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ABSTRACT

Lipoprotein(a) (Lp(a)) is a highly proathero-
genic lipid fraction that is genetically deter-
mined and minimally responsive to lifestyle or
behavior changes. Mendelian randomization
studies have suggested a causal link between
elevated Lp(a) and heart disease, stroke, and
aortic stenosis. There is substantial inter-ethnic
variation in Lp(a) levels, with persons of African
descent having the highest median values.
Monitoring of Lp(a) has historically been lim-
ited by lack of standardization of assays. With
the advent of novel therapeutic modalities to
lower Lp(a) levels including proprotein conver-
tase subtilisin/kexin 9 (PCSK9) inhibitors and
targeted antisense oligonucleotides, it is
increasingly important to screen patients who
have family or personal history of atheroscle-
rotic cardiovascular disease for elevations in
Lp(a). Further study is needed to establish a
causal relationship between elevated Lp(a) and
cardiovascular disease across diverse ethnic
populations.

Keywords: Antisense oligonucleotide; Aortic
stenosis; Coronary artery disease; Ethnic
disparities; Lipoprotein(a); PCSK9 inhibitor;
Plasma lipid apheresis; Stroke

Key Summary Points

Lp(a) is a highly atherogenic lipid fraction
with numerous studies showing a strong
association between elevated Lp(a) and
coronary artery disease stroke and aortic
stenosis.

The expression of Lp(a) is largely
determined by autosomal dominant
inheritance with behavioral factors
having minimal influence over serum
levels.

Persons of African and South Asian
descent have significantly higher mean
Lp(a) levels than persons of European
Latin American or East Asian descent.

Novel therapies including PCSK-9
inhibitors and antisense oligonucleotides
significantly reduce Lp(a) levels
independently of LDL reductions.

Further studies on the role of
Lp(a) reduction in primary cardiovascular
disease prevention are needed.
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INTRODUCTION

What is Lipoprotein(a)?

Lipoprotein(a) [Lp(a)] is a low-density lipopro-
tein(LDL)-like lipid fraction consisting of two
subunits: a single apolipoprotein a [Apo(a)]
molecule, which is a lipid-rich fraction produced
by the liver; and apolipoprotein B-100
(ApoB100), whichhas anLDL receptor and is also
a constituent of very low density lipopro-
tein(VLDL), intermediate density lipopro-
tein(IDL), and LDL [1]. Apo(a) consists of 11
differentkringledomains,whichare subdomains
of the protein with a structure that resembles the
folded Danish pastry of the same name. While
most kringle domains are expressed exactly once
in the final Apo(a) quaternary structure, the pri-
mary constituent bymass is the kringle IV type 2
(KIV-2) domain, which can be repeated in the
Apo(a) molecule from fewer than 13 times to
more than 50 times [2]. The expression profile of
the KIV-2 domain is predominantly determined
genetically in an autosomal dominant fashion,
and there is an inverse relationship between the
number of KIV-2 repeats and the concentration
of Lp(a) in serum [3].

Considerable overlap exists between the
structure of the apo(a) molecule and those of
plasminogen and tissue plasminogen activator.
The kringle IV type 10 has a lysine binding site
similar to plasminogen but the cleavage site has a
mutation thatpreventsproteolysis. Lp(a) thus can
competewithplasminogen for thebinding siteon
fibrin but since it lacks the proteolytic subdomain
it functionally inhibits fibrinolysis [4].

Lp(a) has also been identified as an acute-
phase reactant after tissue injury. Lp(a) was
positively correlated with IL-6, C-reactive pro-
tein, and alpha-1 antitrypsin after acute
myocardial infarcts [5, 6]. Apo(a) may also act as
an immune suppressor by decreasing recruit-
ment of neutrophils [7].

Lp(a) is a preferred carrier for oxidized
phospholipids (OxPL), which are demonstrated
to be immunogenic, proinflammatory, and
proatherogenic [8]. In a prospective cohort
study of 1400 healthy adults followed for
15 years, highest tertile OxPL was associated

with hazard ratios of 2.4 for cardiovascular dis-
ease (CVD) and 3.6 for stroke compared to the
lowest tertile [9]. Lp(a) is believed to exert part
of its proatherogenic effects via its carriage of
OxPL. Lp(a) is also believed to increase the
propensity to form coronary calcification. Kor-
ean men and women in the highest Lp(a) quar-
tile were found to have odds ratios of 1.2 and
1.6, respectively, for coronary artery calcium
score greater than 0, even after adjusting for
LDL and metabolic syndrome [10].

While the expression of Lp(a) is largely
determined by genetic inheritance, behavioral
factors such as diet and exercise can affect
Lp(a) levels to a modest degree. For example, in
a study of 37 healthy women fed two low-fat
diets, one low in vegetable content and the
other high in vegetable content, they experi-
enced a 7% and 9% increase in Lp(a), respec-
tively [11]. Sustained physical exercise can
increase Lp(a) levels by 10% for moderate exer-
cise and up to over 100% for high-endurance
athletes [12–15]. The rise in Lp(a) during exer-
cise is likely as an acute-phase reactant in
response to soft tissue damage in the muscula-
ture and vasculature during repeated move-
ments. Two studies found no significant
relationship between exercise and Lp(a) but did
note a non-significant trend of higher mean
Lp(a) in the active group [16, 17]. Many studies,
however, find no relationship between exercise
and Lp(a) levels, and the benefits of exercise on
cardiovascular health are well established
[18–25].

This article reviews the up-to-date literature
related to Lp(a) and its role in cardiovascular
disease, ethnic disparities in the levels and
pathogenicity of this lipid fraction, clinical
monitoring guidelines, and treatment modali-
ties (Table 1). This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

Associations Between
Lp(a) and Cardiovascular Disease

Lp(a) is believed to be a highly atherogenic lipid
fraction with numerous studies showing a

276 Cardiol Ther (2020) 9:275–292



T
ab
le
1

R
ev
ie
w
of

ke
y
L
p(
a)

st
ud
ie
s

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

Fr
ic
k
et

al
.

(1
97
8)

Se
ru
m

lip
id
s
in

an
gi
og
ra
ph
ic
al
ly

as
se
ss
ed

co
ro
na
ry

at
he
ro
sc
le
ro
si
s

15
3
Sc
an
di
na
vi
an

m
en

an
d
w
om

en
w
ho

un
de
rw
en
t
pr
eo
pe
ra
ti
ve

ev
al
ua
ti
on

of
co
ro
na
ry

ar
te
ri
al

an
at
om

y
fo
r
su
bs
eq
ue
nt

by
pa
ss

su
rg
er
y,
or

ev
al
ua
ti
on

of
an
gi
na
-li
ke

ch
es
t
pa
in

co
m
bi
ne
d
w
it
h

ab
no
rm

al
re
st
in
g
an
d/
or

ex
er
ci
se

el
ec
tr
oc
ar
di
og
ra
m

C
om

pr
eh
en
si
ve

lip
id

an
al
ys
is
in

a
se
ri
es

of
pa
ti
en
ts
w
it
h
an
gi
og
ra
ph
ic

as
se
ss
m
en
t
of

co
ro
na
ry

at
he
ro
sc
le
ro
si
s
w
hi
ch

w
as

su
bj
ec
te
d

to
se
gm

en
ta
l
gr
ad
in
g

C
or
on
ar
y
at
he
ro
sc
le
ro
si
s

C
ho
le
st
er
ol

(p
\

0.
05
),
po
si
ti
vi
ty

of
L
p
(a
)/
pr
e-
be
ta
1
lip
op
ro
te
in

(p
\

0.
01
),
a
fa
m
ily

hi
st
or
y
of

co
ro
na
ry

he
ar
t
di
se
as
e
(p
\

0.
05
),

an
d
sm

ok
in
g
(p
\

0.
01
)
di
ff
er
ed

be
tw
ee
n
th
e
gr
ou
p
of

no
rm

al
ar
te
ri
es

an
d
th
e
w
ho
le
gr
ou
p
of

lu
m
in
al
ob
st
ru
ct
io
ns
.S
er
um

tr
ig
ly
ce
ri
de
s
w
er
e
no
t
as
so
ci
at
ed

w
it
h
co
ro
na
ry

at
he
ro
sc
le
ro
si
s.

