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Abstract

Management of residual and persistent cardiovascular disease (CVD) risk among statin-treated individuals has
emerged as an important preventive strategy. The purpose of this article is to review the unique landscape of
CVD in women and relevant prior prevention trials, and to discuss how the recent results of the Reduction of
Cardiovascular Events with Icosapent Ethyl–Intervention Trial (REDUCE-IT) might apply to the contemporary
management of CVD risk among statin-treated women. Women have unique risk factors that may impact CVD
and its prevention. Historically, women have been underrepresented in CVD trials, posing a challenge to
development of clinical recommendations for women. Low-density lipoprotein cholesterol-targeting treatments
have demonstrated CVD risk reduction, with comparable effects in both sexes. In contrast, triglyceride-
lowering treatments (niacin, fenofibrate, and omega-3 fatty acids) have reported mixed findings for CVD risk
reduction. Recent clinical trials of combination omega-3 fatty acids (docosahexaenoic acid/eicosapentaenoic
acid [EPA]) have not found significant CVD risk reduction. The recently published REDUCE-IT study found
that icosapent ethyl, an EPA-only omega-3 fatty acid, in combination with statins, significantly reduced CVD
events in high-risk patients. The icosapent ethyl group had a significantly lower occurrence of the primary
composite CVD endpoint (17.2%) than the placebo group (22.0%; hazard ratio 0.75; 95% confidence interval
0.68–0.83; p < 0.001). CVD risk reduction with icosapent ethyl treatment was comparable between women and
men ( p for interaction, 0.33). Data from REDUCE-IT suggest women benefit similarly to men with respect to
icosapent ethyl, a novel therapy for prevention of CVD.
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Introduction

Despite considerable progress in reducing the risk of
cardiovascular disease (CVD) with evidence-based

therapies such as statins, CVD remains the leading cause of
death among women, with substantial human and economic
toll.1 The fact that sex-based differences in biology can im-
pact health and disease has been recognized2; however, his-
torically, women have been underrepresented in CVD trials,
which has led to challenges in development of clinical
guidelines to reduce CVD risk in women.3,4

Addressing residual CVD risk among statin-treated indi-
viduals who have controlled levels of low-density lipoprotein

cholesterol (LDL-C) has broadly been recognized as an im-
portant clinical strategy. However, studies targeting lipids
beyond LDL-C, such as triglycerides (TG), using fibrates,
niacin, or combination omega-3 fatty acids (eicosapentaenoic
acid [EPA] and docosahexaenoic acid [DHA]), have yielded
disappointing or inconsistent results; some have failed to
show clinical benefit in combination with a statin overall,5–8

and one even suggested potential harm among women.6

Recently, addition of an omega-3 fatty acid (EPA; icosa-
pent ethyl) to statins in high-risk individuals demonstrated
reductions in major CVD events in the Reduction of Cardi-
ovascular Events with Icosapent Ethyl–Intervention Trial
(REDUCE-IT).9 While these findings are promising, it is
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important to examine the efficacy and safety of icosapent
ethyl in women, and to place results in the context of other
therapies proven to prevent CVD events. The purpose of this
article is to review the unique experiences of CVD in women
and relevant prior CVD trials in women, and to discuss how
the results of REDUCE-IT might apply to the contemporary
management of residual CVD risk in women.

CVD Experience in Women

Despite substantial reductions in CVD death over the past
40 years, there has been a concerning upward trend in mor-
tality over the most recent decade (Fig. 1).1 While rates of
decline in CVD mortality have diminished in recent decades
for both men and women <55 years of age, the rates of decline
have been consistently lower for women than for men.1

Recent trends in CVD death may be related, in part, to the
rise in diabetes, with the overall prevalence of diagnosed
diabetes mellitus having increased from 5.0% in 1999–2000
to 7.8% in 2009–2010.1 In women, the prevalence estimates
for diagnosed diabetes, undiagnosed diabetes, and predia-
betes are 8.9%, 2.8%, and 31.3%, respectively, based on The
National Health and Nutrition Examination Survey
(NHANES) 2013–2016 data.1 The relative risk of CVD in
patients with diabetes versus without diabetes is more pro-
nounced in women (risk ratio [RR] 3.57) than in men
(RR 1.93).10

The greater association between diabetes and CVD risk in
women compared with men may be due to the more delete-
rious effects of diabetes and lipids on blood pressure in
women11,12; the interplay between lipids and insulin resis-
tance may contribute to endothelial dysfunction, which has
the potential to impact hypertension and diabetes risk.13–17

Women develop CVD at an older age compared with men,
and factors such as diabetes and hypertriglyceridemia appear
to better predict the risk of CVD in women compared with
men.18,19 Women’s sex hormones may play a role in CVD
risk; before menopause, women have greater subcutaneous
adipose tissue and greater TG clearance, but this is reduced
postmenopause, and associated with increased TG and met-
abolic syndrome,20 which may both contribute to elevated
CVD risk.

Beyond lipids, a number of other uniquely important fac-
tors may have implications for CVD risk in women, including
psychosocial risk factors such as depression, poor sleep
quality, inadequate hours of sleep, complications of preg-
nancy, poor adherence, and fear of side effects.10,21–24 Risk
factors that cause stress, such as depression and post-
traumatic stress disorder, as well as social isolation and
greater family responsibilities, are more prevalent in women
than men, and have demonstrated robust associations with
CVD.10,25 Thus, while CVD risk management should focus
on areas where intervention has been proven to ameliorate
risk, it is important to consider the potential impact of psy-
chosocial risk factors on CVD risk and on adherence to
proven therapies.

