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Background: Omega-3 fatty acids have been proposed to be useful in the prevention of cardiac events. High-risk plaque (HRP)
and plaque progression on serial coronary computed tomography angiography (CTA) have been suggested to be the predecessor
of acute coronary syndrome (ACS). The purpose of this study was to investigate whether addition of omega-3 fatty acids to statin
therapy for secondary prevention would lead to change in plague characteristics detected by using serial CTA.

Methods and Results: This study enrolled 210 patients with ACS: no eicosapentaenoic acid (EPA)/ docosahexaenoic acid (DHA;
EPA/DHA), low-dose EPA+DHA, high-dose EPA+DHA, and high-dose EPA alone. HRP was significantly more frequent in patients
with plaque progression (P=0.0001). There was a significant interaction between plaque progression and EPA dose regardless of
the DHA dose; 20.3% in EPA-none (no EPA/DHA), 15.7% in EPA-low (low-dose EPA+DHA), and 5.6% in EPA-high (high-dose
EPA+DHA and high-dose EPA alone). On multivariate logistic regression analysis, HRP (OR 6.44, P<0.0001), EPA-high (OR 0.13,
P=0.0004), and Rosvastatin (OR 0.24, P=0.0079) were the independent predictors for plaque progression. In quantitative analyses
(n=563 plaques), the interval change of low attenuation plaque (LAP) volume was significantly different based on EPA dose; LAP
was significantly increased in the EPA-none group and significantly decreased in the EPA-high group.

Conclusions: In patients with ACS, addition of high-dose EPA (EPA-high) to statin therapy, compared to statin therapy without EPA,
was associated with a lower rate of plaque progression.
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of major adverse cardiac events both in primary and
secondary prevention trials."4 Although the improve-

ment in event-free survival is substantial, the residual risk
of coronary events has also attracted significant attention.5
Maximization of statin dose, and addition of ezetimibe,
protein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tors, and anti-inflammatory agents such as canakinumab®
to the statin regimen has been proposed.”® Recently, omega-3
polyunsaturated fatty acid supplementation has been pro-
posed to be useful for the prevention of cardiac events.10-12
Unlike the well-characterized impact of lipid-lowering ther-
apy on plaque morphology, the influence of polyunsatu-
rated fatty acids on lesion pathology is not well understood.
Coronary computed tomography angiography (CTA),
in addition to identifying luminal obstruction, is able to
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non-invasively characterize plaque morphology and define
physiological significance of the stenotic lesions. CTA-
verified high-risk plaque (HRP) demonstrates 2 very
important attributes; positive vascular remodeling (PR) at
the lesion site and low attenuation plaque (LAP) represen-
tative of a large necrotic core.!314 Serial angiograms allow
assessment of interval change in the plaque volume
(PV).1415 Plaque progression on serial CTA is suggested to
be the predecessor of acute coronary events. In contrast,
restriction of plaque progression or regression has been
suggested to be a desirable preventive strategy.16

The purpose of this study was to investigate, using serial
CTA studies, whether addition of omega-3 fatty acids to
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Figure 1. Frequency of plaque progression on computed tomography angiography (CTA). Plague progression was observed in
13% of patients. Plaque progression was significantly less frequent in the EPA-high group (high-dose EPA+DHA and high-dose
EPA alone) (5.6%) than in the EPA-none (no EPA/DHA) group (20.3%, P<0.05). Plagque progression was more frequent in patients
with HRP than in those without HRP (25 vs. 6.5%, P=0.0002). EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; HRP,
high-risk plague.

the statin therapy for secondary prevention would lead to
change in plaque morphology.

Methods

Study Population

We screened patients who were admitted to Fujita Health
University Hospital for acute coronary syndrome (ACS)
between 2013 and 2019 (Figure 1) and underwent serial CTA
within 1 month after ACS (CTA-1) and within 24 months
after CTA-1 (CTA-2). Patients on fatty acid supplements
at admission, those who had post coronary artery bypass
grafting, and those who were aged <20 years were not
included. Patients who did not receive statin treatment dur-
ing follow up were not included in this study. Patients were
classified based on eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) dose. Laboratory data (lipid profile,
hemoglobin Alc (HbA Ic), high-sensitive C-reactive protein
(hsCRP), arachidonic acid (AA), EPA, DHA, EPA+DHA,
EPA/AA ratio, DHA/AA ratio, and EPA+DHA/AA
ratio) were obtained at admission (baseline) and at CTA-2;
hsCRP for baseline was obtained at 1 month. Information
about past medical history was obtained, and categorical
risk factor assessment was performed, including hyperten-
sion, dyslipidemia, diabetes mellitus, smoking, and obesity.
Patients were considered hypertensive when systolic and
diastolic blood pressures were >140/90 mmHg or they were
already being treated with antihypertensive agents. Based
on the guidelines by the Japan Atherosclerosis Society,
dyslipidemia was diagnosed when the low-density lipopro-
tein cholesterol (LDL-C) level was 2140 mg/dL, the triglyc-
erides level was >150mg/dL, or if the patient was already
receiving statin or fibrate therapy. Diabetes was reported
as a fasting plasma glucose concentration 2126 mg/dL and
HbAlc 26.5%, or when the patient was receiving current

treatment with hypoglycemic agents. Smoking was accepted
as a self-reported history. The institutional ethics commit-
tee approved the study. All procedures followed the Dec-
laration of Helsinki.

CTA Protocol

We used the 320-slice CT (Aquilion ONE; Toshiba Medical
Systems, Japan). Before imaging, patients without contra-
indications received oral metoprolol and/or intravenous
landiolol if the heart rate was >65beats/min. Whenever
possible, 0.4 mg sublingual nitroglycerin was administered
3-5min before image acquisition. Coronary artery calcium
score (CACS) was obtained at 120kV, 150mA, and 3mm
thickness to calculate the Agatston score.!” For coronary
CTA, tube voltage was the same 120kV, but the maximal
tube current was set at 300-580mA depending on body
weight; 245 mg iodine/kg of contrast medium was injected.
An axial scan was performed with a prospective gated scan
in 1 heart beat at a heart rate of <65beats/min for half
reconstruction and in 2-3 heart beats with a heart rate
>65 beats/min for segment reconstruction. The raw data of
the CT scans were reconstructed using algorithms opti-
mized for ECG-gated half or segment reconstruction. The
reconstructed image data were transferred to a computer
workstation for post-processing (ZIOSTATION System
1000; Amin/ZIO, Japan).