C
ho
le
st
er
ol
,p
os
it
iv
it
y
of

th
e
L
p(
a)
/

pr
e-
be
ta
1
lip
op
ro
te
in

an
d
a
fa
m
ily

hi
st
or
y
of

co
ro
na
ry

he
ar
t
di
se
as
e

w
er
e
al
so

as
so
ci
at
ed

w
it
h
th
e

se
ve
ri
ty

of
th
e
di
se
as
e

Sa
nd

ho
lz
er

et
al
.

(1
99
1)

E
ff
ec
ts
of

th
e

ap
ol
ip
op
ro
te
in
(a
)
si
ze

po
ly
m
or
ph
is
m

on
th
e

lip
op
ro
te
in
(a
)
co
nc
en
tr
at
io
n

in
7
et
hn

ic
gr
ou
ps

27
9
T
yr
ol
ea
n
su
bj
ec
ts
,1

05
Su
da
ne
se
,

14
3
In
di
an
,1

25
M
al
ay
si
an
,1

12
C
hi
ne
se
,2

02
H
un

ga
ri
an
,1

84
Ic
el
an
di
c

L
p(
a)

co
nc
en
tr
at
io
ns

an
d

ap
o(
a)
ph
en
ot
yp
es
w
er
e
de
te
rm

in
ed

in
7
et
hn

ic
gr
ou
ps

L
p(
a)

le
ve
l
by

et
hn

ic
gr
ou
p

A
ve
ra
ge

L
p(
a)

co
nc
en
tr
at
io
ns

w
er
e

hi
gh
ly
si
gn
ifi
ca
nt
ly
di
ff
er
en
t
am

on
g

th
es
e
po
pu
la
ti
on
s,
w
it
h
th
e
C
hi
ne
se

(7
.0
m
g/
dl
)
ha
vi
ng

th
e
lo
w
es
t
an
d

th
e
Su
da
ne
se

(4
6
m
g/
dl
)
th
e

hi
gh
es
t
le
ve
ls.

A
po
(a
)
ph
en
ot
yp
e

an
d
de
ri
ve
d
ap
o(
a)

al
le
le

fr
eq
ue
nc
ie
s
w
er
e
al
so

si
gn
ifi
ca
nt
ly

di
ff
er
en
t
am

on
g
th
e
po
pu
la
ti
on
s.

A
po
(a
)
is
of
or
m

ef
fe
ct
s
on

L
p(
a)

le
ve
ls
w
er
e
no
t
si
gn
ifi
ca
nt
ly

di
ff
er
en
t
am

on
g
po
pu
la
ti
on
s.

L
p(
a)

le
ve
ls
w
er
e
ho
w
ev
er

ro
ug
hl
y

tw
ic
e
as

hi
gh

in
th
e
sa
m
e

ph
en
ot
yp
es

in
th
e
In
di
an
s,
an
d

se
ve
ra
l
ti
m
es

as
hi
gh

in
th
e

Su
da
ne
se
,c
om

pa
re
d
w
it
h

C
au
ca
si
an
s.
T
he

si
ze

va
ri
at
io
n
of

ap
o(
a)

ex
pl
ai
ns

fr
om

0.
77

(M
al
ay
s)

to
on
ly
0.
19

(S
ud
an
es
e)
of

th
e
to
ta
l

va
ri
ab
ili
ty

in
L
p(
a)

le
ve
ls

Cardiol Ther (2020) 9:275–292 277



T
a
b
le
1

co
n
ti
n
u
ed

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

V
ir
an
i
et

al
.

(2
01
2)

[5
5]

A
ss
oc
ia
ti
on
s
be
tw
ee
n

lip
op
ro
te
in
(a
)
le
ve
ls
an
d

ca
rd
io
va
sc
ul
ar

ou
tc
om

es
in

A
fr
ic
an

A
m
er
ic
an
s
an
d

C
au
ca
si
an
s:
T
he

A
th
er
os
cl
er
os
is
R
is
k
in

C
om

m
un

it
ie
s
(A
R
IC

)
St
ud
y

34
67

A
fr
ic
an

A
m
er
ic
an
s
an
d
98
51

C
au
ca
si
an
s,
re
pr
es
en
ta
ti
ve

of
ad
ul
ts

ag
ed

45
–6

4
ye
ar
s
liv
in
g
in

4
co
m
m
un

it
ie
s
in

th
e
U
ni
te
d
St
at
es

be
tw
ee
n
19
87

an
d
19
89

Pl
as
m
a
L
p(
a)
w
as
m
ea
su
re
d
in

A
fr
ic
an

A
m
er
ic
an
s
an
d
C
au
ca
si
an
s

C
H
D

an
d
st
ro
ke

A
dj
us
te
d
H
R
s
(9
5%

co
nfi

de
nc
e

in
te
rv
al
[C

I]
)
pe
r
ra
ce
-s
pe
ci
fic

1-
SD

–g
re
at
er

lo
g-
tr
an
sf
or
m
ed

L
p(
a)

w
er
e
1.
13

(1
.0
4–

1.
23
)
fo
r

in
ci
de
nt

C
V
D
,1

.1
1
(1
.0
0–

1.
22
)

fo
r
in
ci
de
nt

C
H
D
,a
nd

1.
21

(1
.0
6–

1.
39
)
fo
r
is
ch
em

ic
st
ro
ke
s
in

A
fr
ic
an

A
m
er
ic
an
s.
Fo
r
C
au
ca
si
an
s,

th
e
re
sp
ec
ti
ve

H
R
s
(9
5%

C
Is
)
w
er
e

1.
09

(1
.0
4–

1.
15
),
1.
10

(1
.0
5–

1.
16
),

an
d
1.
07

(0
.9
7–

1.
19
).
Q
ui
nt
ile

an
al
ys
es

sh
ow

ed
th
at

ri
sk

fo
r

in
ci
de
nt

C
V
D

w
as

gr
ad
ed

bu
t

st
at
is
ti
ca
lly

si
gn
ifi
ca
nt

on
ly
fo
r
th
e

hi
gh
es
t
co
m
pa
re
d
w
it
h
th
e
lo
w
es
t

qu
in
ti
le
(H

R
[9
5%

C
I]
1.
35

[1
.0
6–

1.
74
]
fo
r
A
fr
ic
an

A
m
er
ic
an
s;

H
R
1.
27

[1
.1
0–

1.
47
]
fo
r

C
au
ca
si
an
s)

T
si
m
ik
as

et
al
.