Suboptimal preventive care in women

CVD risk may be underestimated in women, posing a
barrier to optimal preventive care. An American Heart As-
sociation (AHA) national survey of 500 physicians (primary
care physicians, obstetricians/gynecologists, and cardi-
ologists) found that the main driver of CVD prevention was
proper assessment of baseline risk; however, women, despite
similar calculated risk to men, were more likely to be as-
signed a lower risk category.26 The American College of
Cardiology (ACC)/AHA CVD risk calculator has been
shown to underperform in women (especially young women),
potentially causing patients and physicians to misjudge risk.27

Differences in the presentation and symptoms of CVD in
women compared with men18,19 may further contribute to a
misconception that women have a lower CVD risk. Even
though women have a recurrence rate of myocardial infarc-
tion (MI) that is three times greater than men,28 women with
acute coronary syndrome (ACS) or MI are less likely to un-
dergo revascularization, receive appropriate medication, or
receive cardiac rehabilitation than men.29–36

Underrepresentation in clinical trials

Historically, a major challenge in the management of CVD
risk in women has been the lack of data compared with men
owing to the lower enrollment rates for women in clinical
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trials. Many reasons underlie the underrepresentation of
women in CVD trials. Women tend to present with CVD on
average 10 years later than men,34 which may contribute to
exclusion from trials due to upper age limits3,37 as well as
exclusions due to pregnancy-related concerns for younger
women. Moreover, women may have logistical barriers to
participation due to lack of transportation and/or caregiving
responsibilities.37,38

In an effort to address the sex-based disparities in research
and clinical studies, the National Institutes of Health and the
Institute of Medicine published recommendations to promote
inclusion of women in clinical research and sex-/gender-
based subpopulation analyses, and to make sex-specific data
more readily available.2,39 Progress has been made, with re-
cent CVD trials showing a trend in enrolling larger numbers
of women.40 Critical evaluation of new and ongoing CVD
outcome studies, with attention to sex-based differences, and
the application of these findings to clinical practice may help
to guide CVD management in women.

Examining Sex-Based Differences in CVD Trials

Statin trials

Analyses of sex-based differences in statin CVD outcome
trials have generally found comparable outcomes between
women and men, although sample sizes are typically powered
to detect differences in treatment effect for the overall study
population and may be insufficient for identifying statistically
significant differences between sexes.38

The Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin ( JUPITER)
(N = 17,802; 38.2% women) is of interest, given the large
population of women.41 This trial studied rosuvastatin for
primary prevention of CVD events in women ‡60 years of
age and men ‡50 years of age with LDL-C <130 mg/dL.40

After 12 months, changes in LDL-C and TG were similar for
women and men. A significant reduction versus placebo in
the primary composite endpoint (MI, stroke, hospitalization
for unstable angina, arterial revascularization, or CVD death)
was reported for both men (hazard ratio [HR] 0.58; 95%
confidence interval [CI] 0.45–0.73; p < 0.001) and women
(HR 0.54; 95% CI 0.37–0.80; p = 0.002), with no significant
treatment-by-sex interaction ( p = 0.80).

A meta-analysis of 11 randomized, double-blind, placebo-
controlled CVD outcome trials of statins for secondary pre-
vention found that statins were effective for prevention of
CVD endpoints in women and men overall; stratification by
sex found that statins did not achieve significance versus
placebo for the endpoints of all-cause mortality and stroke in
women.42 A systematic review of primary prevention studies
supported that statins have benefits for primary prevention
even among low-risk groups such as women.43

The largest meta-analysis comparing statin outcomes by
sex (27 randomized clinical trials; N = 174,149; 26.8%
women) found that, although women had a lower CVD risk
than men, the proportional reduction in major vascular events
with statin treatment among women was comparable to the
reduction among men (adjusted p = 0.33 for heterogeneity).44

Statin effects were comparable for women and men with a
definite history of CVD (secondary prevention: adjusted
p = 0.431 for heterogeneity); however, the risk reduction
among individuals with no known history of CVD was

smaller in women (primary prevention: adjusted p = 0.02 for
heterogeneity). These data support that statins reduce major
vascular events comparably in women and men with equiv-
alent CVD risk.

Nonstatin treatments for lowering LDL-C

Add-on therapy to statins for further LDL-C reduction has
emerged as an effective strategy for addressing residual CVD
risk. The Improved Reduction of Outcomes: Vytorin Efficacy
International Trial (IMPROVE-IT) (N = 18,144; 24.3%
women) demonstrated that ezetimibe, in combination with
simvastatin, reduced the primary composite endpoint (CVD
death, nonfatal MI, rehospitalization for unstable angina, or
coronary revascularization) in patients >50 years of age, who
had been hospitalized within 10 days of randomization for
ACS.45,46 After 7 years of follow-up, the HR for the reduction
in CVD events for ezetimibe versus placebo was 0.88 (95%
CI 0.79–0.99) for women and 0.95 (95% CI 0.90–1.01) for
men, with no statistically significant difference between
sexes ( p = 0.26).

The Further Cardiovascular Outcomes Research with
PCSK9 Inhibition in Subjects with Elevated Risk (FOUR-
IER) study (N = 27,564; 24.6% women) demonstrated that
the PCSK9 inhibitor evolocumab, in combination with a
statin, significantly reduced the primary composite endpoint
(CVD death, MI, stroke, hospitalization for unstable angina,
or coronary revascularization) in patients 40 to 85 years of
age with clinically evident atherosclerotic CVD. A sex-based
subanalysis found that the HR for the relative risk reduction
in the primary endpoint was 0.81 (95% CI 0.69–0.95) for
women and 0.86 (95% CI 0.80–0.94) for men, with no dif-
ference between sexes ( p for heterogeneity was not signifi-
cant).47 These data suggest that the benefits of ezetimibe and
evolocumab as add-on therapy in statin-treated patients are
comparable between women and men.

