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Abstract
Combination therapy for the treatment of dyslipidemia and reduction of cardiovascular risk has
been demonstrated to beneficially modify the lipid profile in multiple randomized clinical trials.
As reported in the updated National Cholesterol Education Program Adult Treatment Panel III
guidelines, low-density lipoprotein (LDL) cholesterol remains the primary treatment target,
although the comprehensive management of dyslipidemia in high-risk patients includes the
modification of secondary lipid parameters such as triglycerides, high-density lipoprotein
cholesterol, and non–high-density lipoprotein cholesterol. Although statin therapy is the standard
intervention for lowering LDL cholesterol, combination therapy has demonstrated added benefits
on secondary lipid parameters and enhances statin-mediated reductions in LDL cholesterol. The
benefits of modifying these secondary targets on all-cause or cardiovascular event–related
mortality are currently under investigation in several clinical trials. Prescription omega-3 fatty acid
(Lovaza) is a formulation of 2 highly purified omega-3-acid ethyl esters, eicosapentaenoic acid
and docosahexaenoic acid. The recently completed Combination of Prescription Omega-3 With
Simvastatin (COMBOS) study confirmed that prescription omega-3 fatty acid administered in
combination with simvastatin achieves statistically significant improvements across a range of
lipid indicators beyond the LDL primary target, including triglycerides, non–high-density
lipoprotein cholesterol, and lipoprotein particle size. In conclusion, several classes of drugs,
including omega-3 fatty acids, can be used in combination with statins to achieve more global
improvements in lipid profiles.

On the basis of large outcome trials with statins, the National Cholesterol Education
Program (NCEP) Adult Treatment Panel (ATP) III guidelines recommend reducing low-
density lipoprotein (LDL) cholesterol to a goal of 100 mg/dl in high-risk patients and 70 mg/
dl in very high risk patients.1–6 Clinical experiences confirm that a substantial proportion of
patients do not achieve target LDL cholesterol levels with initial statin monotherapy.7,8

Recent ATP III guidelines acknowledged the importance of secondary targets for therapy in
dyslipidemic patients.1 The level of non–high-density lipoprotein (HDL) cholesterol
(calculated by subtracting HDL cholesterol from total cholesterol) is an indicator of future
cardiovascular events,9–11 and in patients with hypertriglyceridemia, lowering non-HDL
cholesterol and triglycerides may further reduce cardiovascular risk.1 The Pravastatin or
Atorvastatin Evaluation and Infection Therapy–Thrombolysis In Myocardial Infarction
(PROVE IT–TIMI 22) trial recently showed that an on-treatment triglyceride level <150 mg/
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dl was independently associated with a significant reduction in risk for recurrent coronary
artery disease events, including recurrent acute coronary syndromes, myocardial infarction,
and death.12

High-risk patients with combined dyslipidemia represent a major treatment dilemma
because they are often statin-treated individuals who may or may not have attained ATP III
threshold goals for LDL cholesterol, yet they remain at high risk for future cardiovascular
events because of persistent hypertriglyceridemia and elevated non-HDL cholesterol levels.
In the NCEP Evaluation Project Utilizing Novel E-Technology (NEPTUNE) II survey, the
percentages of patients with high triglycerides (>200 mg/dl) who reached LDL cholesterol
and non-HDL cholesterol ATP III treatment goals were 64%, 52%, and 27%, respectively,
for groups with 0 or 1 risk factor, ≥2 risk factors, or coronary artery disease.13 Thus, the
addition of a second or third agent is an important therapeutic consideration for these
patients. In this review, we discuss the rationale, clinical experience, and safety of omega-3
fatty acid (OM3-FA) and statin combination therapy as a therapeutic option for managing
mixed dyslipidemia.

Statin Combination with Colesevelam, Ezetimibe, Niacin, or Fibrate
Statin combination therapy is often necessary for reaching the more aggressive LDL
cholesterol and secondary (HDL cholesterol, non-HDL cholesterol, and triglyceride) goals
recommended as treatment targets for high-risk patients with combined or mixed
hyperlipidemia.1,14 Depending on a patient’s specific hyperlipidemic profile and
sensitivities, combination therapies may include a bile acid sequestrant, ezetimibe, niacin,
fibrates, or OM3-FAs in addition to statin treatment. What follows is a brief review of
agents most frequently used for combination therapy with statins.

