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ABSTRACT

Purpose: The purpose of this study was to examine
the efficacy and safety of adding ω-3 fatty acids to
rosuvastatin in patients with residual hypertriglyceridemia
despite statin treatment.
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Methods: This study was a multicenter, random-
ized, double-blind, placebo-controlled study. After a
4-week run-in period of rosuvastatin treatment, the
patients who had residual hypertriglyceridemia were
randomized to receive rosuvastatin 20 mg/d plus ω-3
fatty acids 4 g/d (ROSUMEGA group) or rosuvastatin
20 mg/d (rosuvastatin group) with a 1:1 ratio and
were prescribed each medication for 8 weeks.

Findings: A total of 201 patients were analyzed
(mean [SD] age, 58.1 [10.7] years; 62.7% male). After
8 weeks of treatment, the percentage change from
baseline in triglycerides (TGs) and non–HDL-C was
significantly greater in the ROSUMEGA group than in
the rosuvastatin group (TGs: −26.3% vs −11.4%,
P o 0.001; non–HDL-C: −10.7% vs −2.2%,
P ¼ 0.001). In the linear regression analysis, the
lipid-lowering effect of ω-3 fatty acids was greater
when baseline TG or non−HDL-C levels were high
and body mass index was low. The incidence of
adverse events was not significantly different between
the 2 groups.

Implications: In patients with residual hypertrigly-
ceridemia despite statin treatment, a combination of
ω-3 fatty acids and rosuvastatin produced a greater
reduction of TGs and non−HDL-C than rosuvastatin
alone. Further study is needed to determine whether
the advantages of this lipid profile of ω-3 fatty acids
actually leads to the prevention of cardiovascular
event. ClinicalTrials.gov identifier: NCT03026933.
(Clin Ther. 2018;40:83–94) & 2018 The Authors.
Published by Elsevier HS Journals, Inc.

Key words: combination, hypertriglyceridemia,
non–HDL-C, ω-3 fatty acids, rosuvastatin,
triglycerides.
INTRODUCTION
Control of blood cholesterol levels apparently reduces
atherosclerotic cardiovascular disease.1 The first
recommended therapy for dyslipidemia is statins,
which effectively prevents cardiovascular disease by
lowering LDL-C levels. However, hypertriglyceridemia
is also well known as an independent risk factor
associated with cardiovascular events.2–4 Statins are
not effective at lowering triglycerides (TGs), which
partly explains the reason why cardiovascular events
occur even with the use of statins. Therefore, in
patients with mixed dyslipidemia, controlling TG levels
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in addition to lowering LDL-C levels should be
considered.

Treatment options to lower TG levels are fibrates,
niacin, and ω-3 fatty acids.5 Among these, fibrates
and niacin are associated with tolerability problems.
Contrariwise, ω-3 fatty acids have proven its
TG-lowering effect with good tolerability.6 However,
there are mild LDL-C–increasing effects in ω-3
fatty acids.7 For appropriate combination therapy
of statin and ω-3 fatty acids, further studies are
needed.

Previous studies have found the efficacy of combin-
ing ω-3 fatty acids with several statins on controlling
TG levels.8–10 However, the efficacy and tolerability
of the combination of ω-3 fatty acids and rosuvastatin,
which is the most potent statin currently used, have
not yet been proven. This Phase III study aimed to
examine the efficacy and safety of the combination
of ω-3 fatty acids and rosuvastatin compared with
rosuvastatin alone in patients with residual hyper-
triglyceridemia despite statin treatment.
METHODS
Study Design

The study was an 8-week, prospective, randomized,
double-blind, parallel group, Phase III multicenter trial
conducted in 33 centers in South Korea. The study
period was from June 18, 2014, through March 31,
2016.

