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Abstract
AIM: To evaluate the effects of eicosapentaenoic acid 
(EPA) on regional arterial stiffness assessed by strain 
rate using tissue Doppler imaging.

METHODS: Nineteen eligible patients were prospec-
tively studied (mean age 62 ± 8 years, 68% men). 
Subjects with large vessel complications and/or diabe-
tes mellitus were excluded. The strain rate of the as-
cending aorta was measured by tissue Doppler imaging 
as an index of regional arterial stiffness, and brachial-
ankle pulse wave velocity (baPWV) was measured as 
an index of degree of systemic arteriosclerosis. These 
indices were compared before and after administration 
of EPA at 1800 mg/d for one year. 

RESULTS: The plasma concentration of EPA increased 
significantly after EPA administration (3.0% ± 1.1% to 

8.5% ± 2.9%, P  < 0.001). There were no significant 
changes in baPWV (1765 ± 335 cm/s to 1745 ± 374 
cm/s), low-density lipoprotein cholesterol levels (114 ± 
29 mg/dL to 108 ± 28 mg/dL), or systolic blood pres-
sure (131 ± 16 mmHg to 130 ± 13 mmHg) before and 
after EPA administration. In contrast, the strain rate 
was significantly increased by administration of EPA 
(19.2 ± 5.6 s-1, 23.0 ± 6.6 s-1, P  < 0.05). 

CONCLUSION: One year of administration of EPA re-
sulted in an improvement in regional arterial stiffness 
which was independent of blood pressure or serum 
cholesterol levels.
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INTRODUCTION
Eicosapentaenoic acid (EPA) is derived from fish oil. It 
was previously reported that EPA administration reduces 
peripheral arterial stiffness measured by brachial-ankle 
pulse wave velocity (baPWV)[1]. It was also reported that 
EPA administration results in a reduction of  the inci-
dence of  cardiovascular diseases[2]. However, whether 
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EPA has any effect on regional arterial stiffness has re-
mained unclear.

We have previously reported that strain rate of  the 
ascending aorta measured by tissue Doppler imaging is 
an accurate and blood pressure-independent index of  re-
gional arterial stiffness[3]. We therefore examined whether 
administration of  EPA reduces regional arterial stiffness 
assessed by the strain rate of  the ascending aorta. 

MATERIALS AND METHODS
Study population
With approval from the Institutional Review Board, we 
prospectively enrolled 19 patients (mean age 62 ± 8 years, 
68% men) who visited our outpatient clinic for the man-
agement of  hypertension or dyslipidemia. We excluded 
patients with diabetes mellitus (HbA1c > 6.0%) and/or 
large vessel complications including ischemic heart dis-
ease, cerebrovascular disease, aortic aneurysm (diam-
eter of  aorta ≥ 35 mm), and arteriosclerosis obliterans 
(ankle-brachial index < 0.8)[4,5], assessed by history taking, 
physical examination, electrocardiography, transthoracic 
echocardiography, blood tests, and computed tomogra-
phy. Blood pressure was less than 140/90 mmHg in all 
patients, and low-density lipoprotein (LDL) cholesterol 
levels were less than 140 mg/dL for at least 2 years at the 
time of  their enrollment. 

Measurement of strain rate and baPWV
To evaluate the effects of  EPA on arterial stiffness, 
baPWV (as an index of  degree of  systemic arterioscle-
rosis[6]) and strain rate (as an index of  regional arterial 
stiffness[3]) were measured simultaneously. Both indices 
were determined before administration and one year after 
administration of  EPA at a daily dose of  1800 mg. After 
identifying the long axis of  the ascending aortic wall by 
tissue Doppler imaging, the strain rate was calculated by 
establishing a region of  interest on the ascending aortic 
wall using Vivid Five (GE, Yokogawa Medical Systems), 
and the velocity between two points was measured and 
divided by the distance between these two points[3] (Fig-
ure 1). The movement velocity between any two points 
can be quantitatively assessed by this index, which is 
known to be unaffected by tissue swing or tethering[7-9]. 
The same point was assessed before and after EPA ad-
ministration and the average of  three heart beats was 
evaluated. Comprehensive echocardiography was also 
performed before and after EPA administration. Blood 
pressure and baPWV were simultaneously measured us-
ing an automatic waveform analyzer (BP-203RPE; AT 
Company, Colin Medical Technology). Both tests were 
conducted in a room with calming background music 
where the temperature was maintained at 20  ℃. Each 
subject was instructed to rest in the supine position for 
15 min. Then, blood pressure and baPWV were simul-
taneously measured, and tissue Doppler imaging was 
subsequently performed. Written informed consent to 
participate in the study was obtained from all patients. 