CTA Image Semi-Quantitative Analysis

CTA images were evaluated in axial, coronal, sagittal,
cross-sectional, and curved multiplanar reformation views.
Two cardiologists blinded to the patients’ clinical informa-
tion interpreted the CTA images. The lesions treated previ-
ously with percutaneous coronary intervention (PCI) or
scheduled PCI lesions were excluded from the assessment.
Coronary arteries were evaluated in 15 segments based on
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Table 1. Patient Characteristics Based on the Dose of Omega-3 Fatty Acids

Omega-3 fatty acids

All patients
(n=210) No EPA/DHA
(n=69)
Baseline characteristics
Age (years), median (IQR) 68 (59-74) 69 (62-75)
Male, n (%) 169 (80.5) 58 (84.1)
BMI (kg/m?), median (IQR) 23 (21-25) 23 (21-25)
Hypertension, n (%) 128 (61.0) 44 (63.8)
Dyslipidemia, n (%) 153 (72.9) 47 (68.1)
Diabetes mellitus, n (%) 68 (32.4) 26 (37.7)
Current smoking, n (%) 74 (35.2) 21 (30.4)
Past CAD, n (%) 26 (12.4) 7 (10.1)
OMI, n (%) 20 (9.5) 5(7.3)
Statin treatment
Statin drug
Atorvastatin, n (%) 16 (7.6) 6 (8.7)
Pitavastatin, n (%) 111 (52.9) 27 (39.1)
Rosuvastatin, n (%) 83 (39.5) 36 (52.2)
Standard dose of statin, n (%) 183 (87.1) 59 (85.5)
CT findings
CACS (IQR) 126 (35-358) 172 (68-478)
HRP on CTA-1, n (%) 72 (34.3) 22 (31.9)
HRP on CTA-2, n (%) 73 (34.8) 23 (33.3)

Low-dose High-dose High-dose
EPA+DHA EPA+DHA EPA alone P value
(n=51) (n=20) (n=70)
68 (57-71) 69 (58-74) 65 (58-74) 0.2253
40 (78.4) 16 (80.0) 55 (78.6) 0.8342
23 (21-25) 22 (21-23) 23 (22-25) 0.2828
27 (52.9) 12 (60.0) 45 (64.3) 0.5851
38 (74.5) 15 (75.0) 53 (75.7) 0.7554
17 (33.3) 3(15.0) 22 (31.4) 0.4413
20 (39.2) 7 (35.0) 26 (37.1) 0.7619
5(9.8) 4 (20.0) 10 (14.3) 0.5861
4(7.8) 4 (20.0) 7 (10.0) 0.3693
0.0005% 11+
6(11.8) 2(10) 2 (2.9
33 (64.7) 5 (25) 46 (65.7)
12 (23.5) 13 (65) 22 (23.5)
46 (90.2) 15 (75.0) 63 (90.0) 0.3462
127 (18-443) 313 (69-676) 106 (33-302) 0.1968
19 (37.3) 7 (35.0) 24 (34.3) 0.9442
19 (37.3) 7 (35.0) 24 (34.3) 0.9762

*No EPA vs. high-dose EPA alone, P<0.05. fNo EPA vs. low-dose EPA, P<0.05. THigh-dose EPA alone vs. high-dose EPA+DHA, P<0.05.
**Low-dose EPA+DHA vs. high-dose EPA+DHA, P<0.05. BMI, body mass index; CACS, coronary artery calcium score; CAD, coronary artery
disease; CTA, computed tomography angiography; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HRP, high-risk plaque; IQR,

interquartile range; OMI, old myocardial infarction.

the American Heart Association classification, and the
extent of stenosis was evaluated in coronary arteries with
a diameter of 22mm. Stenosis was visually graded from 0
to 5 (0: absence of plaque and no luminal stenosis, 1: <25%
stenosis, 2: 25-49% stenosis, 3: 50-69% stenosis, 4: 70-99%
stenosis, 5: complete occlusion).!® Manual inspection, both
in cross-section and longitudinal reconstruction, was used
for defining the coronary artery remodeling index (RI:
lesion diameter/reference diameter). HRP was defined as
plaque with PR (RI >1.1) and/or LAP (<30 HU) in more
than 1 pixel.19:20

Quantitative Plaque Analysis
Quantitative plaque measurements were performed using
semiautomated plaque analysis software (QAngioCT
Research Edition version 2.1.9.1; Medis Medical Imaging
Systems, Leiden, the Netherlands) with appropriate man-
ual correction.?! Briefly, for each vessel with a diameter
>2mm, quantitative analysis was performed on every 1-mm
cross-section to measure PV and plaque composition using
pre-defined Hounsfield unit thresholds: LAP (=30 to +30
HU), fibro-fatty (30 to 130 HU), fibrous (131 to 350 HU),
and calcified plaque (2350 HU).1822 Total non-calcified
plaque (NCP) was calculated as the sum of LAP, fibro-
fatty plaque and fibrous plaque. Stented lesions at CTA-2,
including 10-mm proximal and distal to the stents, were
excluded from the analysis. Lesions with the events
between CTA-1 and CTA-2 were also excluded from the
analysis.

For lesion-based analysis, every plaque was selected out
of the entire heart quantitative analysis, and the PV in the

same length between CTA-1 and CT-2, as well as the
remodeling index in the cross-sectional area, was com-
pared. Lesions at CTA-1 and CTA-2 were synchronized by
using the branch points as the landmarks.

Clinical Endpoint

The primary endpoint was the incidence of plaque progres-
sion on serial CTA study. Plaque progression was defined
as either an increase in stenosis by at least 1 grade, or an
increase in RI ratio from CTA-1 to CTA-2. Patients who
had cardiac events including cardiac death, a non-fatal
coronary event, or an unplanned coronary artery revascu-
larization before CTA-2 were included as having plaque
progression. The secondary endpoint was quantitative
change in different plaque types. The relationship between
plaque change and the type and dose of omega-3 fatty
acids was analyzed.