Colesevelam, a nonabsorbed hydrogel, is a second-generation bile acid–binding resin that
has higher affinity and greater specificity for bile acids than cholestyramine or colestipol.
Colesevelam can further significantly reduce LDL cholesterol levels when used in
combination with a statin (10% to 25%). Treatment with colesevelam is well tolerated and
associated with no significant adverse events.15 Combinations of ezetimibe and a statin have
additive effects on LDL cholesterol reduction, with a 7% to 20% further decrease over
statins alone.16 This is an effective drug combination for patients who cannot tolerate higher
statin doses, with the most common side effects being nausea and transaminase elevations.
16,17 In general, neither colesevelam nor ezetimibe has significant effects on triglycerides
or HDL cholesterol.

In combination with statin, niacin further reduces LDL cholesterol (10% to 20%), non-HDL
cholesterol, and triglycerides (10% to 30%) and increases HDL cholesterol (20% to 40%).
However, many patients have difficulty tolerating niacin because of relatively benign but
trouble-some adverse events, namely, flushing. Flushing persists, although less frequently,
even with some of the newer extended-release formulations. Doses >2,000 mg/day in
combination with a statin should be avoided because of the potential for myopathy.14,18,19

Fibrate-statin combinations produce significant additional decreases in triglycerides (30% to
50%) and increases in HDL cholesterol (10% to 20%) in comparison with statin
monotherapy.14,20 Patients should be closely monitored for myopathy when given fibrates
and statins in combination. However, the addition of fenofibrate to statin therapy does not
appear to increase myopathy significantly, possibly because fenofibrate does not increase
blood levels of statins.21
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Omega-3 Fatty Acids in the Treatment of Dyslipidemia
OM3-FAs, including eicosapentaenoic acid and docosahexaenoic acid, are typically found in
fish oil.22 OM3-FAs exert a dose-dependent decrease on serum triglycerides that is most
apparent in subjects with greater baseline triglyceride levels. Observational and clinical trial
data suggest OM3-FA can reduce the risk for coronary artery disease–related death,23,24
reduce nonfatal coronary events,25 and suppress cardiac arrhythmias.26 In a meta-analysis
of OM3-FAs as supplements or dietary components, there was a significant reduction in
triglycerides of −27 mg/dl (95% confidence interval −33 to −20), a significant increase in
HDL cholesterol of 2 mg/dl (95% confidence interval 1 to 2), and a significant increase of in
LDL cholesterol 6 mg/dl (95% confidence interval 3 to 8) (Figure 1).27 Clinical experience
with OM3-FA suggests that it is well tolerated, with few adverse effects other than taste
perversion and eructation. Treatment has not been associated with hyperglycemia,
rhabdomyolysis, hepatic or renal impairment, or bleeding disorders, and no safety concerns
requiring special patient surveillance have been identified.28 Several studies have
demonstrated the safety and efficacy of a statin plus OM3-FA.

After an initial study period of 6 weeks comparing pravastatin 40 mg/day with fish oil 6 g/
day or placebo, subjects from the placebo group were administered pravastatin and fish oil
for 12 weeks. Aside from nausea, no treatment-related adverse events were reported, and the
combination reduced the concentration of very low density lipoprotein (VLDL) cholesterol
and intermediate-density lipoprotein cholesterol by 35% and the total cholesterol/
triglycerides ratio in VLDL cholesterol by 25%.29

In a study looking at the dose-dependent effects of docosahexaenoic acid supplementation in
45 statin-treated subjects with hyperlipidemia taking either 4 or 8 g/day of tuna oil or olive
oil (placebo), a dose-dependent 27% reduction in triglycerides was observed with 8 g/day
docosahexaenoic acid–rich fish oil by 3 months; this change was sustained at 6 months.
Total cholesterol reductions were correlated with initial cholesterol levels, and fish oil
tended to lower cholesterol and apolipoprotein B levels within VLDL cholesterol.30