Patients with hypercholesterolemia at high risk for
cardiovascular disease according to the National
Cholesterol Education Program (NCEP): Adult Treat-
ment Panel III (ATP III) were screened.11 To be eligible
in first screening, participants were required to meet
the following criteria: (1) age from 19 to 80 years, (2)
fasting TG level ≥300 mg/dL and LDL-C level ≥100
mg/dL and o160 mg/dL for individuals who were not
taking statins for 4 weeks, (3) TG level ≥200 mg/dL
and o500 mg/dL, and LDL-C level o110 mg/dL for
individuals who were taking statins for last 4 weeks,
and (4) nonsmoking during the study period. Then
eligible participants underwent a 4-week run-in
period. During the run-in period, all participants
received 20 mg/d of open-label rosuvastatin calcium
and discontinued use of other lipid-lowering agents.
After the run-in period, the levels of LDL-C and TGs
were measured repeatedly. To be eligible in the second
screening, participants were required to meet the
Volume 40 Number 1



Screening
Treatment

(run-in)

Day -35 to -28 Day 1 Day 29 ± 3 Day 57 ± 3

ROSUMEGA (KI1107) 4 capsules + placebo (rosuvastatin 20 mg) once

Placebo (ROSUMEGA (KI1107)) 4 capsules + (rosuvastatin 20 mg) once

Rosuvastatin 20 mg

Randomization Treatment visit Last visitScreening visit

200 mg/dL ≤ TG < 500 mg/dL
LDL-C < 110 mg/dL
No treatment with statin for 4 weeks: reduction of LDL-C comparing screening
> 80% Adherence

Figure 1. Study protocol. After a 4-week run-in
period with rosuvastatin 20 mg, eligi-
ble patients were randomized to the
rosuvastatin 20 mg/d plus ω-3 fatty
acids 4 g/d (ROSUMEGA) or rosuvas-
tatin group. Lipid and lipoprotein
levels and adverse events were evalu-
ated at 8 weeks after treatment. TG ¼
triglyceride.
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following criteria: (1) residual hypertriglyceridemia
with fasting TG level ≥200 mg/dL and o500 mg/
dL, (2) well-controlled LDL-C level of o110 mg/dL,
(3) reduction of LDL-C levels during the run-in period
comparing first screening if individuals were not
taking statins before, and (4) those who had an
adherence rate of ≥80% for medication during the
run-in period. The exclusion criteria included (1)
history of unstable angina, acute myocardial
infarction, coronary artery revascularization, including
coronary artery bypass surgery, transient ischemic
attack, or stroke 3 months before screening; (2)
history of operation for aortic aneurysm within 6
months before screening; (3) symptom of unexplained
myalgia or a diagnosis of myalgia or rhabdomyolysis at
screening; (4) history of pancreatitis before screening;
(5) uncontrolled hypertension; (6) serum creatinine level
≥2 times the upper limit of normal; (6) alanine
aminotransferase and/or aspartate aminotransferase
≥3 times the upper limit of normal; (7) creatinine
phosphokinase levels 45 times the upper limit of
normal; (8) genetic disorder, including galactose
intolerance, Lapp lactase deficiency, or glucose-
galactose malabsorption; (9) history of positive
antibody HIV-1 or HIV test result; (10) history of
malignant tumor within 5 years; and (11) the use of
prohibited concomitant medications. The eligible
patients were randomly assigned with a 1:1 ratio to 2
groups and prescribed ROSUMEGA or rosuvastatin for
8 weeks. Individuals in the ROSUMEGA group were
prescribed 4 capsules of ω-3 fatty acids 1 g plus
rosuvastatin calcium 5 mg and 1 tablet of placebo of
rosuvastatin 20 mg/d. Each 1 g of ω-3 fatty acids
contains 380 mg of docosahexaenoic acid and 460 mg
of eicosapentaenoic acid. The rosuvastatin group
received 4 capsules of placebo of ROSUMEGA and 1
tablet of rosuvastatin calcium 20 mg (Figure 1). On the
basis of baseline data collected, an individual’s 10-year
risk of coronary heart disease was calculated according
to NCEP ATP III.11 The study protocol was approved
by the institutional review board or ethics committee at
each participating center, and all patients provided
written informed consent.
Efficacy and Tolerability Assessments
The efficacy end points were the percentage change

of lipid and lipoprotein levels, including TGs, non–
HDL-C, total cholesterol, LDL-C, HDL-C, VLDL-C,
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and apolipoprotein A1 and B (Apo A1 and Apo B)
after 8 weeks from baseline.