Statistical Analysis

JMP software (version 11; SAS Institute, Cary, NC, USA)
was used for statistical analyses. Categorical variables are
presented as frequencies (percentages) and compared using
the chi-squared test or Fisher’s exact test depending on the
category cell size. The Shapiro-Wilk test was used to assess
the normality of continuous data. All continuous measure-
ments are expressed as mean*SD for normally distributed
variables or median and interquartile range (IQR, 25th
percentile-75th percentile) for asymmetric data and were
compared by using the Student’s unpaired t-test and the
Wilcoxon rank-sum test, respectively. To compare more
than 3 groups, ANOVA and the Kruskal-Wallis test were
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Table 2. Laboratory Findings Based on the Dose of Omega-3 Fatty Acids

TG (mg/dL), median (IQR)
Baseline
Follow up

TC (mg/dL), median (IQR)
Baseline
Follow up

HDL-C (mg/dL), median (IQR)
Baseline
Follow up

LDL-C (mg/dL), median (IQR)
Baseline
Follow up

AA (ug/mL), median (IQR)
Baseline
Follow up

EPA (ug/mL), median (IQR)
Baseline
Follow up

DHA (ug/mL), median (IQR)
Baseline
Follow up

EPA+DHA (ug/mL), median (IQR)

Baseline
Follow up

EPA/AA ratio, median (IQR)
Baseline

Follow up

DHA/AA ratio, median (IQR)
Baseline

Follow up

EPA+DHA/AA ratio, median (IQR)

Baseline
Follow up

HbA1c (%), median (IQR)
Baseline
Follow up

hs-CRP (mg/dL), median (IQR)
Baseline

Follow up

All patients
(n=210)

114 (63-159)
110 (84-157)

192 (163-213)
154 (137-167)

47 (41-58)
50 (44-60)

123 (103-148)
80 (68-94)

173 (144-202)
166 (143-194)

53 (35-75.8)
122 (65-177)

118 (98-147)
116 (93-148)

176 (138-229)
252 (181-303)

0.30
(0.21-0.45)

0.76
(0.34-1.12)

0.71
(0.57-0.86)

0.71
(0.54-0.88)

1.02
(0.79-1.31)

1.50
(0.97-2.00)

5.9 (5.6-6.4)
5.9 (5.7-6.5)

0.079
(0.037-0.22)

0.05
(0.025-0.10)

Type of omega-3 fatty acids

No EPA/DHA
(n=69)

83 (55-144)
110 (78-161)

195 (162-217)
156 (135—166)

46 (40-58)
50 (43-60)

122 (99-152)
80 (68-93)

172 (137-202)
178 (154-216)

49 (33-74)
49 (35-74)

121 (101-157)
114 (82-139)

176 (141-235)
159 (120-223)

0.28
(0.22-0.43)

0.29
(0.18-0.41)

0.73
(0.62-0.89)

0.57
(0.44-0.80)

1.07
(0.85-1.27)

0.87
(0.65-1.25)

6.0 (5.6-6.5)
5.9 (5.6-6.5)

0.095
(0.043-0.35)

0.05
(0.022-0.1)

Low-dose
EPA+DHA
(n=51)

116 (67-174)
113 (89-140)

193 (162-218)
159 (145-173)

48 (41-60)
52 (43-63)

126 (110-151)
86 (77-100)

180 (158-201)
169 (146-190)

54 (37-70)
119 (94-144)

107 (98—-145)
140 (110-161)

161 (137-229)
263 (201-295)

0.26
(0.19-0.42)

0.71
(0.54-0.86)

0.63
(0.51-0.77)

0.80
(0.62-0.97)

0.88
(0.72-1.16)

1.50
(1.28-1.83)

5.9 (5.6-6.4)
5.9 (5.7-6.7)

0.069
(0.029-0.23)

0.05
(0.03-0.089)

High-dose
EPA+DHA
(n=20)

118 (87-185)
103 (84—165)

184 (162-212)
148 (130—165)

47 (41-57)
48 (44-55)

122 (100-144)
77 (66-92)

173 (137-202)
152 (125-178)

51 (35-76)
177 (125-207)

118 (96-144)
103 (84-126)

176 (134-222)
273 (226-323)

0.33
(0.18-0.50)

1.18
(0.89-1.43)

0.72
(0.55-0.85)

0.70
(0.53-0.84)

1.04
(0.74-1.34)

1.93
(1.41-2.28)

5.8 (5.6-6.5)
5.9 (5.7-6.3)

0.079
(0.039-0.18)
0.05
(0.028-0.016)

High-dose
EPA alone
(n=70)

118 (87-185)
103 (84—165)

184 (162-212)
148 (130—165)

47 (41-57)
48 (44-55)

122 (100-144)
77 (66-92)

173 (137-202)
152 (125-178)

51 (35-76)
177 (125-207)

118 (96-144)
103 (84-126)

176 (134-222)
273 (226-323)

0.33
(0.18-0.50)

1.18
(0.89-1.43)

0.72
(0.55-0.85)

0.70
(0.53-0.84)

1.04
(0.74-1.34)

1.93
(1.41-2.28)

5.8 (5.6-6.5)
5.9 (5.7-6.3)

0.079
(0.039-0.18)
0.05
(0.028-0.016)

P value

0.1175
0.9325

0.7383
0.0983

0.8831
0.5861

0.8509
0.0349**

0.5344
0.0002*

0.4978
<0.0001*1+8**

0.3024
<0.00011:+51

0.4269
<0.0001* 5

0.4764

<0.0001*F:#8.**

0.0577

<0.00011:+1

0.1559

<0.0001*1:#8**

0.6616
0.9758

0.5558

0.8957

*No EPA/DHA vs. high-dose EPA alone, P<0.05. fNo EPA/DHA vs. low-dose EPA+DHA, P<0.05. ¥No EPA/DHA vs. high-dose EPA+DHA,
P<0.05. SHigh-dose EPA alone vs. low-dose EPA+DHA, P<0.05. THigh-dose EPA alone vs. high-dose EPA+DHA, P<0.05. **Low-dose
EPA+DHA vs. high-dose EPA+DHA, P<0.05. AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HbA1c,
hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C,
low-density lipoprotein; TC, total cholesterol; TG, triglycerides.
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Table 3. Plaque Progression on CTA Based on Omega-3 Fatty Acids
Omega-3 fatty acids Dose P value

EPA or DHA dose None Low-dose EPA+DHA  High-dose EPA+DHA  High-dose EPA alone

(n=69) (930+750mg) (n=51) (1,860+1,500 mg) (1,800mg) (n=70)

(n=20)

Plaque progression, n (%) 14 (20.3) 8 (15.7) 0 (0) 5(7.1) 0.0107
EPA dose None (EPA-none) Low dose (930 mg) High dose (1,800 mg/1,860 mg)

(n=69) (EPA-low) (n=51) (EPA-high) (n=90)
Plaque progression, n (%) 14 (20.3) 8 (15.7) 5 (5.6) 0.0136*
DHA dose None Low dose (750 mg) High dose (1,500 mg)

(n=139) (n=51) (n=20)
Plaque progression, n (%) 19 (13.7) 8 (15.7) 0 (0) 0.1830
EPA or DHA dose None EPA alone (n=70) Low-dose and high-dose EPA+DHA