Normal values in healthy subjects and intra- and inter-
observer variability
The strain rate of  the ascending aorta was measured in 
10 healthy subjects (mean age 36 ± 19 years, 50% men) 
to obtain the normal range of  the index. Inter-observer 
variability was assessed from 10 randomly selected images 
by 2 independent observers, each blinded to the results 
obtained by the other. Intra-observer variability was as-
sessed by repeated measurements from 10 images by the 
same observer one week after the first analysis. Inter- and 
intra-observer variability was calculated as the absolute 
difference between repeated measurements in percentage 
of  their mean.

Statistical analysis
The results represent the mean ± SD. The significance of  
differences between variables was determined by analysis 
of  variance. Student’s t test was used for statistical com-
parisons and a P value of  < 0.05 was considered to be 
statistically significant. 

RESULTS
Effects of EPA on lipid profile and blood pressure
There was no difference in the proportion of  patients with 
hypertension or dyslipidemia before and after administra-
tion of  EPA. No appreciable difference was noted in the 
details of  the use of  concurrent drugs. There was no sig-
nificant difference before and after EPA administration in 
LDL cholesterol levels (114 ± 29 mg/dL to 108 ± 28 mg/
dL), triglyceride levels (107 ± 52 mg/dL to 99 ± 24 mg/
dL), or systolic blood pressure (131 ± 16 mmHg to 130 
± 13 mmHg). The mean plasma concentration of  EPA 
increased from 3.0% ± 1.1% to 8.5% ± 2.9% at one year 
after EPA administration (P < 0.001) (Table 1). None of  
the patients experienced any particular adverse reactions.

Effects of EPA on baPWV and the strain rate of the aorta
Echocardiographic left ventricular systolic or diastolic 
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Figure 1  Measurement of the strain rate of the ascending aorta by tissue 
Doppler echocardiography. A: A region of interest (arrow) was identified on 
the ascending aortic wall; B: Strain rate (arrow) was recorded and the peak 
value during initial contraction was measured by averaging the systolic peak of 
three heart beats. 



parameters were not significantly different before and 
after administration of  EPA (Table 2). baPWV was 1765 
± 335 cm/s before EPA administration and 1745 ± 374 
cm/s at one year after EPA administration. The differ-
ence was not statistically significant. In contrast, the strain 
rate of  the ascending aorta was significantly increased 
from 19.2 ± 5.6 s-1 to 23.0 ± 6.6 s-1 by EPA administra-
tion (P < 0.05) (Figure 2), indicating that EPA adminis-
tration for one year improved the regional stiffness of  
the ascending aorta.

Normal values and reproducibility of the strain rate of 
the aorta
The mean value of  the strain rate of  the ascending aorta 
in 10 healthy subjects was 31.9 ± 5.0 s-1. Inter-observer 
and intra-observer variability for strain rate were 12% ± 
5% and 11% ± 4%, respectively.

DISCUSSION
Our data show that administration of  EPA for one year 
resulted in an improvement in regional arterial stiffness as 
indicated by increased strain rate of  the ascending aorta, 
and that this effect of  EPA on regional arterial stiffness 
is independent of  blood pressure or serum cholesterol 
levels.

The degree of  arteriosclerosis represents an impor-
tant predictive factor for cardiovascular outcome[10-13]. 
Appropriate management of  arteriosclerosis is clinically 

important, especially in the early stage of  cardiovascular 
diseases. EPA is taken up by vascular smooth muscle 
cells and considered to maintain the elasticity of  arteries. 
It was previously reported that administration of  EPA 
reduces peripheral arterial stiffness measured by baPWV, 
and the incidence of  cardiovascular disease[2,14,15]. 