Subgroup analyses were performed according to
diabetes mellitus (DM), chronic kidney disease (CKD),
age (≥65 vs o65 years), and sex (male vs female) to
determine whether the effects of ω-3 fatty acids
differed in each subgroup. The study participants
were classified into the DM group if they had a
previous diagnosis of DM or who were currently
taking oral hypoglycemic agents or insulins. The
definition of CKD was a glomerular filtration rate
o60 mL/min per 1.73 m2.12

Tolerability was assessed by monitoring of adverse
events and performing physical examinations and
laboratory tests, including serum chemical analyses
and urinalysis. Adverse events included all unintended
consequences of the individuals receiving treat-
ment regardless of causality. Adverse drug reaction
meant a harmful, unintended reaction, and the
causal relationship with the treatment cannot be
excluded. Adverse events were categorized as
definitely related, probably related, possibly related,
probably not related, and definitely not related to the
study drug.

Statistical Analysis
Continuous variables were expressed as mean (SD)

or mean (SE) as appropriate and compared with the
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2-sample t test or Wilcoxon rank sum test according
to normal distribution. Categorical variables were
expressed as frequencies and percentages, and the χ2

test was used for comparison. The differences of
percentage changes in TG and other cholesterol values
between the treatment groups were compared
using the 2-sample t test if normally distributed and
the Wilcoxon rank sum test if not normally
distributed. To identify the clinical factors associated
with the greater effect of ω-3 fatty acids in lowering
TG and non–HDL-C levels, linear regression analyses
were performed and the prediction model was
obtained.

The efficacy analyses were performed using the full
analysis set population and the safety analyses with
the safety set population. Two-sided P o 0.05 was
considered statistically significant. All analyses were
performed using SAS, version 9.3 (SAS Institute, Cary,
North Carolina) and SPSS, version 22.0 (IBM Co,
Armonk, New York).
RESULTS
Baseline Characteristics

Of the 750 patients who were screened, 469
patients entered the run-in period, and 215 patients
were randomly assigned to treatment groups. A total
of 104 patients were assigned to the ROSUMEGA
group and 111 patients to the rosuvastatin group.
From the randomized population, 1 participant in
each group were excluded from the safety set because
they were not actually treated. Then the equal number
of 6 patients in both groups was excluded from full
analysis set population because of violation from
eligibility criteria or inadequate laboratory test. Fi-
nally, 201 patients were analyzed for evaluating
efficacy end points (Figure 2).

Baseline characteristics are summarized in
Table I. Clinical characteristics were similar between
the 2 groups except for age, with older subjects in the
ROSUMEGA group than in the rosuvastatin
group (mean [SD] age, 59.7 [10.8] vs 56.6 [10.5]
years; P ¼ 0.040). The mean (SD) 10-year risk score
for coronary heart disease was 10.5% (6.9%) in the
ROSUMEGA group and 8.8% (6.5%) in the
rosuvastatin group (P ¼ 0.085). There was no
difference in the proportion of patients who
previously used statins between the 2 groups (92.8%
vs 95.2%, P ¼ 0.471).
86
Efficacy End Points
Table II summarizes the results for the changes of

lipid and lipoprotein variables. The percentage change
at 8 weeks from baseline in TG levels was significantly
greater with the ROSUMEGA group compared with
the rosuvastatin group (−26.3% vs −11.4%, P o
0.001). There was also a greater reduction of non–
HDL-C levels in the ROSUMEGA group than in the
rosuvastatin group (−10.7% vs −2.2%, P ¼ 0.001).
Among other lipid parameters, total cholesterol,
VLDL-C, Apo A1, and Apo B also had a greater
decrease in the ROSUMEGA group than in the
rosuvastatin group after 8 weeks of treatment
(P o 0.05 for each). Meanwhile, LDL-C and HDL-C
levels slightly increased after 8 weeks of treatment in
both groups, but the difference between the groups was
not statistically significant (LDL-C: 1.8% vs 4.3%,
P ¼ 0.335; HDL-C: 0.9% vs 2.8%, P ¼ 0.377).