(n=69) (n=71)
Plaque progression, n (%) 14 (20.3) 5(7.1) 8(11.3) 0.0635
Total EPA+DHA dose None Low dose High dose (3,360 mg)

(n=69) (1,680 mg/1,800 mg) (n=20)

(n=121)

Plague progression, n (%) 14 (20.3) 13(10.7) 0 (0) 0.0328

*0 vs. 1,800/1,860, P<0.05. CTA, coronary tomography angiography; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.

used for normally distributed variables and asymmetric
data, respectively. For multiple comparisons, Bonferroni
correction for categorial variables, the Tukey-Kramer
method for normally distributed data, and the Steel-Dwass
method for asymmetric continuous data were used. To
compare data between baseline and CTA-2, a paired t-test
for normally distributed variables and Wilcoxon signed-
rank test for asymmetric data were used. For quantitative
plaque analysis, PV between CTA-1 and CTA-2 were com-
pared with the Wilcoxon signed-rank test for each group.
Interval change of PV was compared with the Kruskal-
Wallis test between groups and the Steel-Dwass method
for multiple comparisons. The effect of the variables on
plaque progression was evaluated using the univariable
logistic regression model. Age, male sex, and variates that
showed P values <0.05 in the univariable analysis were
then included in the multivariate logistic regression analy-
sis. Results were reported as odds ratios (OR) with 95%
confidence intervals (CI).

Results

Patient Characteristics

There were 2,243 patients who were admitted to our insti-
tution due to ACS from 2013 to 2019. In this study, 210
patients were enrolled. The culprit lesions were revascular-
ized (72 right coronary arteries (34.3%), 2 left main trunks
(1.0%), 99 left anterior descending arteries (47.1%), 33 left
circumflex (15.7%)), except for 4 patients presenting with
ACS due to vasospasm (1.9%). Of the 210 patients (median
age, 68 years; men, 81%) enrolled in the study, 141 patients
were on EPA and/or DHA treatment after ACS; 69 patients
treated only with statin therapy and no fatty acid supplement
added (no EPA/DHA), 51 were on low-dose EPA+DHA
(930mg+750mg), 20 were on high-dose EPA+DHA
(1,860mg+1,500mg), and 70 were on high-dose EPA alone
(EPA 1,800mg). The types and dose of omega-3 fatty acids
were determined by the attending physician. There was no
significant difference in patient characteristics among the 4
treatment groups at baseline (Table 1). Previously known
coronary artery disease (CAD) and myocardial infarction
(MI) were present in 26 (12%) and 20 (10%) patients,

respectively.

Fifty-seven (27%) patients were on statin treatment
before the index admission. All patients were being treated
with statins during follow up; 16 were on Atorvastatin
(7.6%), 111 were on Pitavastatin (52.9%), and 83 were on
Rosuvastatin (39.5%). There were significant differences in
statin drug use between groups (P=0.0005). Statin dose
was not significantly different between groups (standard
dose: 85.5 vs. 90.2 vs. 75.0% vs. 90.0%, P=0.3462).

Median CACS was 126 (IQR: 35-358), and non-culprit
lesion HRP characteristics on CTA were observed in 72
(34%) patients on CTA-1 and 73 (35%) patients on CTA-2.

There was no significant differences in baseline labora-
tory data between the 4 groups (Table 2). LDL-C at follow
up was significantly different between groups (P=0.0349);
the high-dose EPA+DHA group had a significantly lower
value compared with the low-dose EPA+DHA group (73
(65-103) vs. 86 (77-100), P<0.05).

Plaque Progression on CTA and Omega-3 Fatty Acids
Median time interval between CTA-1 and CTA-2 was 361
(332-375) days. Plaque progression was observed in 27
(13%) patients, including 5 cardiac events before CTA-2; 4
in the no EPA/DHA group and 1 in the low-dose
EPA+DHA group. Scheduled PCI was performed in 50
patients between CTA-1 and CTA-2; these lesions were
excluded from analysis. There was no significant difference
in patient background between plaque progression (+) and
(—) groups (Supplementary Table 1).

On CTA-1, HRP at the non-culprit lesion was observed
in 72 (34%) patients. HRP was significantly more fre-
quently observed in the group that demonstrated plaque
progression (67%) compared to the groups that did not
show progression (30%, P=0.0001); 25% of patients with
HRP had plaque progression and 6.5% of patients without
HRP had plaque progression (P=0.0002) (Supplementary
Table 1, Figure 1). In the plaque progression group, HRP
was even more frequently detected on CTA-2 compared to
CTA-1 (77.8%).

Investigative laboratory data at baseline (CTA-1) and fol-
low up (at the time of CTA-2) are presented in Supplementary
Table 2. Baseline values were not significantly different
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Reference CTA-2 Reference
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Figure 2. Plaque progression and eicosapentaenoic acid (EPA) dose. (A) A case with plaque progression from the “no EPA/DHA”
group. Low attenuation plaque was detected in the patient’s left anterior descending artery (LAD) on CTA-1 with a stenosis grading
of 25-49%. CTA-2 showed plaque progression; stenosis grading 50-69% and the remodeling index of CTA-2/CTA-1 was 1.2. The
patient’s low-density lipoprotein cholesterol (LDL-C) was 68 mg/dL and the EPA/arachidonic acid (AA) was 0.45 at CTA-2. (B) A
case without plaque progression from the “high-dose EPA+DHA” group. High-risk plague (HRP) in this patient’s non-culprit left
circumflex artery (LCX) on CTA-1 did not show plaque progression on CTA-2; HRP was not detected on CTA-2. The patient’s LDL-C
was 78mg/dL on CTA-2, and the EPA/AA increased from 0.18 at CTA-1to 1.32 at CTA-2.

between plaque progression (+) and (—) groups, except for
hs-CRP; hsCRP was significantly higher in the patients
showing plaque progression (0.159 (0.073-0.393) vs. 0.073
(0.036-0.197), P=0.0119). LDL-C at CTA-2 was not sig-
nificantly different between the 2 groups (76 vs. 81 mg/dL,
P=0.2665). EPA/AA at CT-2 tended to be lower in the
plaque progression group (0.57 (0.24-0.96) vs. 0.78 (0.37-
1.18), P=0.0879). DHA/AA (0.71 (0.53-0.92) vs. 0.71
(0.53-0.92), P=0.9714) and EPA+DHA/AA (1.30 (0.81-
1.86) vs. 1.53 (1.01-2.01), P=0.1898) at CTA-2 were not
significantly different between the plaque progression (+)
and (—) groups.