To date, baPWV has been used as a noninvasive index 
of  arterial stiffness or arterial distensibility[6,16]. There are, 
however, several limitations concerning the evaluation of  
arterial stiffness by baPWV. Firstly, the actual length of  an 
artery used for measuring PWV is estimated based on an 
anatomical correction value. Secondly, baPWV is affected 
by systolic blood pressure and overestimated in hyperten-
sive subjects[17,18]. In contrast, the strain rate measured by 
tissue Doppler imaging accurately reflects the velocity of  
tissue movements[7-9], and thus can be used to noninva-
sively assess regional arterial stiffness. Our previous study 
demonstrated that the strain rate of  the ascending aorta 
is an accurate and blood pressure-independent index of  
regional atrial stiffness[3]. Positive results validating tissue 
Doppler imaging assessment of  arterial wall properties 
have also been reported in the evaluation of  abdominal 
aorta disease[19] and characterization of  the common ca-
rotid artery[20]. 

In the present study, one year of  administration of  
EPA significantly improved regional arterial stiffness of  
the ascending aorta but not baPWV. There are several 
published reports showing that baPWV was improved by 
the administration of  EPA[2,14,15], in which patients were 
treated with EPA for at least 2 years. The discrepancy be-
tween the present study and previous reports in the effect 
of  EPA on baPWV may be due to the difference in the 
length of  EPA administration. The observation that the 
effect of  EPA on arterial stiffness was not detected by 
baPWV also suggests that the strain rate of  the ascending 
aorta may be a more sensitive marker of  arteriosclerosis 
than baPWV. Finally, the relatively small number of  pa-
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Table 1  Clinical data before and after eicosapentaenoic acid 
administration (n  = 19)

Variables Pre-administration After-administration P  value

Systemic hypertension 17 (89%) 17 (89%) NS
Dyslipidemia 14 (74%) 14 (74%) NS
Body mass index (kg/m2) 23.9 ± 2.3 23.9 ± 2.5 NS
Systolic BP (mmHg) 131 ± 16 130 ± 13 NS
Diastolic BP (mmHg) 83 ± 9 80 ± 7 NS
Triglyceride (mg/dL) 107 ± 52   99 ± 24 NS
LDL cholesterol (mg/dL) 114 ± 29 108 ± 28 NS
EPA (%)   3.0 ± 1.1   8.5 ± 2.9 < 0.001

Values are given as mean ± SD or number (percentage). BP: Blood pres-
sure; LDL: Low-density-lipoprotein; NS: Not significant. 

Table 2  Echocardiographic data before and after eicosapen-
taenoic acid administration (n  = 19, mean ± SD)

Variables Pre-administration After-administration P  value

LA dimension (mm) 38 ± 5 39 ± 4 NS
LVDd (mm) 48 ± 3 48 ± 4 NS
LVDs (mm) 29 ± 4 30 ± 5 NS
Mitral E/A   0.96 ± 0.28   1.01 ± 0.56 NS
Mitral DT (ms) 218 ± 44 232 ± 60 NS
LV ejection fraction (%) 76 ± 8 76 ± 9 NS
Strain rate of aorta (s-1) 19.2 ± 5.6 23.0 ± 6.6 < 0.05

LA: Left atrial; LVDd: Left ventricular end-diastolic dimension; LVDs: Left 
ventricular end-systolic dimension; DT: Deceleration time; NS: Not signifi-
cant. 

Figure 2  Effect of eicosapentaenoic acid on brachial-ankle pulse wave 
velocity and the strain rate of the ascending aorta. A: No difference was 
noted in baPWV before and after eicosapentaenoic acid (EPA) administration; 
B: In contrast, a statistically significant increase in the strain rate of the ascend-
ing aorta was observed after one year of EPA administration. PWV: Pulse wave 
velocity; NS: Not significant.
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tients examined and the lack of  a control group need to 
be recognized as limitations of  this study. 

In conclusion, the strain rate of  the ascending aorta 
was a sensitive and blood pressure-independent marker 
of  arteriosclerosis. Administration of  EPA for one year 
led to an improvement in regional arterial stiffness as 
indicated by strain rate, even though there was no change 
in blood pressure or serum cholesterol levels.
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