Subgroup Analysis of Efficacy
We performed subgroup analyses in changes of TG

and non–HDL-C levels according to DM, CKD, sex,
and age (≥65 vs o65 years). Regardless of the
presence of DM, the ROSUMEGA group had a
greater reduction in TG levels after 8 weeks compared
with the rosuvastatin group (patients with DM:
−25.4% vs −9.4%, P ¼ 0.002; patients without
DM: −29.5% vs −16.8%, P ¼ 0.045). This tendency
of additional TG-lowering effects of ROSUMEGA
was present in both of insulin-dependent DM and
non–insulin-dependent DM (insulin-dependent DM:
−27.6% vs −14.1%, P ¼ 0.224; non–insulin-depend-
ent DM: −24.6% vs −9.4%, P ¼ 0.011). Likewise,
regardless of CKD, sex, and age groups, greater
reductions in TG levels were achieved by the ROSU-
MEGA group compared with the rosuvastatin group
(Figure 3).

In the case of non–HDL-C, the effect of ROSU-
MEGA on reducing the levels of non–HDL-C after 8
weeks was different by subgroups. In patients with
DM, ROSUMEGA had a greater lowering effect on
non–HDL-C than rosuvastatin (−12.6% vs −1.6%,
P ¼ 0.002), but in patients without DM, ROSUMEGA
had similar effects on non-HDL-C as rosuvastatin
(−4.3% vs −3.8%, P ¼ 0.250). Among patients with
DM, ROSUMEGA tended to decrease non–HDL-C
levels more than rosuvastatin, regardless of insulin
dependency (insulin-dependent DM: −19.4% vs
þ6.8%, P ¼ 0.018; non–insulin-dependent DM:
Volume 40 Number 1



Screening

First  screening failure (N = 281)

Second screening failure (n = 254)

Violation from inclusion and exclusion (n=269)

Violation from inclusion and exclusion (n = 239)

Violation from inclusion and exclusion (n=5)

Not assessed non–HDL-C (n = 2)

Withdrawal consent  (n = 10)

Withdrawal consent (n = 11)

Others (n = 2)

Follow-up loss (n = 1)

Adverse event (n = 3)

Randomized

ROSUMEGA Rosuvastatin

(n = 215)

(n = 104)

Exclusion from safety set (n = 1)

Not treated (n = 1)

Exclusion from safety set (n = 1)

Exclusion from FAS (n* = 6)

Violation from inclusion and exclusion (n=5)

Not assessed non–HDL-C (n = 1)

Exclusion from FAS (n=6)

Not treated (n = 1)

(n = 111)

ROSUMEGA Rosuvastatin
(n = 103) (n = 110)

Run-in

(n = 469)

(N = 750)

Safety set

(n = 213)

ROSUMEGA Rosuvastatin

(n = 97) (n = 104)

(n = 201)

FAS

Figure 2. Study population. FAS ¼ full analysis set; ROSUMEGA ¼ rosuvastatin 20 mg/d plus ω-3 fatty acids
4 g/d. *Double counting.
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−11.2% vs −4.0%, P ¼ 0.169). In the subgroups of
normal renal function, female, and elderly (465 years
old), ROSUMEGA had a greater lowering effect on
non–HDL-C than rosuvastatin alone (Figure 4).

Clinical Factors That Affect Lipid-lowering Effects
of ω-3 Fatty Acids

Multiple linear regression analyses were performed
to find the clinical factors associated with the greater
January 2018
effect of ω-3 fatty acids in lowering TG and non–
HDL-C levels. In the case of TGs, the higher the
baseline TG level and the lower the body mass index
(BMI), the greater the decrease in TGs obtained by
adding ω-3 fatty acids. However, DM, age, CKD,
and sex did not significantly affect TG reduction
(Table III).

Similar to TGs, high baseline non–HDL-C
levels and low BMI were associated with a large
87