(2
01
5)

A
nt
is
en
se

th
er
ap
y
ta
rg
et
in
g

ap
ol
ip
op
ro
te
in
(a
):
a

ra
nd

om
is
ed
,d

ou
bl
e-
bl
in
d,

pl
ac
eb
o-
co
nt
ro
lle
d
ph
as
e
1

st
ud
y

H
ea
lth

y
et
hn

ic
al
ly
he
te
ro
ge
ne
ou
s

ad
ul
ts
(6
0%

w
hi
te

17
%

bl
ac
k,
15
%

A
si
an
,6

%
O
th
er
)
ag
ed

18
–6

5
ye
ar
s,
w
it
h
bo
dy
-m

as
s
in
de
x

(B
M
I)
le
ss
th
an

32
.0
kg
/m

2
an
d

L
p(
a)

co
nc
en
tr
at
io
n
of

25
nm

ol
/l

(1
00

m
g/
l)
or

m
or
e

Si
ng
le
su
bc
ut
an
eo
us

in
je
ct
io
n
of

IS
IS
-

A
PO

(a
)R
x
(5
0
m
g,
10
0
m
g,

20
0
m
g,
or

40
0
m
g)

or
pl
ac
eb
o

(3
:1
)
in

th
e
si
ng
le
-d
os
e
pa
rt
of

th
e

st
ud
y
or

to
re
ce
iv
e
si
x
su
bc
ut
an
eo
us

in
je
ct
io
ns

of
IS
IS
-

A
PO

(a
)R
x
(1
00

m
g,
20
0
m
g,
or

30
0
m
g,
fo
r
a
to
ta
ld
os
e
ex
po
su
re
of

60
0
m
g,
12
00

m
g,
or

18
00

m
g)

or
pl
ac
eb
o
(4
:1
)
du
ri
ng

a
4-
w
ee
k

pe
ri
od

in
th
e
m
ul
ti
-d
os
e
pa
rt
of

th
e

st
ud
y

L
p(
a)

le
ve
l

W
he
re
as

si
ng
le
do
se
s
of

IS
IS
-

A
PO

(a
)R
x
(5
0–

40
0
m
g)

di
d
no
t

de
cr
ea
se

L
p(
a)

co
nc
en
tr
at
io
ns

at
da
y
30
,s
ix
do
se
s
of

IS
IS
-

A
PO

(a
)R
x
(1
00
–3

00
m
g)

re
su
lte
d

in
do
se
-d
ep
en
de
nt
,m

ea
n

pe
rc
en
ta
ge

de
cr
ea
se
s
in

pl
as
m
a

L
p(
a)

co
nc
en
tr
at
io
n
of

39
.6
%
fr
om

ba
se
lin

e
in

th
e
10
0
m
g
gr
ou
p

(p
=
0.
00
5)
,5

9.
0%

in
th
e
20
0
m
g

gr
ou
p
(p

=
0.
00
1)
,a
nd

77
.8
%

in
th
e
30
0
m
g
gr
ou
p
(p

=
0.
00
1)
.

Si
m
ila
r
re
du
ct
io
ns

w
er
e
ob
se
rv
ed

in
th
e
am

ou
nt

of
ox
id
iz
ed

ph
os
ph
ol
ip
id
s
as
so
ci
at
ed

w
it
h

ap
ol
ip
op
ro
te
in

B
-1
00

an
d

ap
ol
ip
op
ro
te
in
(a
)

278 Cardiol Ther (2020) 9:275–292



T
a
b
le
1

co
n
ti
n
u
ed

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

O
’D
on
og
hu
e

et
al
.2

01
9

L
ip
op
ro
te
in
(a
),
PC

SK
9

in
hi
bi
ti
on
,a
nd

ca
rd
io
va
sc
ul
ar

ri
sk

27
,5
64

pa
ti
en
ts
(7
8%

w
hi
te
)
be
tw
ee
n

40
an
d
85

ye
ar
s
of

ag
e
w
ho

ha
d

es
ta
bl
is
he
d
at
he
ro
sc
le
ro
ti
c
C
V

di
se
as
e,
de
te
rm

in
ed

by
a
pr
io
r

m
yo
ca
rd
ia
l
in
fa
rc
ti
on

(M
I)
,p

ri
or

no
nh

em
or
rh
ag
ic
st
ro
ke
,o

r
sy
m
pt
om

at
ic
pe
ri
ph
er
al
ar
te
ry

di
se
as
e,
in

ad
di
ti
on

to
pr
ed
ic
to
rs
of

hi
gh

C
V
ri
sk
.N

o
en
tr
y
cr
it
er
ia
fo
r

L
p(
a)

R
an
do
m
iz
ed

do
ub
le
-b
lin

d
co
nt
ro
lle
d

tr
ia
l
of

ev
ol
oc
um

ab
ve
rs
us

pl
ac
eb
o

C
or
on
ar
y
he
ar
t
di
se
as
e
de
at
h,

m
yo
ca
rd
ia
l
in
fa
rc
ti
on
,o

r
ur
ge
nt

re
va
sc
ul
ar
iz
at
io
n;

L
p(
a)

re
du
ct
io
n

A
t
48

w
ee
ks
,e
vo
lo
cu
m
ab

si
gn
ifi
ca
nt
ly

re
du
ce
d
L
p(
a)

by
a
m
ed
ia
n

(i
nt
er
qu
ar
ti
le
ra
ng
e)

of
26
.9
%

(6
.2
–4

6.
7%

).
E
vo
lo
cu
m
ab

re
du
ce
d

th
e
ri
sk

of
co
ro
na
ry

he
ar
t
di
se
as
e

de
at
h,

m
yo
ca
rd
ia
l
in
fa
rc
ti
on
,o

r
ur
ge
nt

re
va
sc
ul
ar
iz
at
io
n
by

23
%

(h
az
ar
d
ra
ti
o,

0.
77
;
95
%

C
I,

0.
67
–0

.8
8)

in
pa
ti
en
ts
w
it
h
a

ba
se
lin

e
L
p(
a)
[

m
ed
ia
n,

an
d
by

7%
(h
az
ar
d
ra
ti
o,

0.
93
;
95
%

C
I,

0.
80
–1

.0
8;
P
in
te
ra
ct
io
n
=
0.
07
)
in

th
os
e
B

m
ed
ia
n

T
si
m
ik
as

et
al
.2

01
9

St
at
in

th
er
ap
y
in
cr
ea
se
s

lip
op
ro
te
in
(a
)
le
ve
ls

Si
x
ra
nd

om
iz
ed

tr
ia
ls
(M

ir
ac
le
,

C
hi
ld
re
n
w
it
h
FH

,A
st
ro
no
m
er
,

Pr
ov
e-
It
,R

ev
er
sa
l,
V
is
io
n)

w
it
h
a

to
ta
l
of

52
56

pa
ti
en
ts

Su
bj
ec
t-
le
ve
l
m
et
a-
an
al
ys
is

C
ha
ng
e
in

L
p(
a)

le
ve
l

In
th
e
st
at
in
-v
s.-
pl
ac
eb
o
po
ol
ed

an
al
ys
is
,t
he

ra
ti
o
of

ge
om

et
ri
c

m
ea
ns

[9
5%

co
nfi

de
nc
e
in
te
rv
al

(C
I)
]
fo
r
st
at
in

to
pl
ac
eb
o
is
1.
11

(1
.0
7–

1.
14
)
(p
\

0.
00
01
),
w
it
h

ra
ti
o
[

1
in
di
ca
ti
ng

a
hi
gh
er

in
cr
ea
se

in
L
p(
a)

fr
om

ba
se
lin

e
in

st
at
in

vs
.p

la
ce
bo
.T

he
m
ea
n

pe
rc
en
t
ch
an
ge

fr
om

ba
se
lin

e
ra
ng
ed

fr
om

8.
5%

to
19
.6
%

in
th
e

st
at
in

gr
ou
ps

an
d
-

0.
4%

to
-

2.
3%

in
th
e
pl
ac
eb
o
gr
ou
ps
.I
n
th
e

st
at
in
-v
s.-
st
at
in

po
ol
ed

an
al
ys
is
,t
he

ra
ti
o
of

ge
om

et
ri
c
m
ea
ns

(9
5%

C
I)

fo
r
at
or
va
st
at
in

to
pr
av
as
ta
ti
n
is

1.
09

(1
.0
5–

1.
14
)
(p
\

0.
00
01
).