Plaque progression was observed in 20.3% of the no
EPA/DHA group, 15.7% of the low-dose EPA+DHA
group, 0% of the high-dose EPA+DHA group, and 7.1%
of the high-dose EPA alone group (P=0.0107); there was
no significant difference between each group (P>0.05)
(Table 3). Patients were reclassified based on the EPA/
DHA dose they were treated with. There was significant
difference in plaque progression among groups based on
EPA dose regardless of DHA dose: EPA-none (no EPA/
DHA) vs. EPA-low (low-dose EPA+DHA) vs. EPA-high
(high dose EPA+DHA and high-dose EPA alone); 20.3
vs. 15.7 vs. 5.6%, P=0.0136 (EPA-high vs. EPA-none;
P<0.05) (Figures 1,2). There was no significant difference

based on DHA dose (P=0.1830). Although there was
significance difference based on the total EPA+DHA dose
(P=0.0328), no significant difference was observed between
each group.

Multivariate logistic regression analysis adjusted for age
and sex revealed that HRP on CTA-1 (OR 6.61, 95% CI
2.63-18.05, P<0.0001), EPA/DHA dose and statin drugs
were the independent predictors of plaque progression on
serial CTA (Table 4). EPA/DHA treatment resulted in less
plaque progression; although the high-dose EPA+DHA
group (P=0.0044) and the high-dose EPA alone group
(P=0.0021) had limited plaque progression compared to the
no EPA/DHA group, there was no significant difference
between the high-dose EPA+DHA and high-dose EPA
alone groups (P=0.1617) (model 1). In model 2, patients
were reclassified into 3 groups based on EPA dose, regard-
less of the presence of DHA: EPA-none, EPA-low (low-
dose EPA+DHA), and EPA-high (high-dose EPA+DHA
and high-dose EPA alone). The EPA-high compared to the
EPA-none group revealed an OR of 0.13 (95% CI=0.03—
0.42, P=0.0004). Rosuvastatin was associated with less
plaque progression compared with Pitavastatin (model 1:
OR 0.25, 95% CI 0.07-0.74, P=0.0117; model 2: OR 0.24,
95% CI 0.07-0.70, P=0.0079). The presentative case was
shown in Figure 2.
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Table 4. Univariate and Multivariate Logistic Regression Analysis for Plaque Progression on Serial CTA
Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age$ 1.01 (0.97-1.04) 0.6902 1.00 (0.96-1.04) 0.6484 1.01 (0.96-1.05) 0.6226
Male 0.52 (0.22-1.35) 0.1750 0.31 (0.10-0.94) 0.0394 0.32 (0.10-0.96) 0.0442
BMIS 0.97 (0.87-1.09) 0.5929
Hypertension 0.77 (0.34-1.78) 0.5405
Dyslipidemia 0.71 (0.31-1.76) 0.4467
Diabetes mellitus 1.05 (0.43-2.43) 0.9100
Current smoking 1.31 (0.56-2.97) 0.5251
Past CAD 1.75 (0.54-4.83) 0.3242
oMl 1.22 (0.27-3.98) 0.7680
CACS 1.00 (0.99-1.00) 0.5952
HRP on CTA-1 4.78 (2.07-11.78) 0.0002 6.61 (2.63-18.05)  <0.0001 6.44 (2.57-17.45)  <0.0001
TGS 1.00 (0.99-1.00) 0.6822
TCS 1.00 (0.99-1.01) 0.9997
HDL-C$ 0.99 (0.97-1.01) 0.3677
LDL-C$ 1.00 (0.99-1.01) 0.7905
DGLAS 0.99 (0.97-1.03) 0.9056
AAS 1.00 (0.99-1.00) 0.3569
EPAS 1.01 (0.99-1.02) 0.4259
DHAS 1.00 (0.99-1.02) 0.3594
EPA+DHAS 1.00 (0.99-1.01) 0.3459
EPA/AAt 1.14 (0.92—1.48) 0.2458
DHA/AAt 1.14 (0.96-1.38) 0.1457
EPA+DHA/AAt 0.08 (0.97-1.22) 0.1191
HbA1cS 0.95 (0.72-1.35) 0.7434
hs-CRP* 1.00 (0.99-1.00) 0.0932
Statin drug <0.0001 0.0359 0.0246
Pitavastatin vs. Atorvastatin 1.44 (0.36-9.68) 0.6316 2.66 (0.53-21.60) 0.2481 2.78 (0.57-22.13) 0.2196
Rosuvastatin vs. Atorvastatin  0.54 (0.11-3.97) 0.5027 0.68 (0.11-5.89) 0.7019 0.67 (0.11-5.74) 0.6910
Rosuvastatin vs. Pitavastatin ~ 0.37 (0.13-0.94) 0.0363 0.25 (0.07-0.74) 0.0117 0.24 (0.07-0.70) 0.0079
Model 1: EPA and DHA dose 0.0107 0.0024
High-dose EPA alone vs. 0.30 (0.09-0.84) 0.0217 0.17 (0.04-0.54) 0.0021
no EPA/DHA
Low-dose EPA+DHA vs. 0.73 (0.27-1.86) 0.5169 0.34 (0.10-1.06) 0.0646
no EPA/DHA
High-dose EPA+DHA vs. NA* 0.0051 NA* 0.0044
no EPA/DHA
Low-dose EPA+DHA vs. 2.41 (0.75-8.46) 0.1366 2.01 (0.56-7.71) 0.2788
high-dose EPA alone
High-dose EPA+DHA vs. NA* 0.1071 NA* 0.1617
high-dose EPA alone
High-dose vs. low-dose NA* 0.0171 NA* 0.0625
EPA+DHA
Model 2: EPA dose 0.0136 0.0020
EPA-low vs. EPA-none 0.73 (0.27-1.87) 0.5169 0.34 (0.10-1.04) 0.0604
EPA-high vs. EPA-none 0.23 (0.07-0.64) 0.0043 0.13 (0.03-0.42) 0.0004
EPA-high vs. EPA-low 0.32 (0.09-1.00) 0.0510 0.40 (0.10-1.43) 0.1611

SPer 1 increase, tPer 0.1 increase, ¥0.01 increase. *Not applicable (NA) because there was no plaque progression in the high-dose EPA+DHA
group. ClI, confidence interval; OR, odds ratio. Other abbreviations as in Tables 1,2.