Table I. Baseline characteristics.*

Characteristic ROSUMEGA (n ¼ 97) Rosuvastatin (n ¼ 104) P

Age, mean (SD), y 59.7 (10.8) 56.6 (10.5) 0.040
Male 59 (60.8) 67 (64.4) 0.598
Height, mean (SD), cm 162.7 (9.3) 163.1 (8.6) 0.767
Weight, mean (SD), kg 72.5 (12.0) 73.5 (12.4) 0.586
BMI, mean (SD), kg/m2 27.4 (3.7) 27.6 (3.6) 0.410
Hypertension 75 (77.3) 79 (76.0) 0.820
Diabetes mellitus 75 (77.3) 75 (72.1) 0.397
Insulin-dependent diabetes mellitus 13 (13.4) 17 (16.3) 0.558
Chronic kidney disease 14 (14.4) 15 (14.7) 0.957
Current smoker 25 (25.8) 24 (23.1) 0.656
Alcohol drinking 44 (45.4) 50 (48.1) 0.884
History of coronary artery disease 36 (37.1) 48 (46.2) 0.194
History of cerebrovascular disease 5 (5.2) 7 (6.7) 0.637
10-Year risk score for coronary heart disease 10.5 (6.9) 8.8 (6.5) 0.085
Previous use of statin 90 (92.7) 99 (95.2) 0.471

BMI ¼ body mass index; ROSUMEGA ¼ rosuvastatin 20 mg/d plus ω-3 fatty acids 4 g/d.
⁎Data are presented as number (percentage) of patients unless otherwise indicated.
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non–HDL-C decrease. In addition, the effect of
ω-3 fatty acids on reducing non–HDL-C was
greater in patients with DM than in patients without
Table II. Lipid and lipoprotein levels at baseline and 8 w

Variable

ROSUMEGA (n ¼ 97)

Baseline,
Mean (SD),

mg/dL

Week 8,
Mean (SD),

mg/dL

Percent
Change,
Mean
(SEM)

M

Triglycerides 284.0 (68.6) 205.9 (91.4) −26.3 (3.1) 2
Non–HDL-C 99.1 (23.7) 86.0 (25.4) −10.7 (2.9)
Total cholesterol 141.2 (24.5) 128.3 (27.2) −8.1 (1.9) 1
LDL-C 61.9 (19.6) 61.5 (22.2) 1.8 (3.1)
HDL-C 42.1 (7.5) 42.3 (8.8) 0.9 (1.5)
VLDL-C 37.2 (16.4) 24.6 (15.1) −28.5 (4.4)
Apolipoprotein

A1
140.1 (23.0) 133.8 (24.5) −1.5 (4.1) 1

Apolipoprotein
B

75.4 (20.5) 71.1 (18.3) −3.4 (2.5)

88
DM. Age, CKD, and sex did not significantly
affect non–HDL-C reduction by ω-3 fatty acids
(Table IV).
eeks after treatment.

Rosuvastatin (n ¼ 104)

Baseline,
ean (SD),
mg/dL

Week 8,
Mean (SD),

mg/dL

Percent
Change,
Mean
(SEM)

P for Percent
Change Between

Groups

79.6 (64.2) 241.7 (97.7) −11.4 (3.4) o0.001
96.7 (22.0) 94.1 (30.7) −2.2 (2.5) 0.001
39.4 (24.0) 137.2 (31.9) −1.2 (1.7) o0.001
62.5 (18.4) 64.7 (25.5) 4.3 (2.9) 0.335
42.6 (10.1) 43.1 (8.9) 2.8 (1.6) 0.377
34.2 (13.4) 29.4 (19.5) −12.2 (4.9) 0.004
39.9 (23.8) 138.0 (22.7) −0.5 (1.2) 0.009

75.7 (16.5) 75.3 (20.4) 0.3 (2.0) 0.049
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n = 75

n = 59 n = 67 n = 38 n = 37 n = 34 n = 28 n = 63 n = 76

n = 75 n = 22 n = 29 n = 14 n = 15 n = 83 n = 87

P =  0.002∫ P =  0.045∫ P = 0.276§ P < 0.001∫

P = 0.014∫ P = 0.003∫ P  = 0.004∫ P = 0.013∫

Figure 3. Subgroup analyses in percentage changes of triglyceride (TG) levels after 8 weeks. There was a
greater reduction of TG levels in the rosuvastatin 20 mg/d plus ω-3 fatty acids 4 g/d.
(ROSUMEGA) group than in the rosuvastatin group regardless of diabetes mellitus (DM), chronic
kidney disease (CKD), sex, and age.