Nonstatin treatments: beyond targeting LDL-C

Beyond LDL-C, TG has been a long-standing theoretical
therapeutic target for addressing residual CVD risk. How-
ever, high-profile trials of TG-lowering treatments have re-
ported inconsistent findings overall and/or with respect to
women (Table 1).5–9,48–54 Studies of the TG-lowering drug
fenofibrate yielded mixed results. The Fenofibrate Inter-
vention and Event Lowering in Diabetes (FIELD) study
(N = 9,795; 37.3% women) randomized patients with type 2
diabetes who were not using a statin to fenofibrate or pla-
cebo.5 Improvements with fenofibrate relative to placebo
were greater in women versus men for both LDL-C (9.8% vs.
3.3% at study end, p < 0.001) and total cholesterol (9.5% vs.
5.2%, p < 0.001); changes in high-density lipoprotein cho-
lesterol (HDL-C) and TG were similar for women and men.
In the overall population, there was no significant im-
provement in the primary composite endpoint (HR 0.89;
95% CI 0.75–1.05; p = 0.16). Although the p-value for the
interaction analysis was nonsignificant ( p = 0.3), in sub-
group analyses, total CVD events were reduced by 20% in
women (HR 0.8; 95% CI 0.64–0.99; p = 0.04) and nonsig-
nificantly by 8% in men (HR 0.92; 95% CI 0.81–1.05;
p = 0.2). Among patients who did not have CVD at study
entry, fenofibrate reduced the risk of total CVD events by

CARDIOVASCULAR RISK IN WOMEN: BEYOND STATINS 1093



T
a

b
l
e

1
.

S
u

m
m

a
r
y

o
f

R
e
s
u

l
t
s

F
r
o

m
S

e
l
e
c
t

C
a

r
d

i
o

v
a

s
c
u

l
a

r
O

u
t
c
o

m
e

T
r
i
a

l
s

T
ri

a
l

In
te

rv
en

ti
o
n

P
a
ti

en
t

p
o
p
u
la

ti
o
n

P
ri

m
a
ry

en
d
p
o
in

t
S
ex

-b
a
se

d
fi
n
d
in

g
s

fo
r

p
ri

m
a
ry

en
d
p
o
in

t
F

ib
ra

te
s

F
IE

L
D

5
,4

8
F

en
o
fi

b
ra

te
v
s.

p
la

ce
b
o

fo
r

p
ri

m
ar

y
p
re

v
en

ti
o
n

�
N

=
9
,7

9
5

�
n

=
3
,6

5
7

w
o
m

en
;

n
=

6
,1

3
8

m
en

�
5
0
–
7
5

y
ea

rs
o
f

ag
e

w
it

h
ty

p
e

2
d
ia

b
et

es
,

an
d

n
o
t

u
si

n
g

a
st

at
in

�
F

ir
st

o
cc

u
rr

en
ce

o
f

n
o
n
fa

ta
l

M
I

o
r

d
ea

th
fr

o
m

co
ro

n
ar

y
h
ea

rt
d
is

ea
se

�
P

ri
m

a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

H
R

0
.8

0
(9

5
%

C
I

0
.6

4
–
0
.9

9
;

p
=

0
.0

4
)

�
M

en
:

H
R

0
.9

2
(9

5
%

C
I

0
.8

1
–
1
.0

5
;

p
=

0
.2

)
�

p
=

0
.3

fo
r

d
if

fe
re

n
ce

b
y

se
x

A
C

C
O

R
D

6
F

en
o
fi

b
ra

te
+

st
at

in
v
s.

p
la

ce
b
o

+
st

at
in

�
N

=
5
,5

1
8

�
n

=
1
,6

9
4

w
o
m

en
;

n
=

3
,8

2
4

m
en

�
T

y
p
e

2
d
ia

b
et

es
�

4
0
–
7
9

y
ea

rs
o
f

ag
e

if
cl

in
ic

al
C

V
D

,
o
r

5
5
–
7
9

y
ea

rs
o
f

ag
e

if
su

b
cl

in
ic

al
C

V
D

o
r

‡2
ad

d
it

io
n
al

ri
sk

fa
ct

o
rs

�
F

ir
st

o
cc

u
rr

en
ce

o
f

m
aj

o
r

ca
rd

io
v
as

cu
la

r
ev

en
t,

in
cl

u
d
in

g
n
o
n
fa

ta
l

M
I,

n
o
n
fa

ta
l

st
ro

k
e,

o
r

d
ea

th
fr

o
m

ca
rd

io
v
as

cu
la

r
ca

u
se

s
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

ev
en

t
ra

te
9
.0

5
%

fe
n
o
fi

b
ra

te
v
s.

6
.6

4
%

p
la

ce
b
o

�
M

en
:

ev
en

t
ra

te
1
1
.1

8
%

fe
n
o
fi

b
ra

te
v
s.

1
3
.3

0
%

p
la

ce
b
o

�
p

=
0
.0

1
fo

r
d
if

fe
re

n
ce

b
y

se
x

N
ia

ci
n

A
IM

-H
IG

H
8

N
ia

ci
n

+
st

at
in

v
s.