T
he

m
ea
n
pe
rc
en
t
ch
an
ge

fr
om

ba
se
lin

e
ra
ng
ed

fr
om

11
.6
%

to
20
.4
%

in
th
e
pr
av
as
ta
ti
n
gr
ou
p
an
d

18
.7
%

to
24
.2
%

in
th
e
at
or
va
st
at
in

gr
ou
p.

In
cu
ba
ti
on

of
H
ep
G
2

he
pa
to
cy
te
s
w
it
h
at
or
va
st
at
in

sh
ow

ed
an

in
cr
ea
se

in
ex
pr
es
si
on

of
L
PA

m
R
N
A
an
d

ap
ol
ip
op
ro
te
in
(a
)
pr
ot
ei
n

Cardiol Ther (2020) 9:275–292 279



T
a
b
le
1

co
n
ti
n
u
ed

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

G
ud
bj
ar
ts
so
n

et
al
.

(2
01
9)

[3
1]

L
ip
op
ro
te
in
(a
)
co
nc
en
tr
at
io
n

an
d
ri
sk
s
of

ca
rd
io
va
sc
ul
ar

di
se
as
e
an
d
di
ab
et
es

14
3,
08
7
Ic
el
an
de
rs
w
it
h
ge
ne
ti
c

in
fo
rm

at
io
n,

in
cl
ud
in
g
17
,7
15

w
it
h

co
ro
na
ry

ar
te
ry

di
se
as
e
(C

A
D
)
an
d

87
34

w
it
h
T
2D

M
en
de
lia
n
ra
nd

om
iz
at
io
n;

T
hi
s
st
ud
y

us
ed

m
ea
su
re
d
an
d
ge
ne
ti
ca
lly

im
pu
te
d
L
p(
a)

m
ol
ar

co
nc
en
tr
at
io
n,

kr
in
gl
e
IV

ty
pe

2
(K

IV
-2
)
re
pe
at
s
(w
hi
ch

de
te
rm

in
e

ap
o(
a)

si
ze
),
an
d
a
sp
lic
e
va
ri
an
t
in

L
PA

as
so
ci
at
ed

w
it
h
sm

al
l

ap
o(
a)

bu
t
lo
w
L
p(
a)

m
ol
ar

co
nc
en
tr
at
io
n
to

di
se
nt
an
gl
e
th
e

re
la
ti
on
sh
ip

be
tw
ee
n
L
p(
a)

an
d

ca
rd
io
va
sc
ul
ar

ri
sk

C
ar
di
ov
as
cu
la
r
di
se
as
e

in
ci
de
nc
e
an
d
pr
ev
al
en
ce
;

in
ci
de
nt

an
d
pr
ev
al
en
t

ty
pe

2
di
ab
et
es

m
el
lit
us

L
p(
a)

m
ol
ar

co
nc
en
tr
at
io
n
w
as

as
so
ci
at
ed

do
se
-d
ep
en
de
nt
ly
w
it
h

C
A
D

ri
sk
,p
er
ip
he
ra
la
rt
er
y
di
se
as
e,

ao
rt
ic
va
lv
e
st
en
os
is
,h

ea
rt
fa
ilu
re
,

an
d
lif
es
pa
n.

L
p(
a)

m
ol
ar

co
nc
en
tr
at
io
n
fu
lly

ex
pl
ai
ne
d
th
e

L
p(
a)

as
so
ci
at
io
n
w
it
h
C
A
D
,a
nd

th
er
e
w
as

no
re
si
du
al
as
so
ci
at
io
n

w
it
h
ap
o(
a)

si
ze
.H

om
oz
yg
ou
s

ca
rr
ie
rs
of

lo
ss
-o
f-
fu
nc
ti
on

m
ut
at
io
ns

ha
d
lit
tle

or
no

L
p(
a)

an
d
in
cr
ea
se
d
th
e
ri
sk

of
T
2D

L
an
gs
te
d
et
al
.

(2
01
9)

[2
9]

H
ig
h
lip
op
ro
te
in
(a
)
an
d
hi
gh

ri
sk

of
m
or
ta
lit
y

D
an
is
h
ge
ne
ra
l
po
pu
la
ti
on
,o

f
w
hi
ch

69
,7
64

ha
d
in
fo
rm

at
io
n
on

lip
op
ro
te
in
(a
)
co
nc
en
tr
at
io
ns
,

98
,8
10

on
L
PA

kr
in
gl
e-
IV

ty
pe

2
(K

IV
-2
)
nu

m
be
r
of

re
pe
at
s,
an
d

11
9,
09
4
on

L
PA

rs
10
45
58
72

ge
no
ty
pe

M
en
de
lia
n
ra
nd

om
iz
at
io
n
of

L
p(
a)

al
le
le
an
d
se
ru
m

co
nc
en
tr
at
io
n

C
ar
di
ov
as
cu
la
r
an
d
al
l-c
au
se

m
or
ta
lit
y

O
bs
er
va
ti
on
al
ly
,

lip
op
ro
te
in
(a
)[

93
m
g/
dl

(1
99

nm
ol
/l
;
96
th
-1
00
th

pe
rc
en
ti
le
s)
vs
.\

10
m
g/
dl

(1
8
nm

ol
/l
;
1s
t-
50
th

pe
rc
en
ti
le
s)

w
er
e
as
so
ci
at
ed

w
it
h
a
ha
za
rd

ra
ti
o

of
1.
50

(9
5%

co
nfi

de
nc
e
in
te
rv
al

1.
28
–1

.7
6)

fo
r
ca
rd
io
va
sc
ul
ar

m
or
ta
lit
y
an
d
of

1.
20

(1
.1
0–

1.
30
)

fo
r
al
l-c
au
se

m
or
ta
lit
y.
T
he

m
ed
ia
n

su
rv
iv
al
fo
r
in
di
vi
du
al
s
w
it
h

lip
op
ro
te
in
(a
)[

93
m
g/
dl

(1
99

nm
ol
/l
;
96
th
-1
00
th

pe
rc
en
ti
le
s)
an
d
B

93
m
g/
dl

(1
99

nm
ol
/l
;
1s
t-
95
th

pe
rc
en
ti
le
s)

w
er
e
83
.9

an
d
85
.1

ye
ar
s
(l
og

ra
nk

P
=
0.
00
5)
.F

or
ca
rd
io
va
sc
ul
ar

m
or
ta
lit
y,
a
50

m
g/
dl
(1
05

nm
ol
/l
)

in
cr
ea
se
in

lip
op
ro
te
in
(a
)
le
ve
ls
w
as

as
so
ci
at
ed

ob
se
rv
at
io
na
lly

w
it
h
a

ha
za
rd

ra
ti
o
of

1.
16

(1
.0
9–

1.
23
),

an
d
ge
ne
ti
ca
lly

w
it
h
ri
sk

ra
ti
os

of
1.
23

(1
.0
8-
1.
41
)
ba
se
d
on

L
PA

K
IV
2
an
d
of

0.
98

(0
.8
8–

1.
09
)

ba
se
d
on

L
PA

rs
10
45
58
72
.F

or
al
l-

ca
us
e
m
or
ta
lit
y,
co
rr
es
po
nd

in
g

va
lu
es

w
er
e
1.
05

(1
.0
1–

1.
09
),
1.
10

(1
.0
4–

1.
18
),
an
d
0.
97

(0
.9
2–

1.
02
),

re
sp
ec
ti
ve
ly

280 Cardiol Ther (2020) 9:275–292



T
a
b
le
1

co
n
ti
n
u
ed

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

L
an
gs
te
d
et
al
.