C.H. Kim et al.
Safety analyses
There was no significant difference between groups

in adverse events (15.5% in the ROSUMEGA group
vs 17.3% in the rosuvastatin group, P ¼ 0.732).
Serious adverse events occurred in 2 of 103 individ-
uals (1.9%) in the ROSUMEGA group and 2 of 110
(1.8%) in the rosuvastatin group. In particular, the 2
serious adverse events in the ROSUMEGA group were
ovarian cancer and parkinsonism, and the 2 serious
adverse events in the rosuvastatin group were breast
cancer and tarsal tunnel syndrome. None of
these were considered related to study treatment.
There were no significant increases in creatinine
phosphokinase levels (4 5.0 times the upper limit
of normal) or alanine aminotransferase levels
(43.0 times the upper limit of normal) in both
groups. One patient in the ROSUMEGA group
had mild significant aspartate aminotransferase
elevation (43.0 times the upper limit of normal)
January 2018
but o5 times the upper limit of normal. No adverse
drug reactions were observed in the rosuvastatin
group.
DISCUSSION
This study found that a combination of ω-3 fatty acids
and rosuvastatin in patients with residual hypertrigly-
ceridemia achieved a greater reduction in TG, non–
HDL-C, and other lipid and lipoprotein levels than
rosuvastatin alone did. In addition, the higher
the baseline TG and non-HDL levels and the lower
the BMI, the better the effect of ROSUMEGA, and the
effect of lowering non–HDL-C levels was more no-
ticeable in patients with DM. Finally, there was no
significant adverse event according to adding 4 g/d of
ω-3 fatty acids on rosuvastatin.

The most important treatment in patients with
dyslipidemia is statins, which mainly lowers LDL-C
89
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Figure 4. Subgroup analyses in percentage changes of non–HDL-C levels after 8 weeks. rosuvastatin 20 mg/d
plus ω-3 fatty acids 4 g/d (ROSUMEGA) found a greater lowering effect on non–HDL-C than
rosuvastatin alone in subgroups of patients with diabetes mellitus (DM), patients without chronic
kidney disease (CKD), female patients, and elderly patients.
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levels. However, statins do not control TG levels
effectively. TG levels are classified as normal (o150
mg/dL), borderline (150-199 mg/dL), high (200-499
mg/dL), and very high (≥500 mg/dL), and hyper-
glyceridemia is defined as TG levels ≥200 mg/dL,
generally. According to Third National Health and
Nutrition Examination Survey (NHANES III) in the
United States, 35% of men and 25% of women have
hypertriglyceridemia (TG ≥150 mg/dL).13 In Korea,
the prevalence of hypertriglyceridemia was 38% in
men and 20% in women.14 In patients with DM,
the prevalence of hypertriglyceridemia increases,
reaching 49%.14 Hypertriglyceridemia is also
known as an independent risk factor associated with
cardiovascular event.2–4 TG is a major component of
TG-rich lipoproteins, including VLDL-C and
chylomicrons. A recent study suggested that TG is
also an independent risk factor for ischemic heart
disease.15 Even non–HDL-C levels were claimed to be
90
a better predictor of cardiovascular risk than
LDL-C.16 Considering the high prevalence of
hypertriglyceridemia and subsequent independent
risk for cardiovascular event, TG should also be
actively considered in the treatment of dyslipidemia.

Metabolic consequences of hypertriglyceridemia
are not well established yet. However, increased TG-
rich lipoproteins, a result of hypertriglyceridemia,
directly influence composition and metabolism of
lipoproteins, making smaller and dense HDL-C and
LDL-C particles.17 This disadvantageously affects
cardiovascular disease because hypertriglyceridemic
HDL-C (small, dense HDL-C) loses its function to
deliver cholesteryl esters18 and small and dense
LDL-C is more susceptible to oxidative modification.19

In addition, TG-rich lipoproteins have atherogenic
effects by inducing macrophage dysfunction,
endothelial cell inflammation, and coagulation
abnormality.17
Volume 40 Number 1



Table III. Predictive model for reduction in TGs by ω-3 fatty acids.*

Variable Reduction of TGs, mg/dL (95% CI) P

Higher baseline TG level (by 10-mg/dL increment) 5.4 (2.8 to 8.0) o0.001
Lower BMI (by 1-kg/m2 decrement) 5.3 (0.2 to 10.4) 0.041
Non-DM (vs DM) 14.3 (−28.7 to 57.3) 0.510
Younger age (by 10-year decrement) 8.9 (−10.3 to 28.1) 0.360
CKD (vs non-CKD) 32.6 (−24.1 to 89.3) 0.256
Female (vs. male) 27.0 (−13.0 to 66.9) 0.183