The Japan Eicosapentaenoic Acid Lipid Intervention Study (JELIS) was designed to study
the effects of eicosapentaenoic acid on major coronary events in patients with
hypercholesterolemia.25 A total of 18,645 patients were randomized to receive either 1,800
mg of eicosapentaenoic acid plus statin or statin alone. LDL cholesterol was reduced by
25% in the 2 groups. Triglyceride levels were unchanged during the trial. This study
reported a 19% relative reduction in the primary end point of major coronary events.
Unstable angina and nonfatal coronary events were also reduced in the eicosapentaenoic
acid study group. Although this trial showed a reduction in coronary events, it was not
designed as a double-blind study. To date, this is the only study to show a significant
reduction in coronary events from combination treatment with OM3-FA or prescription
OM3-FA (P-OM3) and a statin.

Statin Plus Prescription Omega-3 Fatty Acid Combination Studies
OM3-FAs have been highly purified in a prescription formulation (Lovaza;
GlaxoSmithKline, Beecham, North Carolina), which contains 465 mg eicosapentaenoic acid,
375 mg docosahexaenoic acid, and 6 IU vitamin E in each 1-g capsule. (Reliant
Pharmaceuticals, Liberty Corner, New Jersey, a subsidiary of GlaxoSmithKline, has
changed the name of Omacor [omega-3-acid ethyl esters] to Lovaza at the request of the
United States Food and Drug Administration in response to a limited number of reports of
prescribing and dispensing errors31 due to similarities in name between Omacor and Amicar
[aminocaproic acid; Xanodyne Pharmaceuticals, Florence, Kentucky]. The name change is
intended to minimize the potential for such errors in the future. The prescribing information
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has been updated to reflect the new name, and new clinical data have been added to the
label.) P-OM3 is the most highly purified form of OM3-FA and is the only formulation
currently approved by the United States Food and Drug Administration for patients with
hypertriglyceridemia (triglycerides >500 mg/dl). The results of clinical trials on the
combination of P-OM3 and a statin, including the recent Combination of Prescription
Omega-3 With Simvastatin (COMBOS) trial that looked specifically at patients with
hypertriglyceridemia, and in which non-HDL cholesterol was the primary end point, are
discussed later.

When simvastatin (20 mg/day) was administered as monotherapy, as well as in combination
with P-OM3 (4 g/day) in 41 combined patients with dyslipidemia, the addition of P-OM3
was associated with significant reductions in serum triglyceride (p = 0.007) and
apolipoprotein E (p = 0.035) levels and a borderline significant decrease in total cholesterol
(p = 0.052) concentration over the course of a 5-week treatment interval.32 The P-OM3–
mediated decrease in triglycerides and total cholesterol was observed without an undesirable
increase in LDL cholesterol in this study, presumably because of the concurrent inhibition of
cholesterol synthesis by simvastatin.

In that same study population,33 supplementation with P-OM3 reduced fasting levels of
tissue factor pathway inhibitor antigen (p <0.05), the degree of postprandial hyperlipidemia
(p <0.005), and the concentration of activated factor VII during postprandial hyperlipidemia.
These findings indicated that combination therapy involving simvastatin and high doses of
P-OM3 may reduce the thrombotic potential in patients with combined hyperlipidemia and
at the same time reduce the concentration of atherogenic lipoproteins.

The efficacy, safety, and tolerability of P-OM3 (4 g/day) administered for ≥1 year to high-
risk patients as an adjunct to preexisting simvastatin therapy (10 to 40 mg/day) were
evaluated in a randomized, placebo-controlled study enrolling 59 patients with established
coronary artery disease.34 All patients had serum triglycerides >200 mg/dl at entry.
Participants were randomly assigned to P-OM3 (2 g twice daily) or placebo for 24 weeks in
a double-blind initial phase, with 46 subjects continuing active treatment for an additional
24 weeks in a subsequent open phase. Patients receiving P-OM3 and simvastatin
demonstrated a sustained, significant 20% to 30% decrease in serum triglycerides (p <0.005)
and a significant 30% to 40% decrease in VLDL cholesterol (p <0.005) compared with those
receiving simvastatin alone. Treatment effects were statistically significant by 12 weeks and
were sustained for the full 12-month duration of the trial. P-OM3 therapy exerted no
undesirable effects on LDL cholesterol and no adverse effects on glycemic control in
patients with diabetes.34