Quantitative Plaque Analysis

Quantitative PV was compared among the no EPA/DHA,
high-dose EPA+DHA, low-dose EPA+DHA, and high-
dose EPA alone groups. Five lesions with cardiac events
between CTA-1 and CTA-2 were excluded from quantita-
tive plaque analysis. For patient-based analysis, total PV
and NCP volume were significantly reduced in the high-
dose EPA alone group (Supplementary Table 3). In a com-

parison based on EPA dose regardless of the presence of
DHA, interval change of the total PV and NCP volume
were significantly larger in the EPA-high group compared
with the EPA-none and EPA-low groups.

For lesion-based characterization, 563 plaques were
quantitatively analyzed (Table 5). In the no EPA/DHA,
low-dose EPA+DHA, high-dose EPA+DHA, and high-
dose EPA alone groups, total PV, fibrous PV, fibrofatty
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Table 5. Lesion-Based Quantitative Plaque Analysis

EPA/DHA dose
All plaques : .
(n=563) No EPA/DHA Low-dose High-dose High-dose EPA
(n=176) EPA+DHA (n=139) EPA+DHA (n=51) alone (n=197)
Total plaque volume (mm?), median (IQR)
CTA-1 104.61 122.24 79.10 104.39 104.39
(50.45~200.78) (563.01~197.37) (47.65~171.53) (49.72~208.49) (49.72~208.49)
CTA-2 103.24 119.31 93.34 99.37 99.37
(50.14~195.89) (56.80~224.24) (48.82~185.13) (42.78~171.63) (42.78~171.63)
Difference 0.72 6.39 3.00 -5.20 -5.20
(-10.71~13.91) (-4.26~23.32) (-5.98~23.18) (-26.06~3.47) (-26.06~3.47)
P value <0.0001 <0.0001 0.0072 <0.0001 <0.0001
Calcification (mm3), median (IQR)
CTA-1 15.81 18.58 14.62 15.17 15.17
(5.87~36.91) (4.99~40.53) (5.59~31.98) (6.18~41.87) (6.18~41.87)
CTA-2 17.57 19.32 17.32 15.10 15.10
(6.91~40.96) (7.49~45.26) (8.25~37.80) (5.91~39.74) (5.91~39.74)
Difference 0.86 1.83 1.85 -0.27 -0.27
(-2.33~6.18) (-1.40~8.56) (-1.01~8.02) (-4.10~2.86) (-4.10~2.86)
P value <0.0001 <0.0001 <0.0001 0.0167 0.1648
Fibrous plaque (mm?3), median (IQR)
CTA-1 18.61 20.05 15.68 22,5 19.06
(10.00~34.18) (10.04~33.36) (9.91~29.85) (12.43~36.07) (9.78~36.45)
CTA-2 17.52 17.87 16.58 20.61 17.36
(9.72~33.05) (10.42~38.06) (10.59~32.29) (11.03~32.73) (8.63~32.29)
Difference -0.80 -0.39 0.78 -0.42 -2.13
(-4.67~3.66) (-4.05~5.33) (-2.37~5.43) (-3.18~3.24) (-7.13~1.33)
P value 0.0424 0.8156 0.0706 0.6359 <0.0001
Fibro-fatty plaque (mm?3), median (IQR)
CTA-1 45.63 48.77 39.61 57.87 45.16
(23.31~99.56) (24.57~102.16) (22.59~84.76) (24.87~115.15) (23.04~99.59)
CTA-2 43.68 50.17 39.18 56.24 43.01
(22.04~95.98) (25.94~107.46) (20.06~82.76) (20.18~9.036) (20.49~83.60)
Difference -1.01 1.97 -0.06 -3.46 -2.82
(-8.60~5.17) (-4.44~10.23) (-6.02~6.82) (-10.49~1.2) (-13.63~1.36)
P value 0.0092 0.0041 0.9142 0.0022 <0.0001
Low attenuation plaque (mm?3), median (IQR)
CTA-1 6.26 7.30 5.52 10.95 5.22
(1.81~20.39) (1.80~21.61) (1.80~15.66) (1.9~25.62) (1.82~22.59)
CTA-2 6.18 9.04 4.99 10.25 5.20
(1.79~20.39) (2.76~23.78) (1.32~17.85) (1.77~20.26) (1.83~17.94)
Difference 0.01 0.56 -0.10 -0.24 -0.21
(-2.64~1.99) (-1.44~5.80) (-2.45~1.53) (-2.79~1.92) (-4.82~0.88)
P value 0.6204 0.0016 0.6973 0.4202 0.0014
Total non-calcified plaque (mm?3), median (IQR)
CTA-1 74.05 78.65 63.05 95.16 76.15
(36.43~157.48) (38.49~159.47) (35.68~137.11) (38.53~183.18) (35.13~163.14)
CTA-2 70.20 82.68 65.6 88.12 67.38
(36.27~151.62) (40.62~174.35) (33.66~133.25) (34.62~141.09) (32.46~129.76)
Difference -1.04 3.16 0.30 -3.42 -4.27
(-10.63~7.82) (-5.52~16.99) (-7.97~11.55) (-11.04~4.3) (-20.22~1.29)
P value 0.0434 0.0003 0.4118 0.0621 <0.0001
Remodeling index, median (IQR)
CTA-1 114.5 117.7 109.5 115.65 114.3
(99.7~133.1) (101.1~135.7) (98.1~129.7) (99.39~135.23) (99.7~134.6)
CTA-2 114.5 121.9 114.8 108.58 111.8
(101.1~134.1) (103.5~142.5) (102.7~130.0) (101.4~132.5) (98.4~133.4)
Difference 1.46 1.91 5.35 -0.32 -0.58
(-11.04~12.83) (-13.01~16.10) (-5.71~13.33) (-14.95~12.66) (-12.11~10.12)
P value 0.2318 0.3237 0.0008 0.5353 0.2273

*No EPA vs. high-dose EPA alone, P<0.05. ¥No EPA vs. high-dose EPA+DHA, P<0.05. SHigh-dose EPA alone vs. low-dose EPA+DHA,
P<0.05. THigh-dose EPA alone vs. high-dose EPA+DHA, P<0.05. ttEPA-none vs. EPA-low, P<0.05. #EPA-none vs. EPA-high, P<0.05.
SSEPA-low vs. EPA-high, P<0.05. CTA, computed tomography angiography; EPA, eicosapentaenoic acid; IQR, interquartile range.