20
19

E
le
va
te
d
lip
op
ro
te
in
(a
)
an
d
ri
sk

of
is
ch
em

ic
st
ro
ke

49
,6
99

in
di
vi
du
al
s
fr
om

th
e

C
op
en
ha
ge
n
G
en
er
al
Po

pu
la
ti
on

St
ud
y
an
d
10
,8
13

in
di
vi
du
al
s
fr
om

th
e
C
op
en
ha
ge
n
C
it
y
H
ea
rt
St
ud
y

w
it
h
m
ea
su
re
m
en
ts
of

pl
as
m
a

lip
op
ro
te
in
(a
),
L
PA

kr
in
gl
e-
IV

ty
pe

2
nu

m
be
r
of

re
pe
at
s,
an
d
L
PA

rs
10
45
58
72

M
en
de
lia
n
ra
nd

om
iz
at
io
n
of

L
p(
a)

al
le
le
an
d
se
ru
m

co
nc
en
tr
at
io
n

Is
ch
em

ic
st
ro
ke

C
om

pa
re
d
w
it
h
in
di
vi
du
al
s
w
it
h

lip
op
ro
te
in
(a
)
le
ve
ls
\

10
m
g/
dl

(\
18

nm
ol
/l
:
fir
st
to

50
th

pe
rc
en
ti
le
),
th
e
m
ul
ti
va
ri
ab
le
-

ad
ju
st
ed

ha
za
rd

ra
ti
o
fo
r
is
ch
em

ic
st
ro
ke

w
as

1.
60

(9
5%

co
nfi

de
nc
e

in
te
rv
al
[C

I]
:1
.2
4
to

2.
05
)
fo
r

in
di
vi
du
al
s
w
it
h

lip
op
ro
te
in
(a
)
le
ve
ls
[

93
m
g/
dl

([
19
9
nm

ol
/l
:
96
th

to
10
0t
h

pe
rc
en
ti
le
).
In

ob
se
rv
at
io
na
l

an
al
ys
es
fo
r
a
50

m
g/
dl
(1
05

nm
ol
/

l)
hi
gh
er

lip
op
ro
te
in
(a
)
le
ve
l
th
e

ag
e-

an
d
se
x-
ad
ju
st
ed

ha
za
rd

ra
ti
o

fo
r
is
ch
em

ic
st
ro
ke

w
as

1.
20

(9
5%

C
I:
1.
13

to
1.
28
),
w
hi
le
th
e

co
rr
es
po
nd

in
g
ag
e-
an
d
se
x-
ad
ju
st
ed

ge
ne
ti
c
ca
us
al
ri
sk

ra
ti
o
fo
r
K
IV
-2

nu
m
be
r
of

re
pe
at
s
w
as

1.
20

(9
5%

C
I:
1.
02

to
1.
43
)
an
d
fo
r

rs
10
45
58
72

w
as

1.
27

(9
5%

C
I:

1.
06

to
1.
51
).
T
he

hi
gh
es
t
ab
so
lu
te

10
-y
ea
r
ri
sk

of
is
ch
em

ic
st
ro
ke

w
as

17
%

in
ac
ti
ve

sm
ok
in
g

in
di
vi
du
al
s[

70
ye
ar
s
of

ag
e
w
it
h

hy
pe
rt
en
si
on

an
d

lip
op
ro
te
in
(a
)
le
ve
ls
[

93
m
g/
dl

([
19
9
nm

ol
/l
:
96
th

to
10
0t
h

pe
rc
en
ti
le
)

Cardiol Ther (2020) 9:275–292 281



T
a
b
le
1

co
n
ti
n
u
ed

A
ut
ho

rs
an
d

ye
ar

T
it
le

St
ud

y
po

pu
la
ti
on

M
ai
n
in
te
rv
en
ti
on

E
nd

po
in
ts

R
es
ul
ts

B
it
tn
er

et
al
.

(2
02
0)

[6
9]

E
ff
ec
t
of

al
ir
oc
um

ab
on

lip
op
ro
te
in
(a
)
an
d

ca
rd
io
va
sc
ul
ar

ri
sk

af
te
r

ac
ut
e
co
ro
na
ry

sy
nd

ro
m
e

18
,9
24

(1
5,
02
4
w
hi
te
,4
73

bl
ac
k,
24
98

A
si
an
)
pa
ti
en
ts
ag
e
40

ye
ar
s
or

ol
de
r
w
ho

ex
pe
ri
en
ce
d
an

A
C
S

1–
12

m
on
th
s
be
fo
re

ra
nd

om
iz
at
io
n
an
d
w
ho

ha
d
a

L
D
L
-C

le
ve
l
of

C
70

m
g/
dl

(1
.8
1
m
m
ol
/l
),
no
n-
hi
gh
-

de
ns
it
y
lip
op
ro
te
in

ch
ol
es
te
ro
l

(n
on
-H

D
L
-C
)
le
ve
l
of

C
10
0
m
g/

dl
(2
.5
9
m
m
ol
/l
),
or

an
ap
ol
ip
op
ro
te
in

B
le
ve
l

of
C

80
m
g/
dl

on
hi
gh
-in

te
ns
it
y

st
at
in

th
er
ap
y

A
pr
e-
sp
ec
ifi
ed

an
al
ys
is
of

th
e
pl
ac
eb
o-

co
nt
ro
lle
d
O
D
Y
SS
E
Y
O
ut
co
m
es

tr
ia
l
in

pa
ti
en
ts
w
it
h
re
ce
nt

ac
ut
e

co
ro
na
ry

sy
nd

ro
m
e
(A
C
S)

de
te
rm

in
ed

w
he
th
er

al
ir
oc
um

ab
-

in
du
ce
d
ch
an
ge
s
in

lip
op
ro
te
in
(a
)
an
d
L
D
L
-C

in
de
pe
nd

en
tly

pr
ed
ic
te
d
m
aj
or

ad
ve
rs
e
ca
rd
io
va
sc
ul
ar

ev
en
ts

(M
A
C
E
)

C
om

po
si
te

of
co
ro
na
ry

he
ar
t

di
se
as
e
de
at
h,

no
nf
at
al

m
yo
ca
rd
ia
li
nf
ar
ct
io
n,

fa
ta
l

or
no
nf
at
al
is
ch
em

ic
st
ro
ke
,o

r
un

st
ab
le
an
gi
na

th
at

re
qu
ir
ed

ho
sp
it
al
iz
at
io
n

A
lir
oc
um

ab
-in

du
ce
d
re
du
ct
io
ns

of
lip
op
ro
te
in
(a
)
an
d
co
rr
ec
te
d
L
D
L
-

C
in
de
pe
nd

en
tly

pr
ed
ic
te
d
lo
w
er

ri
sk

of
M
A
C
E
,a
ft
er
ad
ju
st
m
en
t
fo
r

ba
se
lin

e
co
nc
en
tr
at
io
ns

of
bo
th

lip
op
ro
te
in
s
an
d
de
m
og
ra
ph
ic
an
d

cl
in
ic
al
ch
ar
ac
te
ri
st
ic
s.
A
1-
m
g/
dl

re
du
ct
io
n
in

lip
op
ro
te
in
(a
)
w
it
h

al
ir
oc
um

ab
w
as

as
so
ci
at
ed

w
it
h
a

H
R
of

0.
99
4
(9
5%

C
I

0.
99
0–

0.
99
9;

p
=
0.
00
81
).
B
as
el
in
e

lip
op
ro
te
in
(a
)
le
ve
ls
(m

ed
ia
n:

21
.2
m
g/
dl
;
in
te
rq
ua
rt
ile

ra
ng
e

[I
Q
R
]:
6.
7–

59
.6
m
g/
dl
)
an
d
L
D
L
-

C
[c
or
re
ct
ed

fo
r
ch
ol
es
te
ro
l

co
nt
en
t
in

lip
op
ro
te
in
(a
)]

pr
ed
ic
te
d
M
A
C
E
.A

lir
oc
um

ab
re
du
ce
d
lip
op
ro
te
in
(a
)
by

5.
0
m
g/

dl
(I
Q
R
:
0–

13
.5
m
g/
dl
),
co
rr
ec
te
d

L
D
L
-C

by
51
.1
m
g/
dl

(I
Q
R
:

33
.7
–6

7.
2
m
g/
dl
),
an
d
re
du
ce
d
th
e

ri
sk

of
M
A
C
E
(h
az
ar
d
ra
ti
o
[H

R
]:

0.
85
;
95
%

co
nfi

de
nc
e
in
te
rv
al
[C

I]
0.
78
–0

.9
3)

282 Cardiol Ther (2020) 9:275–292



strong association between elevated Lp(a) and
coronary artery disease, stroke, and aortic
stenosis, which will be explored in the follow-
ing section.

Studies on Lp(a) have leveraged longitudinal
data the Copenhagen City Heart Study (CCHS),
the Copenhagen General Population Study
(CGPS), and the Copenhagen Ischemic Heart
Disease Study (CIDHS). All studies contained
genetic as well as outcomes data. These studies
employ Mendelian randomization, an epi-
demiological method that uses the independent
assortment of risk alleles as a randomization
event to estimate the association between a
genetic profile and a clinical outcome of interest
[26]. Mendelian randomization studies are not
able to determine a causal relationship between
a gene and a clinical outcome in the same way
that randomized controlled trials can, but they
can be stronger than normal observational
studies at determining causation if the risk allele
that is studied is not confounded by linkage
disequilibrium or population stratification [27].
In the aforementioned Danish studies, the
population in question was ethnically
homogenous (i.e., no population stratification
effects) and LPA, the gene under study, is not
known to be in linkage disequilibrium with any
other genes, though this possibility can rarely
be excluded.

Coronary Artery Disease
In the Lipid Research Clinics Coronary Primary
Prevention Trial, Lp(a) was demonstrated
prospectively to be 21% higher in white men
who went on to develop coronary heart disease
over the 7–10-year follow-up period [28]. The
elevation in Lp(a) remained significant after
controlling for age, body mass index, cigarette
smoking, blood pressure, LDL cholesterol level,
and HDL cholesterol level, but not after con-
trolling for treatment with cholestyramine vs.
placebo.

One study using the CCHS, CGPS, and
CIDHS populations found a hazard ratio of 1.2
for all-cause mortality and 1.5 for cardiovascular
mortality in subjects with greater than the 96th
percentile of Lp(a) serum concentration com-
pared to those with less than the 10th percentile
of Lp(a) [29].

The CCHS, CGPS, and CIDHS study popula-
tions were also analyzed to evaluate the impact
of secondary prevention in subjects with a his-
tory of CAD. Major adverse cardiovascular
events (MACE) incidence ratios were propor-
tional to the Lp(a) concentration. The
researchers estimated that a 20% reduction in
MACE could be achieved by lowering Lp(a) by
50 mg/dl for 5 years and a 40% reduction in
MACE achieved by lowering Lp(a) my 99 mg/dl
for 5 years [30].

In a case control Mendelian randomization
study of Lp(a) in 143,000 Icelanders, several
deleterious effects were demonstrated. A
50 nmol/l increase in Lp(a) concentration was
associated with a 0.22–0.27-year reduction in
life expectancy. The same 50 nmol/l Lp(a) in-
crease was associated with odds ratios of 1.16 for
CAD, 1.27 for coronary artery bypass grafting,
1.18 for MI, 1.16 for peripheral arterial disease,
and 1.05 for heart failure [31].

Elevations in Lp(a) are associated with unfa-
vorable outcomes after percutaneous interven-
tion (PCI). As an acute-phase reactant, Lp(a) has
been demonstrated to increase rapidly after PCI
before resolving to baseline in 1–2 days [32]. In
patients who have comorbid chronic kidney
disease or diabetes, Lp(a) was independently
associated with worse outcomes after PCI
[33, 34].

The role of Lp(a) in secondary prevention of
CVD remains unclear. A combination study of
over 25,000 patients demonstrated an odds
ratio of 1.40 for cardiovascular events in
patients with CVD and the highest quantile of
Lp(a), a relationship that remained significant
when patients had LDL[ 130 mg/dl but not
when below this threshold [35].

Stroke
In the CCHS, CGPS, and CIDHS populations,
subjects with greater than 96th percentile of
Lp(a) concentration ([ 93 mg/dl or 199 nmol/l)
had an HR of 1.6 for ischemic stroke when
compared to subjects with less than the median
Lp(a) concentration (\10 mg/dl or 18 nmol/l)
with the highest risks in patients above the age
of 70 who smoked or had hypertension [36].
There was a graded relationship between
Lp(a) concentration and MI risk, with an HR
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ranging from 1.2 at the 66th percentile to 2.6 at
greater than the 95th percentile [37]. In both
the CCHS and CGPS, the number of kringle IV
type 2 (KIV2) repeats was inversely correlated
with Lp(a) levels. In the CCHS, the HR for MI
was 1.5, 1.3, and 1.1 in the first, second, and
third quartiles of KIV2 compared to the fourth
quartile, and similar results were seen in the
CGPS and CIDHS [37]. These results suggest a
causal relationship between Lp(a) elevation and
increased CVD risk in a Caucasian population.

The Icelandic study mentioned in the previ-
ous section noted an HR of 1.03 for stroke for a
50 nmol/l increase in Lp(a). These associations
were similar for the inverse of number of KIV2
repeats but lost significance when controlling
for Lp(a) concentration, suggesting the greater
role of absolute concentration and not particle
size in pathogenicity [31].

The 2011 American Heart Association/
American Stroke Association guidelines do not
recommend screening for Lp(a) for primary
prevention of strokes unless the patient has
unexplained early cardiovascular events in first-
degree relatives or high Lp(a) is known to be
present in first-degree relatives [38]. The 2014
guidelines do not mention screening for Lp(a),
although they do recommend considering nia-
cin in the treatment of Lp(a) elevations, a
treatment which has since fallen out of favor, as
discussed below [39].

Aortic Stenosis
In two prospective cohort studies evaluating the
role of Lp(a) in primary prevention of aortic
stenosis, researchers estimated that lowering
Lp(a) among the top quintile of the population
could prevent one in seven cases of aortic
stenosis, while targeting the top 10% could
prevent one in 12 aortic stenosis cases [40].

The Cohorts for Heart Aging Research in
Genomic Epidemiology (CHARGE) consortium
performed a genome-wide association study to
identify genes associated with the presence of
aortic calcification identified on CT scanning
and found that the LPA gene was associated
with aortic valve calcification, incident aortic
stenosis, and aortic valve replacement [41]. In
the Icelandic Mendelian randomization study, a

50 nmol/l increase in Lp(a) was associated with
a hazard ratio of 1.17 for aortic stenosis [31].