p
la

ce
b
o

+
st

at
in

�
N

=
3
,4

1
4

�
n

=
5
0
4

w
o
m

en
;

n
=

2
,9

1
0

m
en

�
‡4

5
y
ea

rs
o
f

ag
e

w
it

h
es

ta
b
li

sh
ed

A
S

C
V

D
an

d
at

h
er

o
g
en

ic
d
y
sl

ip
id

em
ia

�
C

o
m

p
o
si

te
o
f

th
e

fi
rs

t
ev

en
t

o
f

d
ea

th
fr

o
m

co
ro

n
ar

y
h
ea

rt
d
is

ea
se

,
n
o
n
fa

ta
l

M
I,

is
ch

em
ic

st
ro

k
e,

h
o
sp

it
al

iz
at

io
n

(f
o
r

>2
3

h
o
u
rs

)
fo

r
an

A
C

S
,

o
r

sy
m

p
to

m
-

d
ri

v
en

co
ro

n
ar

y
o
r

ce
re

b
ra

l
re

v
as

cu
la

ri
za

ti
o
n

�
P

ri
m

a
ry

en
d

p
o
in

t
m

et
5

N
o

N
R

H
P

S
2
-

T
H

R
IV

E
4
9

N
ia

ci
n

+
la

ro
p
ip

ra
n
t

ad
d
ed

to
st

at
in

v
s.

p
la

ce
b
o

ad
d
ed

to
st

at
in

fo
r

se
co

n
d
ar

y
p
re

v
en

ti
o
n

�
N

=
2
5
,6

7
3

�
n

=
4
,4

4
4

w
o
m

en
;

n
=

2
1
,2

2
9

m
en

�
5
0
–
8
0

y
ea

rs
o
f

ag
e

w
it

h
a

h
is

to
ry

o
f

M
I,

ce
re

b
ro

v
as

cu
la

r
d
is

ea
se

,
P

A
D

,
o
r

d
ia

b
et

es
w

it
h

ev
id

en
ce

o
f

sy
m

p
to

m
at

ic
co

ro
n
ar

y
d
is

ea
se

�
M

aj
o
r

v
as

cu
la

r
ev

en
ts

(n
o
n
fa

ta
l

M
I,

d
ea

th
fr

o
m

co
ro

n
ar

y
ca

u
se

s,
st

ro
k
e

o
f

an
y

ty
p
e,

o
r

co
ro

n
ar

y
o
r

n
o
n
co

ro
n
ar

y
re

v
as

cu
la

ri
za

ti
o
n
)

�
P

ri
m

a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

ev
en

t
ra

te
1
3
.4

%
n
ia

ci
n

+l
ar

o
p
ip

ra
n
t

v
s.

1
2
.3

%
p
la

ce
b
o

�
M

en
:

ev
en

t
ra

te
1
3
.2

%
n
ia

ci
n

+l
ar

o
p
ip

ra
n
t

v
s.

1
4
.0

%
p
la

ce
b
o

�
p

=
0
.0

7
fo

r
d
if

fe
re

n
ce

b
y

se
x

O
m

eg
a-

3
fa

tt
y

ac
id

s

JE
L

IS
5
0

E
P

A
-o

n
ly

o
m

eg
a-

3
fa

tt
y

ac
id

1
.8

g
/d

ay
+

st
at

in
v
s.

st
at

in
al

o
n
e

fo
r

p
ri

m
ar

y
an

d
se

co
n
d
ar

y
p
re

v
en

ti
o
n

�
N

=
1
8
,6

4
5

�
n

=
1
2
,7

8
6

p
o
st

m
en

o
p
au

sa
l

w
o
m

en
u
p

to
7
5

y
ea

rs
o
f

ag
e

w
it

h
h
y
p
er

ch
o
le

st
er

o
le

m
ia

�
n

=
5
,8

5
9

m
en

4
0
–
7
5

y
ea

rs
o
f

ag
e

�
M

aj
o
r

co
ro

n
ar

y
ev

en
ts

,
in

cl
u
d
in

g
su

d
d
en

ca
rd

ia
c

d
ea

th
,

fa
ta

l
an

d
n
o
n
fa

ta
l

M
I,

u
n
st

ab
le

an
g
in

a
p
ec

to
ri

s,
an

g
io

p
la

st
y
,

st
en

ti
n
g
,

o
r

co
ro

n
ar

y
ar

te
ry

b
y
p
as

s
g
ra

ft
in

g
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

Y
es

�
W

o
m

en
:

H
R

0
.8

7
(0

.6
8
–
1
.1

3
)

�
M

en
:

H
R

0
.7

6
(9

5
%

C
I

0
.6

2
–
0
.9

4
)

�
p

=
0
.4

3
fo

r
d
if

fe
re

n
ce

b
y

se
x (c

o
n
ti

n
u
ed

)

1094



T
a

b
l
e

1
.

(C
o

n
t
i
n

u
e
d

)

T
ri

a
l

In
te

rv
en

ti
o
n

P
a
ti

en
t

p
o
p
u
la

ti
o
n

P
ri

m
a
ry

en
d
p
o
in

t
S
ex

-b
a
se

d
fi
n
d
in

g
s

fo
r

p
ri

m
a
ry

en
d
p
o
in

t
F

ib
ra

te
s

O
M

E
G

A
5
1

C
o
m

b
in

at
io

n
o
m

eg
a-

3
fa

tt
y

ac
id

(D
H

A
+E

P
A

)
*

1
g
/d

ay
v
s.

p
la

ce
b
o

fo
r

se
co

n
d
ar

y
p
re

v
en

ti
o
n

�
N

=
3
,8

1
8

�
n

=
9
7
7

w
o
m

en
;

n
=

2
,8

4
1

m
en

�
>1

8
y
ea

rs
o
f

ag
e

an
d

ad
m

it
te

d
to

th
e

h
o
sp

it
al

fo
r

ac
u
te

M
I

�
P

at
ie

n
ts

al
l

re
ce

iv
ed

‘‘
g
u
id

el
in

e-
ad

ju
st

ed
tr

ea
tm

en
t

fo
r

ac
u
te

M
I’