(Table 5 continued the next page.)
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EPA/DHA dose EPA dose
EPA-none EPA-low EPA-high
P value (n=176) (n=139) (n=248) P value
Total plaque volume (mm3), median (IQR)
CTA-1 0.3214 122.24 79.10 110.85 0.1967
(53.01~197.37) (47.65~171.53) (50.05~210.86)
CTA-2 0.0895 119.31 93.34 103.19 0.0472%
(56.80~224.24) (48.82~185.13) (45.68~176.48)
Difference <0.0001*+$§ 6.39 3.00 -4.73 <0.0001#+58
(-4.26~23.32) (-5.98~23.18) (-24.1~3.82)
P value <0.0001 0.0072 <0.0001
Calcification (mm3), median (IQR)
CTA-1 0.8985 18.58 14.62 14.98 0.7909
(4.99~40.53) (5.59~31.98) (6.77~38.35)
CTA-2 0.3947 19.32 17.32 15.15 0.2284
(7.49~45.26) (8.25~37.80) (6.03~37.85)
Difference <0.0001*51 1.83 1.85 -0.04 <0.0001#+88
(-1.40~8.56) (-1.01~8.02) (-3.78~3.46)
P value <0.0001 <0.0001 0.8858
Fibrous plaque (mm?3), median (IQR)
CTA-1 0.4776 20.05 15.68 19.68 0.4328
(10.04~33.36) (9.91~29.85) (10.02~36.19)
CTA-2 0.3573 17.87 16.58 17.96 0.4133
(10.42~38.06) (10.59~32.29) (9.22~32.35)
Difference <0.0001*$ -0.39 0.78 -1.59 <0.0001#+8§
(-4.05~5.33) (-2.37~5.43) (-6.29~1.57)
P value 0.8156 0.0706 <0.0001
Fibro-fatty plaque (mm?3), median (IQR)
CTA-1 0.4212 48.77 39.61 47.63 0.3506
(24.57~102.16) (22.59~84.76) (23.25~100.40)
CTA-2 0.1925 50.17 39.18 44.04 0.1143
(25.94~107.46) (20.06~82.76) (20.48~85.81)
Difference <0.0001*+$§ 1.97 -0.06 -3.07 <0.0001#+88
(-4.44~10.23) (-6.02~6.82) (-12.46~1.27)
P value 0.0041 0.9142 <0.0001
Low attenuation plaque (mm3), median (IQR)
CTA-1 0.5501 7.30 5.52 5.96 0.5231
(1.80~21.61) (1.80~15.66) (1.84~22.63)
CTA-2 0.0454 9.04 4.99 5.58 0.0251tt##
(2.76~23.78) (1.32~17.85) (1.81~20.02)
Difference <0.0001* 0.56 -0.10 -0.23 <0.0001 1t
(-1.44~5.80) (-2.45~1.53) (-4.53~1.00)
P value 0.0016 0.6973 0.0012
Total non-calcified plaque (mm?3), median (IQR)
CTA-1 0.4133 78.65 63.05 77.34 0.3288
(38.49~159.47) (35.68~137.11) (36.08~164.52)
CTA-2 0.1800 82.68 65.6 68.82 0.1152
(40.62~174.35) (33.66~133.25) (32.92~134.37)
Difference <0.0001*#+$§ 3.16 0.30 -4.18 <0.0001#+8§
(-5.52~16.99) (-7.97~11.55) (-18.71~1.97)
P value 0.0003 0.4118 <0.0001
Remodeling index, median (IQR)
CTA-1 0.1634 117.7 109.5 1145 0.0806
(101.1~135.7) (98.1~129.7) (99.6~134.6)
CTA-2 0.0740 121.9 114.8 110.8 0.0325%
(103.5~142.5) (102.7~130.0) (98.7~132.3)
Difference 0.0131§ 1.91 5.35 -0.47 0.00465%
(-13.01~16.10) (-5.71~13.33) (-12.68~10.51)
P value 0.3237 0.0008 0.1670
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plaque, low attenuation PV, and total non-calcified PV
were significantly reduced in the high-dose EPA alone
group. In the high-dose EPA+DHA group, fibrofatty
plaque and total non-calcified PV were reduced, but it was
not significantly different between CTA-1 and CTA-2.
Interval change of total PV and total non-calcified PV were
significantly different; the high-dose EPA+DHA and high-
dose EPA alone groups were significantly different com-
pared with the no EPA/DHA group, and there was a
significant difference between the high-dose EPA+DHA
and the low-dose EPA alone groups. In a comparison
based on EPA dose regardless of the presence of DHA, the
interval change of total PV and total non-calcified PV were
significantly larger in the EPA-high group and EPA-low
groups compared with the EPA-none group. LAP volume
change was significantly different between the 3 groups;
LAP volume was significantly increased in the EPA-none
group and significantly decreased in the EPA-high group.
Median change of the remodeling index was increased in
the EPA-none and EPA-low groups and decreased in the
EPA-high group.

Discussion

Addition of the high-dose EPA regardless of DHA to
statin therapy in patients after ACS restricted plaque pro-
gression, as verified by serial CTA compared, with no added
EPA. Plaque progression was detected on serial CTA in
13% of patients with ACS who were receiving statin treat-
ment. Addition of EPA substantially reduced the fre-
quency of plaque progression (5.6%). Although high-dose
EPA+DHA combination also limited plaque progression
compared to low-dose EPA+DHA combination or no
EPA/DHA, there was no significant difference between a
high-dose EPA+DHA combination and high-dose EPA
alone.

Omega-3 Fatty Acids and Cardiovascular Events

Reduction of LDL-C with statin treatment is indispensable
for secondary and primary prevention of major adverse
cardiac events.'# Although several studies have reported
that addition of EPA to statins reduces cardiac events or
death,!%-12 the efficacy of n-3 fatty acids has not been con-
clusive.23-26 Meta-analysis of 20 randomized clinical trials
was reported, including 13 secondary prevention studies, 4
mixed primary and secondary prevention studies, and 3
studies for prevention of arrhythmogenic events. The
omega-3 fatty acid supplementation was not associated
with a lower risk of cardiovascular event. In this report, the
mean dose of omega-3 was 1.51g per day (0.77g EPA,
0.60g DHA).2> Another meta-analysis of 10 studies that
investigated secondary prevention of CAD had also
demonstrated that omega-3 fatty acids had no significant
effect on cardiovascular events. In these studies, the dose
of EPA varied between 226 and 1,800mg and DHA between
150 and 1,700 mg.26

Dose of the Omega-3 Fatty Acids and Potential Efficacy

Recently conducted primary prevention of CAD studies
allude to the importance of omega-3 fatty acid dose. The
ASCENT study evaluated the effect of an omega-3 fatty
acid supplement on cardiovascular disease in 15,480 patients
with diabetes but without past evidence of CAD.?” Patients
received 1-g capsules containing either omega-3 fatty acids
(840mg including EPA 460mg and DHA 380mg) or a

matching placebo (olive oil) daily. There was no significant
difference in the risk of major adverse vascular events
between the fatty acid and placebo groups. The VITAL
study evaluated the efficacy of omega-3 fatty acids for
primary prevention of CAD in 25,871 general population
assigned to receive either omega-3 fatty acids (1 g per day
as a fish-oil capsule containing EPA 460mg and DHA
380mg) or a placebo.?® Similar to the ASCENT study, the
VITAL study also concluded that supplementation with
omega-3 fatty acids did not lower the incidence of major
cardiovascular events.