BMI ¼ body mass index, CKD ¼ chronic kidney disease, DM ¼ diabetes mellitus, TG ¼ triglyceride.
⁎TG level reduction after adding ω-3 fatty acids compared with rosuvastatin treatment during the run-in period was
estimated by linear regression analysis. The coefficient of determination (R2) of the model was 21.3% (P ¼ 0.001).

C.H. Kim et al.
Treatment options for reducing TG levels include
ω-3 fatty acids, niacin, and fibrates. However, niacin
causes flushing, liver toxic effects, and myopathy and
has the risk to increase serum glucose, especially when
coadministered with a statin.20 Fibrates also has a risk
of myopathy and the potential to blunt the beneficial
effect of statins.21 Therefore, only ω-3 fatty acids are
available to use for reducing TG levels without
burdens of additional adverse effects.

Historically, ω-3 fatty acids suggested its benefit in
observational studies, reporting that intake of ω-3
fatty acid-enriched food reduced cardiovascular
risk.22 The TG-lowering mechanisms of ω-3 fatty
acids are direct inhibition of TG synthesis, reduction
of hepatic synthesis of VLDL-Apo B, stimulation of
fatty acid oxidation, and enhancing TG clearance with
increased plasma lipolytic activity.23 Currently used
Table IV. Predictive model for reduction in non–HDL-C

Variable R

Higher baseline non–HDL-C (by 10-mg/dL increment)
Lower BMI (by 1-kg/m2 decrement)
DM (vs non-DM)
Younger age (by 10-year decrement)
CKD (vs non-CKD)
Female (vs male)

BMI ¼ body mass index, CKD ¼ chronic kidney disease, DM ¼
⁎Non–HDL-C level reduction after adding ω-3 fatty acids compar
estimated by linear regression analysis. The coefficient of deter
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concentrated forms of ω-3 fatty acids include
eicosapentaenoic acid and docosahexaenoic acid,
which have similar TG reduction ranges to each
other (eicosapentaenoic acid: þ1.8% to −34.9%;
docosahexaenoic acid: −8.0% to −43.7%).24 TG-
lowering effects of ω-3 fatty acids are dependent on
baseline TG levels. The higher the baseline TG level,
the greater the TG-lowering effect of ω-3 fatty acids.
In previous randomized controlled trials, 2 and 4 g/d
of ω-3 fatty acids had a reduction of TG levels of 20%
to 26% and 31% to 33%, respectively, in patients
with severe hyperglyceridemia of TG levels ≥500
mg/dL.25,26 In case of hyperglyceridemia with a TG
level o500 mg/dL, several studies have compared a
combination of ω-3 fatty acids and statin with statin
alone. A combination of ω-3 fatty acids 4 mg/d with
simvastatin 40 mg/d for 8 weeks produced a greater
by ω-3 fatty acids.*

eduction of Non–HDL-C, mg/dL (95% CI) P

5.7 (3.8 to 7.7) o0.001
1.6 (0.3 to 2.9) 0.015

14.3 (3.2 to 25.5) 0.012
1.3 (−3.6 to 6.2) 0.597
7.0 (−7.4 to 21.5) 0.337
5.1 (−5.1 to 15.3) 0.322

diabetes mellitus.
ed with rosuvastatin treatment during the run-in period was
mination (R2) of the model was 33.5% (P o 0.001).
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reduction in TG levels by 30% and non–HDL-C levels
by 9%, whereas simvastatin alone reduces TG levels
by 6% and non–HDL-C levels by 2%.8 In another
randomized study, ω-3 fatty acids 4 g/d combined
with several kinds of statins also reduced TG levels by
a greater amount than statin alone (18% vs 6%).27 In
our study, the percentage changes from baseline TG
and non–HDL-C were significantly greater in the
ROSUMEGA group than in the rosuvastatin group
(TG: −26.3% vs −11.4%, P o 0.001; non–HDL-C:
−10.7% vs −2.2%, P ¼ 0.001), which are consistent
with the results of previous studies. These results
suggest that ω-3 fatty acids have definitely additive
and complementary effects on TG and non–HDL-C
control with different mechanisms. As in our study,
LDL-C levels were mildly increased in previous
studies of ω-3 fatty acids. ω-3 fatty acids reduce
VLDL-C secretion from liver; as a result, the level
of LDL-C is slightly increased by the process of
converting VLDL-C to LDL-C.28 Although LDL-C
increases, it is less harmful because the larger and
less atherosclerotic LDL-C subcomponent mainly
increases.23