’
�

M
aj

o
ri

ty
w

er
e

o
n

st
at

in
s

�
S

u
d
d
en

ca
rd

ia
c

d
ea

th
an

d
/o

r
su

d
d
en

ca
rd

ia
c

ar
re

st
w

it
h

in
it

ia
ll

y
su

cc
es

sf
u
l

ca
rd

io
p
u
lm

o
n
ar

y
re

su
sc

it
at

io
n

an
d

su
b
se

q
u
en

t
d
ea

th
d
u
ri

n
g

th
e

h
o
sp

it
al

st
ay

w
it

h
in

3
w

ee
k
s

�
P

ri
m

a
ry

en
d

p
o
in

t
m

et
5

N
o

S
ta

te
d

th
at

‘‘
se

x
-b

as
ed

d
if

fe
re

n
ce

s
w

er
e

n
o
t

p
re

se
n
t’

’

O
R

IG
IN

5
2

C
o
m

b
in

at
io

n
o
m

eg
a-

3
fa

tt
y

ac
id

(D
H

A
+E

P
A

)
9
0
0

m
g

v
s.

p
la

ce
b
o

fo
r

p
ri

m
ar

y
p
re

v
en

ti
o
n

�
N

=
1
2
,5

3
6

�
n

=
4
,3

8
6

w
o
m

en
;

n
=

8
,1

5
0

m
en

�
‡5

0
y
ea

rs
o
f

ag
e

w
it

h
d
ia

b
et

es
/d

y
sg

ly
ce

m
ia

an
d

ad
d
it

io
n
al

C
V

D
ri

sk
fa

ct
o
rs

�
*

5
0

o
n

st
at

in
s

at
b
as

el
in

e

�
D

ea
th

fr
o
m

ca
rd

io
v
as

cu
la

r
ca

u
se

s
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

N
o

N
R

R
is

k
an

d
P

re
v
en

ti
o
n

S
tu

d
y

5
3

C
o
m

b
in

at
io

n
o
m

eg
a-

3
fa

tt
y

ac
id

(D
H

A
+E

P
A

)
1

g
/d

ay
v
s.

p
la

ce
b
o

fo
r

p
ri

m
ar

y
p
re

v
en

ti
o
n

�
N

=
1
2
,5

0
5

�
n

=
4
,8

1
8

w
o
m

en
;

n
=

7
,6

8
7

m
en

�
C

V
D

o
r

h
ig

h
ri

sk
fo

r
C

V
D

�
*

4
0
%

o
n

st
at

in
s

at
b
as

el
in

e

�
C

o
m

p
o
si

te
o
f

ti
m

e
to

d
ea

th
fr

o
m

ca
rd

io
v
as

cu
la

r
ca

u
se

s
o
r

h
o
sp

it
al

ad
m

is
si

o
n

fo
r

ca
rd

io
v
as

cu
la

r
ca

u
se

s
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

H
R

,
0
.8

2
;

9
5
%

C
I,

0
.6

7
–
0
.9

9
�

M
en

:
H

R
1
.0

4
;

9
5
%

C
I

0
.9

2
–
1
.1

7
�

p
=

0
.0

4
fo

r
in

te
ra

ct
io

n

A
S

C
E

N
D

5
4

C
o
m

b
in

at
io

n
o
m

eg
a-

3
fa

tt
y

ac
id

(D
H

A
+E

P
A

)
<1

g
/d

ay
fo

r
p
ri

m
ar

y
p
re

v
en

ti
o
n

�
N

=
1
5
,4

8
0

�
n

=
5
,7

9
6

w
o
m

en
;

n
=

9
,6

8
4

m
en

�
‡4

0
y
ea

rs
o
f

ag
e

w
it

h
d
ia

b
et

es
b
u
t

n
o

ev
id

en
ce

o
f

C
V

D
�
*

7
5
%

o
n

st
at

in
s

at
b
as

el
in

e

�
C

o
m

p
o
si

te
o
f

n
o
n
fa

ta
l

M
I

o
r

st
ro

k
e

(e
x
cl

u
d
in

g
co

n
fi

rm
ed

in
tr

ac
ra

n
ia

l
h
em

o
rr

h
ag

e)
,

T
IA

,
o
r

v
as

cu
la

r
d
ea

th
,

ex
cl

u
d
in

g
in

tr
ac

ra
n
ia

l
h
em

o
rr

h
ag

e
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

H
R

0
.9

9
(0

.8
9
–
1
.1

1
)

�
M

en
:

H
R

1
.0

(0
.8

4
–
1
.1

8
)

�
p

=
0
.9

9
fo

r
h
et

er
o
g
en

ei
ty

V
IT

A
L

7
C

o
m

b
in

at
io

n
o
m

eg
a-

3
fa

tt
y

ac
id

(D
H

A
+E

P
A

)
<1

g
/d

ay
an

d
v
it

am
in

D
v
s.

p
la

ce
b
o

fo
r

p
ri

m
ar

y
p
re

v
en

ti
o
n

�
N

=
2
5
,8

7
1

�
n

=
1
3
,0

8
5

w
o
m

en
>5

5
y
ea

rs
o
f

ag
e

�
n

=
1
2
,7

8
6

m
en

>5
0

y
ea

rs
o
f

ag
e

�
A

p
p
ro

x
im

at
el

y
o
n
e-

th
ir

d
o
n

st
at

in
s

at
b
as

el
in

e

�
M

aj
o
r

ca
rd

io
v
as

cu
la

r
ev

en
ts

(c
o
m

p
o
si

te
o
f

M
I,

st
ro

k
e,

an
d

d
ea

th
fr

o
m

ca
rd

io
v
as

cu
la

r
ca

u
se

s)
an

d
in

v
as

iv
e

ca
n
ce

r
o
f

an
y

ty
p
e

�
P

ri
m

a
ry

en
d

p
o
in

t
m

et
5

N
o

�
W

o
m

en
:

H
R

0
.9

3
(9

5
%

C
I

0
.7

6
–
1
.1

5
)

�
M

en
:

H
R

0
.9

1
(9

5
%

C
I

0
.7

6
–
1
.1

0
)

�
p

=
0
.8

8
fo

r
d
if

fe
re

n
ce

b
y

se
x

R
E

D
U

C
E

-I
T

9
Ic

o
sa

p
en

t
et

h
y
l

(E
P

A
)

4
g
/d

ay
+

st
at

in
v
s.

st
at

in
al

o
n
e

fo
r

p
ri

m
ar

y
o
r

se
co

n
d
ar

y
p
re

v
en

ti
o
n

�
N

=
8
,1

7
9

�
n

=
2
,3

5
7

w
o
m

en
;

n
=

5
,8

2
2

m
en

�
‡4

5
y
ea

rs
o
f

ag
e

w
it

h
es

ta
b
li

sh
ed

C
V

D
o
r

‡5
0

y
ea

rs
o
f

ag
e

w
it

h
d
ia

b
et

es
an

d
‡1

ad
d
it

io
n
al

ri
sk

fa
ct

o
r(

s)

�
C

o
m

p
o
si

te
o
f

ca
rd

io
v
as

cu
la

r
d
ea

th
,

n
o
n
fa

ta
l

M
I

(i
n
cl

u
d
in

g
si

le
n
t

M
I)

,
n
o
n
fa

ta
l

st
ro

k
e,

co
ro

n
ar

y
re

v
as

cu
la

ri
za

ti
o
n
,
o
r

u
n
st

ab
le

an
g
in

a
in

a
ti

m
e-

to
-e

v
en

t
an

al
y
si

s
�

P
ri

m
a
ry

en
d

p
o
in

t
m

et
5

Y
es

�
W

o
m

en
:

H
R

0
.8

2
(9

5
%

C
I

0
.6

6
–
1
.0

1
)

�
M

en
:

H
R

0
.7

3
(9

5
%

C
I

0
.6

5
–
0
.8

2
)

�
p

=
0
.3

3
fo

r
in

te
ra

ct
io

n

A
C

C
O

R
D

,
A

ct
io

n
to

C
o
n
tr

o
l

C
ar

d
io

v
as

cu
la

r
R

is
k

in
D

ia
b
et

es
;

A
C

S
,

ac
u
te

co
ro

n
ar

y
sy

n
d
ro

m
e;

A
IM

-H
IG

H
,

A
th

er
o
th

ro
m

b
o
si

s
In

te
rv

en
ti

o
n

in
M

et
ab

o
li

c
S

y
n
d
ro

m
e

w
it

h
L

o
w

H
D

L
/H

ig
h

T
ri

g
ly

ce
ri

d
es

:
Im

p
ac

t
o
n

G
lo

b
al

H
ea

lt
h

O
u
tc

o
m

es
;

A
S

C
E

N
D

,
A

S
tu

d
y

o
f

C
ar

d
io

v
as

cu
la

r
E

v
en

ts
in

D
ia

b
et

es
;

A
S

C
V

D
,

at
h
er

o
sc

le
ro

ti
c

ca
rd

io
v
as

cu
la

r
d
is

ea
se

;
C

I,
co

n
fi

d
en

ce
in

te
rv

al
;

C
V

D
,

ca
rd

io
v
as

cu
la

r
d
is

ea
se

;
D

H
A

,
d
o
co

sa
h
ex

ae
n
o
ic

ac
id

;
E

P
A

,
ei

co
sa

p
en

ta
en

o
ic

ac
id

;
F

IE
L

D
,

F
en

o
fi

b
ra

te
In

te
rv

en
ti

o
n

an
d

E
v
en

t
L

o
w

er
in

g
in

D
ia

b
et

es
;

H
D

L
,

h
ig

h
-d

en
si

ty
li

p
o
p
ro

te
in

;
H

P
S

2
-

T
H

R
IV

E
,

H
ea

rt
P

ro
te

ct
io

n
S

tu
d
y

2
–
T

re
at

m
en

t
o
f

H
D

L
to

R
ed

u
ce

th
e

In
ci

d
en

ce
o
f

V
as

cu
la

r
E

v
en

ts
;

H
R

,
h
az

ar
d

ra
ti

o
;

JE
L

IS
,

Ja
p
an

E
P

A
L

ip
id

In
te

rv
en

ti
o
n

S
tu

d
y
;

M
I,

m
y
o
ca

rd
ia

l
in

fa
rc

ti
o
n
;

N
R

,
n
o
t

re
p
o
rt

ed
;

O
R

IG
IN

,
O

u
tc

o
m

e
R

ed
u
ct

io
n

w
it

h
an

In
it

ia
l

G
la

rg
in

e
In

te
rv

en
ti

o
n
;

P
A

D
,

p
er

ip
h
er

al
ar

te
ry

d
is

ea
se

;
R

E
D

U
C

E
-I

T
,

R
ed

u
ct

io
n

o
f

C
ar

d
io

v
as

cu
la

r
E

v
en

ts
w

it
h

Ic
o
sa

p
en

t
E

th
y
l–

In
te

rv
en

ti
o
n

T
ri

al
;

T
IA

,
tr

an
si

en
t

is
ch

em
ic

at
ta

ck
;

V
IT

A
L

,
V

it
am

in
D

an
d

O
m

eg
a-

3
T

ri
al

.

1095



26% in women and 16% in men (both p = 0.04), with no
significant interaction by sex ( p = 0.45).