In contrast, 2 other studies have evaluated the feasibility
of using higher doses of omega-3 fatty acids. The REDUCE-
IT study reported the effect of 4g of EPA in patients at
high risk of cardiovascular events.?” They included 8,179
patients with a high triglyceride level who have been receiv-
ing statin therapy, and patients were assigned to receive
either 4 g of icosapent ethyl (high-purity prescription form
of EPA) or a placebo; the risk of a cardiovascular event
was significantly lower with EPA treatment. The JELIS
study (Japan EPA Lipid Intervention Study) recruited
18,645 hypercholesterolemia patients to receive either
statin therapy plus 1.8g of pure EPA or statin therapy
alone.!? The risk of major adverse cardiac events was sig-
nificantly lower in the group that received the combination
treatment than in the group that received statin therapy
alone. Compared to the ASCENT and VITAL studies, the
JELIS and REDUCE-IT studies used a substantially
higher dose of omega-3 fatty acids, and this could explain
the discrepancy in outcomes.

In the present study, high-dose EPA (EPA-high: high-dose
EPA+DHA and high-dose EPA alone) could prevent plaque
progression on serial CTA, compared to no EPA (EPA-
none). Although high-dose EPA+DHA (1,860+1,500 mg)
group also limited plaque progression compared to low-
dose EPA+DHA (930+750mg) and no EPA/DHA, there
was no significant difference compared with high-dose
EPA alone. A comparison of the current study with previous
studies suggests that the plaque modification may contrib-
ute to the efficacy of omega-3 fatty acid supplementation.

Plaque Progression on Serial CTA as a Surrogate Marker
of Future Cardiac Events

CTA-verified HRP has been reported as a predictor of
adverse future cardiac events in studies including patients
both with and without known CAD.13 It is further
reported that not all HRP result in cardiac events, and
most of the fateful HRP demonstrates plaque progression
before an event. In 423 patients undergoing serial CTA,
plaque progression was detected in 13.2% at a mean interval
of 1 year." During a median follow up of 4.1 years after
CTA-2, patients with plaque progression had a significantly
higher rate of future events (14.3%) than those without
plaque progression (0.3%; P<0.05). Plaque progression
emerged as the independent predictor of ACS. We have
recently proposed that plaque progression is a necessary
predecessor of future cardiac events, and that the prevention
of progression would contribute to prevention of adverse
cardiac events.!¢ In the present study, plaque progression
upon CTA-2 was observed in 13%. HRP on both CTA-1
and CTA-2 was significantly more frequent in the plaque
progression group compared with the no plaque progression
group. HRP was even more frequently detected on CTA-2
compared to CTA-1. HRP played an important role in
plaque progression and future cardiac events as well.
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The patients treated with high-dose EPA (EPA-high)
demonstrated a significantly lower rate of plaque progres-
sion (5.6%) than patients treated without EPA (20.3%).
Although the REDUCE-IT study had included patients
only with >150mg/dL triglyceride levels, cardiovascular
risk reduction was not associated with a reduction in tri-
glyceride level. The observed cardiovascular benefit was
similar across all baseline tertiles of triglycerides (<150,
>150 to <200, and 2200mg/dL), and the lower risk of major
adverse cardiovascular events with EPA (vs. placebo)
occurred irrespective of the attained triglyceride level at 1
year (2150 or <150mg/dL). Based on these observations,
it was suggested that the cardiovascular risk reduction was
not associated with attainment of a more normal triglycer-
ide level, and at least some of the effect of EPA might be
explained by metabolic effects other than a reduction of
triglyceride levels. The present study included patients with
a lower level of a median triglyceride level (114mg/dL) at
baseline. Although triglycerides were significantly reduced
when a higher dose of EPA was taken, triglyceride level at
CTA-2 was not significantly different in patients with and
without plaque progression. It has also been proposed that
the omega-3 fatty acids exert beneficial effects by their anti-
thrombotic, blood-pressure-lowering, and anti-inflamma-
tory effects.3031 In the serial CTA study, we have previously
demonstrated that a reduction in LDL-C with statin treat-
ment results in a reduction in PV over time and could
contribute to plaque stability.!5 Previous studies that eval-
uated the effect of statin therapy with intravascular ultra-
sound (IVUS) also reported that intensive statin therapy
reduced PV.323 In the present study, there was no regression
effect on total non-calcified PV in the EPA-none group.
Although all patients were on statin therapy, only 13%
were on maximum dose; median LDL-C at follow up was
80mg/dL. More intensive statin therapy could have helped
to reduce the PV. The high-dose EPA+DHA group had a
higher rate (65%) of patients on Rosvastatin and lower
LDL-C (median (OQR): 73 (65-103) mg/dL) at follow up.
In addition, on multivariate logistic regression analysis, statin
drug was the independent predictor of plaque progression
at CTA-2 (patients with Rosvastatin had significantly less
plaque progression compared with patients with Pitavas-
tatin). These results supported the importance of LDL-C
reduction with intensive stain therapy. In the present study
for the secondary prevention of CAD, all patients were on
statin therapy. The limited plaque progression in the EPA-
high group, therefore, suggests that plaque modification is
a result of non-lipid-related mechanisms. The present
study, however, confirms the efficacy of omega-3 fatty
acid supplementation, but it is not able to specify the
pathogenetic basis of favorable plaque characteristics.

Study Limitations

This study has several limitations. First, this is retrospec-
tive and single center study with a low number of patients.
Second, the dose and variety of statin treatment was not
identical between groups. Finally, selection of omega-3
fatty acids was determined by the attending physician.
Although the selection of omega-3 fatty acids could be
subjected to bias, there was no significant difference in
patient baseline characteristics.

Conclusions
In patients with ACS, addition of high-dose EPA regard-

less of DHA (EPA-high) to statin therapy, compared to
statin therapy without EPA, was associated with a lower
rate of plaque progression. The limited plaque progression
could explain the efficacy of high-dose omega-3 fatty acid
supplementation addition to intensive statin therapy for
favorable effects on cardiovascular outcomes.
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