In subgroup analyses, we can notice that additive
TG-lowering effects of ω-3 fatty acids are observed
regardless of DM, CKD, sex, and age. Therefore, ω-3
fatty acids can be applied to any clinical setting of
hypertriglyceridemia. However, in terms of non–
HDL-C, a combination of ω-3 fatty acids with
rosuvastatin had different effects in each subgroup
compared with rosuvastatin alone. There was a
more prominent non–HDL-C–lowering effect of
ROSUMEGA in patients with DM, normal renal
function, female, and older age. In addition, further
TG and non–HDL-C–lowering effects of ω-3 fatty
acids in DM were observed regardless of insulin
dependency.

In multiple linear regression analyses, the effect of
ω-3 fatty acids on TG reduction was greater with
higher baseline TG levels and lower BMI. Similarly, in
non–HDL-C, the higher the baseline non–HDL-C
level and the lower the BMI, the greater the non–
HDL-C reduction. Previous studies have found that
the higher the baseline lipid level, the greater the
reduction in ω-3 fatty acids.29 In addition, our results
suggest that lowering weight and maintaining
adequate BMI may be helpful in controlling TG and
non–HDL-C levels. Interestingly, the effect of ω-3
fatty acids in lowering non–HDL-C levels is greater
92
in patients with DM, although TG reduction is
not affected by the presence of DM. Non–HDL-C
is a more inclusive measure of all atherogenic
Apo B–containing lipoproteins: VLDL-C, IDL-C,
chylomicron remnants, lipoprotein A, and LDL-C.30

Non–HDL-C is known to be particularly elevated in
patients with DM31 and serves as a strong predictor of
cardiovascular disease in patients with DM.32

Therefore, our results, which report the obvious
non–HDL-C–reducing effect of ROSUMEGA in
patients with DM, emphasize that the addition of
ω-3 fatty acids should be considered in patients with
DM.

Rosuvastatin has proven to be more potent than
any other statins in many randomized controlled
trials.33–35 However, the combination of rosuvastatin
and ω-3 fatty acids has not been previously studied.
Our study was the first to examine the effect of adding
ω-3 fatty acids to rosuvastatin and proved an additive
effect of adding ω-3 fatty acids to rosuvastatin on
reducing TG levels, without any significant adverse
event.

However, the present study has several limitations.
First, the duration of treatment was short. Additional
long-term studies on the efficacy and tolerability of
ω-3 fatty acids are needed. It is also necessary to study
whether the reduction in TG levels using ω-3
fatty acids is preventing cardiovascular events.
Nevertheless, this study proved that even short-term
treatment with ω-3 fatty acids effectively reduced
TG and non–HDL-C levels. Second, the study pop-
ulation was exclusively middle-aged Asians, which
limits the generalizability of the results. Third, there
were age differences in baseline characteristics be-
tween the ROSUMEGA and rosuvastatin groups.
However, in the subgroup analysis, ROSUMEGA
had a tendency to lower TG and non–HDL-C levels
more than rosuvastatin regardless of age group.
In addition, age was not a significant indepen-
dent variable in multiple linear regression analyses
of the ROSUMEGA effect, so the age difference
between the 2 study groups was determined to be
acceptable.
CONCLUSIONS
In patients with residual hypertriglyceridemia despite
statin treatment, a combination of ω-3 fatty acids and
rosuvastatin decreases TG and non–HDL-C levels to a
Volume 40 Number 1
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greater extent than rosuvastatin alone. Further study
is needed to determine whether the advantages of this
lipid profile of ω-3 fatty acids actually leads to the
prevention of cardiovascular event.
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