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study (N = 5,518; 30.7% women) found that
addition of fenofibrate to a statin did not reduce the rate of
CVD endpoints compared with statin alone in the majority of
high-risk patients with diabetes mellitus. A significant in-
teraction by sex favoring men was found ( p = 0.01): women
had a higher CVD event rate with fenofibrate plus statin than
with placebo plus statin (9.1% vs. 6.6%), whereas men had a
lower CVD event rate with fenofibrate plus statin than with
placebo plus statin (11.2% vs. 13.3%).6 These collective data
show that fibrates did not reduce CVD risk overall, with
potentially negative findings regarding effects in women.

Initial interest in niacin derived from the theory that drugs
that increase HDL-C could potentially reduce CVD risk.55

Studies of niacin in the secondary prevention of CVD were
highly anticipated, yet had disappointing findings.8,49 The
Atherothrombosis Intervention in Metabolic Syndrome with
Low HDL/High Triglycerides: Impact on Global Health
Outcomes (AIM-HIGH) study (N = 3,414; <15% women)
found that addition of niacin to statin treatment failed to
reduce CVD events in patients with atherosclerotic CVD
and LDL-C <70 mg/dL despite increases in HDL-C and
decreases in TG.8

Subsequently, the Heart Protection Study 2–Treatment of
HDL to Reduce the Incidence of Vascular Events (HPS2-
THRIVE) (N = 25,673; <18% women) found that adding a
combination of niacin with laropiprant to simvastatin –
ezetimibe did not reduce major vascular events, and in-
creased the risk of serious adverse events.49 A sex-based
subanalysis of HPS2-THRIVE showed a trend ( p = 0.07)
toward worse CVD outcomes among niacin-treated women.

Investigations of omega-3 fatty acids for CVD risk re-
duction have reported mixed findings. The Japan EPA Lipid
Intervention Study ( JELIS), an open-label trial conducted in
a Japanese population (N = 19,466; 69% women) with hy-
percholesterolemia, randomized patients to EPA 600 mg
three times a day on a background of statin treatment or to
statin treatment alone.50 The EPA group had a significant
relative risk reduction of 19% in major CVD events com-
pared with the control group (HR 0.81; 95% CI 0.69–0.95;
p = 0.011) over 5 years. The CVD event rate was lower for
women than men in both the control and EPA-treated groups.
The HR for the reduction in CVD events with EPA versus
placebo was 0.87 (95% CI 0.68–1.13) for women and 0.76
(95% CI 0.62–0.94) for men, with no interaction by sex
( p = 0.43). EPA was associated with a significant improve-
ment in secondary prevention of CVD events (HR 0.81; 95%
CI 0.66–1.0; p = 0.048), but did not reach statistical signifi-
cance for primary prevention (HR 0.82; 95% CI 0.63–1.06).

Subsequent omega-3 fatty acid CVD outcome trials inves-
tigating DHA+EPA combinations have failed to achieve their
primary endpoints (Table 1).7,51–54 Among outcome trials of
DHA+EPA that reported sex-based subanalyses, only the Risk
and Prevention Study found a difference between sexes
( p = 0.04 for interaction): a significantly lower rate of CVD
events was found among women receiving DHA+EPA versus
placebo (HR 0.82; 95% CI 0.67–0.99), with no significant
finding in men (HR 1.04; 95% CI 0.92–1.17).53

The most recent combination omega-3 fatty acid outcome
trial, the Vitamin D and Omega-3 Trial (VITAL) (N = 25,871;

51% women), randomized patients in a factorial design to
receive a low dose (1 g/day) of DHA+EPA, vitamin D3 (200
IU) supplementation, or placebo.7,56 After 5.3 years of
follow-up, neither combination omega-3 fatty acids nor vi-
tamin D3 was associated with a significantly lower incidence
of major CVD events or invasive cancer. An analysis of
major CVD events by sex subgroup, comparing the combi-
nation omega-3 fatty acid group with the placebo group,
found that the HRs for major CVD events for women and
men were 0.93 (95% CI 0.76–1.15) and 0.91 (95% CI 0.76–
1.10), respectively ( p = 0.88 for interaction).

The contrast between positive findings in JELIS for
EPA in CVD risk reduction and subsequent negative studies
of DHA+EPA combination omega-3 fatty acids suggests
that EPA may have differential effects on CVD risk reduc-
tion. Insights regarding the effects of EPA in women can
be gained from analyses of the Multi-Center, PlAcebo-
Controlled, Randomized, Double-BlINd, 12-week study
with an open-label Extension (MARINE) and ANCHOR
studies, which found that in women at elevated risk of CVD
with TG ‡500 mg/dL (MARINE) and ‡200 to <500 mg/dL
(ANCHOR), icosapent ethyl 4 g/day significantly reduced TG
in women by 21.5% and 22.7% in MARINE and ANCHOR,
respectively, without an increase in LDL-C; these findings
were generally comparable to findings in the overall study
populations.57 Similar results were seen in a post hoc analysis
of women with diabetes from the ANCHOR study.58 Changes
in other atherogenic lipid, lipoprotein, and inflammatory pa-
rameters were favorable and generally consistent with results
of the overall study that included women and men.57–63

Reduction of Cardiovascular Events
with Icosapent Ethyl–Intervention Trial

The recently published REDUCE-IT study (N = 8,179;
29% women) investigated CVD outcomes with icosapent
ethyl 4 g/day, in addition to statin treatment in patients with
elevated TG (135–499 mg/dL) who were ‡45 years of age
with established CVD or ‡50 years of age with type 2 dia-
betes and at least one additional risk factor.9 Patients were
randomized to icosapent ethyl or placebo. The primary
composite endpoint (CVD death, nonfatal MI, nonfatal
stroke, coronary revascularization, or unstable angina) oc-
curred in significantly fewer patients in the icosapent ethyl
group (17.2%) compared with the placebo group (22.0%)
(HR 0.75; 95% CI 0.68–0.83; p < 0.001) after a median 4.9
years of follow-up (Fig. 2A). These data correspond to a
number needed to treat to avoid one primary endpoint event
of 21 (95% CI 15–33).