Atorvastatin and P-OM3 were found to exert independent, synergistic improvements in
serum lipid profiles in middle-aged, viscerally obese men (mean body mass index 34 ± 0.6
kg/m2) with dyslipidemia and insulin resistance.35 Treatment combinations were specified
in accord with a 2 × 2 matrix to allow for the identification of treatment effects associated
with the various medications alone, in combination, and compared with placebo. In this 6-
week, randomized, placebo-controlled intervention study, the combination of atorvastatin
(40 mg/day) and P-OM3 (4 g/day) achieved significant treatment effects across a range of
lipid parameters, with each component contributing clearly different benefits. Atorvastatin
significantly decreased triglycerides (−34 ± 1.8 mg/dl, p = 0.002), total cholesterol (−73 ±
6.6 mg/dl, p = 0.001), LDL cholesterol (−69 ± 5.4 mg/dl, p = 0.001), remnant-like particle
cholesterol (−3.1 ± 1.5 mg/dl, p = 0.035), apolipoprotein B (−49 ± 4 mg/dl, p = 0.001), and
apolipoprotein C-III (−13 ± 6.1 mg/L, p = 0.044) and significantly increased HDL
cholesterol (3.9 ± 1.6 mg/dl, p = 0.007). P-OM3 supplementation significantly reduced
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triglycerides (−34 ± 9.8 mg/dl, p = 0.002) and was associated with significant increases in
HDL cholesterol (2.7 ± 1.6 mg/dl, p = 0.041).35

The COMBOS trial evaluated the efficacy of P-OM3 added to stable statin therapy in
subjects with persistent hypertriglyceridemia. Importantly, this was the largest trial to
specifically investigate the effect of P-OM3 supplementation on levels of non-HDL
cholesterol. Investigators at multiple sites enrolled 254 adults, all of whom had been
receiving statin treatment for ≥8 weeks, with fasting triglyceride levels of 200 to 499 mg/dl
and LDL cholesterol fractions ≤10% within their NCEP ATP III goal.36 All participants
received simvastatin 40 mg without dosage modification for the duration of the study. The
primary outcome variable was the percentage change from baseline to the end of treatment
in non-HDL cholesterol. Secondary outcome variables included, but were not limited to,
percentage changes from baseline to the end of treatment in the levels of triglycerides,
VLDL cholesterol, LDL cholesterol, and HDL cholesterol.36

Non-HDL cholesterol was significantly lower after treatment with P-OM3 plus simvastatin
compared with treatment with placebo plus simvastatin (−9.0% vs −2.2%, respectively). In
subjects treated with P-OM3 who had increased non-HDL cholesterol levels at baseline,
>50% were able to attain non-HDL cholesterol goals by the end of treatment, nearly twice
the rate of those attaining treatment goals among placebo-treated subjects.36 P-OM3 therapy
in combination with simvastatin was associated with substantial reductions in triglycerides,
achieving a median decrease of 30% in comparison with a median decrease of 6.3% in the
group receiving placebo and simvastatin. Median decreases in VLDL cholesterol were
significantly greater with treatment with P-OM3 and simvastatin compared with placebo and
simvastatin (28% and 7.2%, respectively). LDL cholesterol increased by a median of 0.7%
with P-OM3 and simvastatin, insignificantly different from a median decrease of 2.8%
documented for placebo and simvastatin. HDL cholesterol increased by a median of 3.4%
with P-OM3 and simvastatin, in contrast to a median decrease of 1.2% in subjects receiving
simvastatin monotherapy (Table 1). No significant differences in adverse events were
reported.

Summary
The use of multiple agents is commonplace and readily accepted for the management of
hypertension and diabetes, but the prevalence of combination treatment for dyslipidemia, an
enormous and expanding health care problem, has not substantially changed from more than
a decade ago.9 It remains an underused clinical strategy despite expert consensus on its
efficacy and tolerability.