In patients with aortic stenosis, patients in
the top tertile of Lp(a) had increased valve cal-
cification at baseline and experienced faster
progression of valvular calcium scores com-
pared with lower tertiles [42].

Racial Differences in Lp(a) Levels
and Pathogenicity

Persons of African and South Asian descent have
higher mean Lp(a) levels [43–45]. In African
Americans, Lp(a) displays a bell-shaped fre-
quency distribution around the median and
mean [46]. By contrast, the distribution of
Lp(a) concentrations in Caucasians is skewed,
with the mean value exceeding the median due
to a small number of individuals with very high
Lp(a) levels [3, 47]. In theCharlestonHeart Study
cohort, elderly African-American men demon-
strated a more skewed distribution of Lp(a) con-
centration frequencies, resembling that of the
white cohort participants [48]. Thus itmaybe the
case that Lp(a) decreases as African Americans
ageor that thosewithelevatedLp(a) are less likely
to survive to the 7th, 8th, or 9th generation.

Even at young ages, African-American chil-
dren have Lp(a) levels that are 1.7 times that of
white children [49]. While white children with
parental history of MI were more likely to have
Lp(a) greater than 25 mg/dl compared to those
without parental MI, African-American children
did not display a similar pattern, suggesting a
different risk profile associated with elevated
Lp(a) in African Americans [49]. Indeed, the
Multiethnic Study of Atherosclerosis demon-
strated a significant relationship between
Lp(a) and carotid atherosclerosis for whites, but
was equivocal for Hispanics and not significant
for African Americans [50].

African Americans have been demonstrated
to have favorable total cholesterol and triglyc-
eride profiles compared to Caucasians despite
Lp(a) levels that were 2.2 times greater than
levels seen in Caucasians [45]. When comparing
overweight and obese prediabetic African-
American and Caucasian women, African-
American women were found to have higher
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HDL and ApoA1 and lower VLDL but they also
had higher CVD mortality than their Caucasian
counterparts [51].

The contribution of the apo(a) allele fre-
quencies to Lp(a) levels varies by ethnicity.
Ghanaians with the same apo(a) allele poly-
morphs as Germans still had up to a three-fold
increased Lp(a) serum concentration than their
German counterparts, and the difference in
expression was especially pronounced in
patients who had high molecular weight poly-
morphs [52]. The Coronary Artery Risk Devel-
opment in Young Adults (CARDIA) trial, a
prospective longitudinal epidemiological study
of African-American and Caucasian subjects,
demonstrated that at very high molecular
weights of apo(a), both groups had low
Lp(a) levels. By contrast, there was significant
difference in Lp(a) in African Americans and
Caucasians who had intermediate size isoforms,
with African Americans expressing a wider dis-
tribution of Lp(a) serum concentrations than
Caucasians [53]. The SNP rs9457951 was
strongly associated with variation in Lp(a) level
in African Americans in the Jackson Heart Study
and was confirmed to be influential in the
Dallas Heart Study. Of note, this difference was
not demonstrated to have an association with
increased cardiovascular mortality [54].

In a post hoc analysis of the African Ameri-
cans and Caucasians in the Atherosclerosis Risk
in Communities (ARIC) study, it was demon-
strated that African Americans had a wider
interindividual distribution of Lp(a) concentra-
tions compared to Caucasians. For African
Americans, a race-specific 1-SD–greater log-
transformed Lp(a) was associated with a hazard
ratio of 1.13 for incident CVD, 1.11 for incident
CHD, and 1.21 for ischemic strokes. For Cau-
casians, the respective hazard ratios were 1.09,
1.10, and 1.07, with ischemic strokes not
reaching statistical significance [55].

A retrospective cohort study in East and
Southeast Asian populations residing in Cali-
fornia found that Indian Americans had higher
Lp(a) levels than non-Hispanic whites (36 vs.
29 nmol/l) and that Chinese Americans had the
lowest average Lp(a) level (22 nmol/l). There
was a trend toward greater burden of ischemic
heart disease in subjects with the highest

quintile of Lp(a) compared to the lowest quin-
tile, but this relationship was not significant
[43].

Monitoring Lp(a) in Clinical Practice

Unlike HDL, LDL, and triglycerides, Lp(a) is not
currently routinely measured in primary care
settings. The American College of Cardiology/
American Heart Association blood cholesterol
guidelines from 2018 consider Lp(a) C 50 mg/dl
or C 125 nmol/l to be a risk-enhancing factor
and recommend measuring Lp(a) in patients
who have a family history of premature
atherosclerotic cardiovascular disease (ASCVD)
or a personal history of ASCVD not explained
by major risk factors [56]. It is recommended to
screen Lp(a) levels in women with a history of
hypercholesterolemia, but there was minimal
improvement in cardiovascular mortality and
morbidity risk prediction in adult women with
total cholesterol less than 220 mg/dl [57].

One of the main barriers to studying and
treating Lp(a) is that measurement is not stan-
dardized. Results may vary depending on the
specific assay used due to the high degree of
polymorphism of Apo(a). Using a monoclonal
antibody against the highly variable KIV-2 epi-
tope yields an overestimation of molar con-
centration for larger Apo(a) molecules and
underestimates molar concentration in subjects
with smaller Apo(a) phenotypes [58].
A Lp(a) standardization group supported by the
World Health Organization and the Interna-
tional Federation of Clinical Chemistry was
established to evaluate the extant assays and
make recommendations regarding clinical
assessment of Lp(a). The group measured
Lp(a) serum concentrations using six different
assays, providing Lp(a) in mg/dl (Denka Seiken,
Abbott Quantia, Beckman, Diasys 21FS, and
Siemens N Latex) or in nmol/l (Roche Tina-
Quant, Diasys 21 FS). There was significant
variation between assays at the higher and
lower ends of Lp(a) concentration as well as
significant intra-assay variability, suggesting
that more work needs to be done to standardize
Lp(a) assessment across varying labs [59].
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Given that Apo(a) isoforms have highly
variable molecular weights depending on the
number of KIV-2 repeats, it has been suggested
that clinicians discontinue using mg/dl units in
favor of nmol/l [60]. This would have the added
benefit of encouraging further standardization
of assays and would align with prevailing evi-
dence that molar concentration is more pre-
dictive than volume measurements.

Therapeutics for Lp(a) Reduction

As noted, until recently, there were no drug
candidates to target Lp(a) reduction. Statins
have not been demonstrated to lower
Lp(a) levels. On the contrary, administration of
atorvastatin and pravastatin into hepatocytes
increased LPA mRNA by 1.5-fold in addition to
increasing synthesis of apo(a) [61] (Table 2).

Plasma lipid apheresis is demonstrated to be
quite effective at reducing Lp(a), but it also
reduces a broader array of lipids and lipopro-
teins [62, 63]. A German cohort study

demonstrated that plasma lipid apheresis
reduced MACE by 78% in the year after initia-
tion in assessing patients with combined ele-
vated triglycerides, LDL, and Lp(a) [64]. The
German cohort recommends lipid apheresis in
patients who have isolated Lp(a) elevations
greater than 60 mg/dl absent other lipid
derangements. In the UK, Lp(a) can be consid-
ered as an additional risk factor to be considered
in the initiation of lipid apheresis to treat ele-
vated LDL-C [62]. Lipid apheresis is limited in
its practicability due to the significant side-ef-
fect profile of fatigue, hypotension, and neuro-
hormonal dysregulation, and thus is only
recommended in the treatment of familial
hypercholesterolemia in the US, Japan, Aus-
tralia, and Spain [62].

