar to those in the J-STARS Echo Study (Table VI in the 
online-only Data Supplement). Therefore, the results can be 
extrapolated to the entire population in the main J-STARS 
trial. The relatively high rate of protocol violations to stop 
pravastatin or start statin in the control group is another 
limitation because this could weaken the IMT change differ-
ence (statin effect) between 2 groups in the intention-to-treat 
analyses. The open-label design and a relatively high drop-
out rate (34%) for ultrasound examination at 5 years were 
other limitations. The dropout rate was not insubstantial and 
could affect the results. However, our further analysis only 
using 255 patients in the pravastatin group and 265 patients 
in the control group who underwent carotid ultrasonography 
examination at 5 years showed a similar reduction of mean 
IMT change by pravastatin (Table VII in the online-only Data 
Supplement). Although patients without initial echographic 
data (n=71) had some different baseline characteristics from 
those in the intention-to-treat analyses (n=793) and the results 
of the latter may not be extrapolated to the former, there were 
no differences between patients who had follow-up at 5 years 
(n=520) and those without (n=344; Tables VIII and IX in the 
online-only Data Supplement).

Conclusions
The J-STARS Echo Study revealed that the usual Japanese 
dose (10 mg daily) of pravastatin significantly reduced the 
progression of carotid mean IMT in Japanese patients with 
noncardioembolic stroke.
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