There are no current data from a randomized, double-blind trial that support the addition of
any OM3-FA to statin therapy for reducing future cardiovascular events. Although the large
JELIS trial showed a significant reduction in cardiovascular events in patients receiving
combination therapy with OM3-FA and a statin, that study was not double blinded.25 The
addition of OM3-FA, specifically P-OM3, is approved and recommended for reducing
triglycerides in patients with hypertriglyceridemia (triglycerides >500 mg/dl). In addition,
accumulating clinical trial data suggest that P-OM3 significantly reduces non-HDL
cholesterol, a recognized and possibly more important predictor of future cardiovascular
events than LDL cholesterol alone.11,37

The most recent ATP III guidelines included non-HDL cholesterol as a secondary target in
the management of dyslipidemia in patients with high triglycerides. The COMBOS trial
confirmed that P-OM3 administered in a combination statin regimen significantly lowered
serum triglycerides across a range of non-HDL cholesterol lipid parameters.36 This
combination represents a therapeutic option for these patients in whom NCEP ATP III goals
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are unachievable with monotherapy and/or other combination strategies. With a low
incidence of adverse events, combination therapy with P-OM3 and a statin warrants
consideration as a therapy for patients with combined dyslipidemia and persistent
hypertriglyceridemia.
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Figure 1.
Meta-analysis of randomized controlled trials of the effect of OM3-FAs on lipid values.
Studies are arranged by OM3-FA dose (grams per day). The point estimates of the net
changes (change in OM3-FA arm minus change in control arm) and the corresponding 95%
confidence intervals for individual studies are indicated by circles and bars. The random-
effects model summary results are indicated by squares and bars near the bottom. Black
circles indicate that data came from text or tables; open circles indicate that data were
estimated from graphs; thick solid 95% confidence interval indicates that the SE of the net
change was reported; thin solid 95% confidence interval indicates that the SE of net change
was estimated from either baseline and final SEs or SEs of cohort changes; dashed 95%
confidence interval indicates that the SE of net change was estimated from other sources.
Quality: A = Least bias; study mostly adheres to the commonly held concepts of good
quality, including formal randomized study, clear description of the population, setting,
interventions, and comparison groups; appropriate measurement of outcomes; appropriate
statistical and analytic methods and reporting; no reporting errors; <20% dropout; clear
reporting of dropouts; and no obvious bias. B = Susceptible to some bias; study has some
deficiencies but none likely to cause major bias or may be missing information making
assessment of the limitations and potential problems difficult. C = Significant bias; study has
serious errors in design, analysis, or reporting or may have large amount of missing
information or discrepancies in reporting. Applicability: I = Sample is representative of the
population of interest; sufficiently large to cover both genders, a wide age range, and other
important features of the target population, including baseline dietary intake broadly similar
to that of the United States population. II = Sample is representative of a relevant subgroup
of the target population, but not the entire population. III = Sample is representative of a
narrow subgroup of subjects only and not well applicable to other subgroups. *N = 119 for
HDL cholesterol (HDL-C) and n = 75 for total cholesterol. †Initial dose given for 2 to 3
months, followed by lower dose for remainder of study. D = docosahexaenoic acid; E =
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eicosapentaenoic acid; ED = E + D; F = fish oil; LDL-C = LDL cholesterol. Reprinted with
permission from Atherosclerosis.27

Barter and Ginsberg Page 10

Am J Cardiol. Author manuscript; available in PMC 2010 August 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barter and Ginsberg Page 11

Ta
bl

e 
1

Li
pi

d 
an

d 
lip

op
ro

te
in

 re
su

lts

V
ar

ia
bl

e

Si
m

va
st

at
in

 P
lu

s P
la

ce
bo

 (n
 =

 1
32

)
Si

m
va

st
at

in
 P

lu
s P

-O
M

3 
(n

 =
 1

22
)

p 
V

al
ue

(B
et

w
ee

n-
G

ro
up

%
 C

ha
ng

e)
B

as
el

in
e

E
nd

 o
f T

re
at

m
en

t
%

 C
ha

ng
e

B
as

el
in

e
E

nd
 o

f T
re

at
m

en
t

%
 C

ha
ng

e

M
ea

n 
± 

SD
M

ed
ia

n
M

ea
n 

± 
SD

M
ed

ia
n

M
ea

n 
± 

SD
M

ed
ia

n
M

ea
n 

± 
SD

M
ed

ia
n

M
ea

n 
± 

SD
M

ed
ia

n
M

ea
n 

± 
SD

M
ed

ia
n

N
on

-H
D

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
14

1 
± 

29
14

1
13

9 
± 

32
13

4
−
1.