Similarly, the key secondary composite endpoint (CVD
death, nonfatal MI, or nonfatal stroke) occurred in 11.2% of
patients in the icosapent ethyl group and 14.8% in the placebo
group (HR 0.74; 95% CI 0.65–0.83; p < 0.001; Fig. 2B). The
number needed to treat to prevent one key secondary end-
point was 28 (95% CI 20–47).9

As reported in JELIS, the overall rate of coronary events
was lower with women than with men. A subgroup analysis by
sex in REDUCE-IT found that, in women, event rates for the
primary endpoint were 13.3% in the icosapent ethyl arm and
15.6% in the placebo group (HR 0.82; 95% CI 0.66–1.01),
whereas for men, the event rates were 18.8% and 24.7% in the
icosapent ethyl and placebo groups, respectively (HR 0.73;
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95% CI 0.65–0.82) (Table 2). The p-value for interaction by
sex was not statistically significant ( p = 0.33), suggesting that
both women and men benefitted equally from treatment.

Comparable findings were reported for the key secondary
endpoint when analyzed by sex (Table 2). Overall, the ad-
verse events and serious adverse events in REDUCE-IT were
low and similar to placebo. An issue that has been raised is
that the placebo (mineral oil) was associated with small in-
creases in LDL-C and high-sensitivity C-reactive protein
levels; however, an independent review suggested this could
not explain the observed benefit associated with the inter-
vention.64 Moreover, the CVD event rate in the placebo
group was similar to that expected for comparable trials.

Based on the efficacy and safety profile demonstrated in
REDUCE-IT, the United States Food and Drug Administra-

tion recently approved icosapent ethyl for an expanded in-
dication as an adjunct to maximally tolerated statin therapy to
reduce the risk of MI, stroke, coronary revascularization, and
unstable angina requiring hospitalization in adult patients
with elevated TG levels (‡150 mg/dL) and established CVD,
or diabetes mellitus and two or more additional risk factors
for CVD.65 Following suit, Health Canada recently approved
the use of icosapent ethyl to reduce the risk of cardiovascular
events (cardiovascular death, nonfatal MI, nonfatal stroke,
coronary revascularization, or hospitalization for unstable
angina) in statin-treated patients with elevated TG who are at
high risk of cardiovascular events due to established CVD or
diabetes and at least one other cardiovascular risk factor.66

In contrast to the positive findings in REDUCE-IT and
JELIS for stable prescription EPA-only products, recent
CVD outcome trials of combination omega-3 fatty acids have
not demonstrated reduced CVD risk. A differentiating factor
between these clinical studies could be that combination
omega-3 fatty acids contain DHA, which has been associated
with increases in LDL-C,67,68 which may mitigate the ben-
eficial effects in CVD risk reduction.

A number of ongoing studies will provide additional in-
sights into the role of omega-3 fatty acids in CVD risk re-
duction.69–71 The STRENGTH trial, which utilized 4 g/day of
an EPA – DHA mixture, was recently stopped due to futility.72

Trial details should be forthcoming from the investigators;
however, the lack of benefit of the combined EPA – DHA mix-
ture is consistent with other combination omega-3 fatty acid
trials, with published data showing lack of efficacy.

Conclusions

Women have unique barriers to the prevention of CVD.
Underestimation of CVD risk in women may hinder appro-
priate preventive therapy. Women with CVD have been
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FIG. 2. Cumulative incidence of cardiovascular events in REDUCE-IT.9 Kaplan-Meier event curves for the primary
efficacy endpoint, defined as a composite of CVD death, nonfatal MI, nonfatal stroke, coronary revascularization, or
unstable angina in a time-to-event analysis (A); and the key secondary endpoint, defined as a composite of CVD death,
nonfatal MI, or nonfatal stroke in a time-to-event analysis (B). In each panel, the inset shows the same data on an expanded
y axis. The curves were visually truncated at 5.7 years because a limited number of events occurred beyond that time point;
all patient data were included in the analyses. CVD, cardiovascular disease; MI, myocardial infarction; REDUCE-IT,
Reduction of Cardiovascular Events with Icosapent Ethyl–Intervention Trial. From Bhatt et al., ª2019 Massachusetts
Medical Society.9 Reprinted with permission from Massachusetts Medical Society.

Table 2. Gender Differences in Primary

and Secondary Endpoints in Reduction

of Cardiovascular Events with Icosapent

Ethyl–Intervention Trial
9

HR (95% CI) p-Value for interaction

Primary endpoint: composite of cardiovascular death,
nonfatal MI, nonfatal stroke, coronary revascularization,
or unstable angina
Male 0.73 (0.65–0.82) 0.33a

Female 0.82 (0.66–1.01)

Key secondary endpoint: composite of cardiovascular death,
nonfatal MI, or nonfatal stroke
Male 0.72 (0.62–0.82) 0.44a

Female 0.80 (0.62–1.03)

aInteraction p-value not statistically significant, denoting compa-
rable benefit.

CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
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shown to have greater risk of adverse CVD outcomes than
men, and women have a high risk of CVD associated with
diabetes; therefore, application of evidence-based therapies
in women is of paramount importance. Statins and other
LDL-C–lowering treatments appear to have comparable
benefits in high-risk women and men. In contrast, trials of
treatments targeting other lipids have had mixed or negative
results. The recently published REDUCE-IT study showed
that addition of icosapent ethyl to statin treatment signifi-
cantly reduced CVD events in patients at high risk of CVD,
with comparable residual CVD risk reduction in women and
men.
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