Niacin has long been known to reduce
Lp(a) levels in addition to increasing HDL and
reducing LDL and triglycerides. The effect of
niacin on cardiovascular outcomes has been
called into question after large randomized
controlled trials failed to show any benefit. The

Table 2 Therapeutic approaches to reduce Lp(a)

Therapy Mechanism of action Effect size Side-effect profile Efficacy of reducing
CVD burden

Plasma apheresis Physical separation of lipid

fractions from plasma

through mechanical

forces

Up to 70% reduction

in Lp(a) level

Fatigue,

exsanguination,

hypotension

Difficult to assess due to

lack of controlled

studies; 78% in

German cohort study

Niacin Mechanism unknown Up to approximately

30% reduction in

Lp(a) level in

highest quintile

Flushing,

hyperglycemia,

hyperuricemia,

gastrointestinal

symptoms

No clinical benefit

demonstrated

Proprotein

convertase

subtilisin/kexin

9 (PCSK9)

inhibitors

Decreased production of

Apo(a) combined with

increased clearance of

LDL

26.9% reduction in

Lp(a) level

Injection site

reactions

CHD death, MI, or

urgent coronary

revascularization

reduced by 16%

Antisense

oligonucleotide

Recruitment of RNAse to

cleave targeted RNA

sequence, reducing

protein expression

80% reduction Injection site

reactions

Clinical trials ongoing to

determine efficacy
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Heart protection Study 2-Treatment of HDL to
Reduce the Incidence of Vascular Events (HPS2-
THRIVE) trial was a multicenter randomized
controlled trial of statin therapy plus either 2 g
of extended-release niacin plus 40 mg lar-
opiprant versus placebo in patients with vascu-
lar disease. While patients in the treatment arm
had higher HDL and lower LDL, they did not
experience a significant improvement in non-
fatal myocardial infarction, death from coro-
nary causes, stroke, or arterial revascularization
after a median follow-up of 3.9 years [65]. Sim-
ilar lipid profile changes would have been
expected to yield a 2% reduction in MACE
overall and a 6% reduction in MACE for the
highest quintile of Lp(a) [66]. Similarly, the
Atherothrombosis Intervention in Metabolic
Syndrome with Low HDL/High Triglycerides:
Impact on Global Health Outcomes (AIM-
HIGH) trial tested whether extended-release
niacin added to intensive statin therapy, as
compared with statin therapy alone, would
reduce the risk of cardiovascular events in
patients with established atherosclerotic car-
diovascular disease. The trial demonstrated that
while niacin did increase HDL by 7 mg/dl and
lower LDL by 12 mg/dl and triglycerides by
42 mg/dl, it did not have a significant impact on
the primary composite endpoint of death from
coronary heart disease, nonfatal myocardial
infarction, ischemic stroke, hospitalization for
an acute coronary syndrome, or symptom-dri-
ven coronary or cerebral revascularization [67].
The AIM-HIGH trial also showed high rates of
adverse side effects due to niacin, including the
typical flushing, itching, and raised blood glu-
cose in addition to more serious effects of
increased gastrointestinal symptoms and infec-
tions [68]. These studies combined have led
practitioners to cease prescribing niacin to
patients for primary cardiovascular disease
prevention.

Proprotein convertase subtilisin/kexin 9
(PCSK9) inhibitors have been demonstrated to
reduce Lp(a) levels. A pre-specified analysis of
the ODYSSEY outcomes trial of alirocumab in
18,924 patients 1–12 months after acute coro-
nary syndromes showed that PCSK9 inhibition
resulted in a 5 mg/dl reduction in Lp(a), a
51.1 mg/dl reduction in LDL-C, and a 15%

reduction in MACE [69]. After controlling for
the reduction in LDL-C, reducing Lp(a) by 1 mg/
dl was associated with a reduction in the hazard
ratio for MACE to 0.994 (95% CI 0.990–0.999,
p = 0.0081). This suggests that Lp(a) could serve
as an independent biomarker for cardiovascular
risk. The FOURIER (Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in
Subjects with Elevated Risk) trial measured
Lp(a) levels in 25,096 patients for a median
follow-up of 2.2 years and found that subjects
with fourth quartile Lp(a) had a hazard ratio of
1.22 for coronary heart disease death, myocar-
dial infarction, and urgent revascularization
compared to those in the first quartile. Evolo-
cumab was compared to placebo in the FOUR-
IER trial, and it was found to reduce coronary
heart disease death, myocardial infarction, or
urgent revascularization by 23% in patients
who had higher than median Lp(a) at baseline
and by 7% in patients who had less than med-
ian Lp(a) at baseline. The absolute reduction in
the composite endpoint was 2.49% and the
number needed to treat was 40 over 3 years [70].

Antisense oligonucleotides (ASO) are
sequences targeted to reduce expression of
specific RNA molecules. One such agent is
Mipomersen, an ASO targeted to B-100 that has
been demonstrated to reduce Lp(a) levels but is
not currently indicated for use outside of LDL
reduction [71]. Akcea Pharmaceuticals (formerly
Ionis Pharmaceuticals) has developed
Apo(a)LRx, an ASO targeted to hepatocytes via
conjugation with a triantennary N-acetylgalac-
tosamine (GalNAc3) moiety, a high-affinity
ligand for the asialoglycoprotein receptor on
the surface of hepatocytes, to reduce hepatic
synthesis of Lp(a). A randomized double-blin-
ded controlled phase I trial of efficacy demon-
strated that a single dose of the ASO did not
result in reductions in Lp(a) but six doses
reduced Lp(a) by 39–77% in a dose-dependent
manner [72]. The phase 2 trial in 286 patients
with cardiovascular disease demonstrated that
Apo(a)LRx reduced Lp(a) in a dose-dependent
manner, with the highest dose (20 mg every
week) reducing Lp(a) by 80% over 27 weeks. The
agent appears to be well tolerated, with no sig-
nificant derangements in liver or renal measures
and no reductions in platelet counts. The two
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deaths in the study were from a car accident and
suicide from previously diagnosed depression.

CONCLUSIONS

There have been no studies examining the role
of targeted reduction of Lp(a) in primary or
secondary prevention of cardiovascular disease.
The numerous Mendelian randomization stud-
ies noted above suggest a causal relationship
between elevated Lp(a) and increased cardio-
vascular disease—reverse causation is unlikely
due to the fact that CVD does not change a
subject’s genetic profile—but without a dedi-
cated trial it is not possible to say definitively
that Lp(a) is a risk factor in the same way that
elevated LDL or triglycerides are. Additionally,
until very recently, there were no drugs devel-
oped to specifically lower Lp(a), and thus dedi-
cated studies were not feasible. With the advent
of antisense oligonucleotide therapies to reduce
Lp(a) mRNA translation, it will be possible and
indeed necessary to determine if reducing
Lp(a) results in a reduction in cardiovascular
disease burden.

Lp(a) is an emerging biomarker thatmay offer
a promising target to reduce residual cardiovas-
cular risk. Lp(a) now has an increasing arma-
mentarium of treatment options available, and
thus now it is important to develop standardized
measurements of this biomarker in individuals
with family history of premature cardiovascular
disease or stroke. Patients of African descent in
particular stand to gain from increased awareness
of this highly atherogenic lipid fraction, and
health equity may be improved by concerted
effort on this front. Future studies will need to be
completed to evaluate the benefit of reducing
Lp(a) in primary and secondary prevention of
cardiovascular disease in an ethnically diverse
population.
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