5 
± 

11
−
2.

2
13

6 
± 

25
13

7
12

4 
± 

25
12

3
−
7.

9 
± 

14
−
9.

0
<0

.0
00

1

TG
 (m

g/
dl

)
28

7 
± 

78
27

1
27

6 
± 

99
26

0
−
3.

5 
± 

22
−
6.

3
28

2 
± 

76
26

8
20

2 
± 

77
18

2
−
28

 ±
 1

9
−
30

<0
.0

00
1

V
LD

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
53

 ±
 1

0
52

50
 ±

 1
2

49
−
4.

8 
± 

17
−
7.

2
52

 ±
 1

1
52

40
 ±

 1
3

37
−
24

 ±
 2

7
−
28

<0
.0

00
1

LD
L 

ch
ol

es
te

ro
l (

m
g/

dl
)

92
 ±

 2
3

88
90

 ±
 2

4
85

−
1.

9 
± 

12
−
2.

8
89

 ±
 2

2
91

90
 ±

 2
0

88
3.

4 
± 

19
0.

7
0.

05
22

H
D

L 
ch

ol
es

te
ro

l (
m

g/
dl

)
45

 ±
 9

.3
43

44
 ±

 8
.8

44
−
1.

1 
± 

9.
0

−
1.

2
47

 ±
 1

2
46

49
 ±

 1
3

48
4.

1 
± 

9.
3

3.
4

<0
.0

00
1

TC
 (m

g/
dl

)
18

6 
± 

32
18

4
18

3 
± 

35
17

8
−
1.

5 
± 

9.
2

−
1.

7
18

3 
± 

28
18

4
17

3 
± 

25
17

2
−
4.

7 
± 

11
−
4.

8
0.

00
13

TC
/H

D
L 

ch
ol

es
te

ro
l r

at
io

4.
3 

± 
0.

8
4.

2
4.

3 
± 

0.
9

4.
1

0.
1 

± 
9.

6
−
0.

7
4.

0 
± 

0.
9

3.
9

3.
7 

± 
1.

0
3.

5
−
8.

0 
± 

11
−
9.

6
<0

.0
00

1

A
po

lip
op

ro
te

in
 B

 (m
g/

dl
)

87
 ±

 1
5

87
86

 ±
 1

7
85

−
1.

2 
± 

11
−
1.

9
85

 ±
 1

5
86

81
 ±

 1
5

80
−
3.

8 
± 

13
−
4.

2
0.

02
32

To
 c

on
ve

rt 
no

n-
H

D
L 

ch
ol

es
te

ro
l, 

V
LD

L 
ch

ol
es

te
ro

l, 
LD

L 
ch

ol
es

te
ro

l, 
H

D
L 

ch
ol

es
te

ro
l, 

an
d 

TC
 to

 m
ill

im
ol

es
 p

er
 li

te
r, 

m
ul

tip
ly

 b
y 

0.
02

59
. T

o 
co

nv
er

t T
G

 to
 m

ill
im

ol
es

 p
er

 li
te

r, 
m

ul
tip

ly
 b

y 
0.

01
13

. T
o

co
nv

er
t a

po
lip

op
ro

te
in

 B
 to

 g
ra

m
s p

er
 li

te
r, 

m
ul

tip
ly

 b
y 

0.
01

. A
ll 

da
ta

 p
oi

nt
s ≥

10
 a

re
 ro

un
de

d 
to

 th
e 

ne
ar

es
t o

ne
s d

ig
it.

 p
 >

0.
05

 fo
r b

et
w

ee
n-

gr
ou

p 
co

m
pa

ris
on

s i
n 

al
l b

as
el

in
e 

va
lu

es
, e

xc
ep

t f
or

 T
C

/H
D

L
ch

ol
es

te
ro

l r
at

io
 (p

 =
 0

.0
12

).

TC
 =

 to
ta

l c
ho

le
st

er
ol

; T
G

 =
 tr

ig
ly

ce
rid

e.

Am J Cardiol. Author manuscript; available in PMC 2010 August 4.


