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HIGHLIGHTS

# The candiovascular ridk conferved by lipopeotein(a) by determined by the Bpoproteinds] serum oomoentrathon.
# Serum lipoprotein{al levels should be measured In five sperific populacion groups
# Recommendations on the masagement of patioty with mised lipaprotein(a) levels (= 90 nmeld) ane discussed.

ARTICLE INFO

ABETRACT

Kol
Lipoproseingx)
Lyl

Lipdeh
Heygeiliphiemia
Cardbrsasiilar ridk
Wpacanial infacciion
Smrake

Lipoproteis(a], Lp(a), is & madiffed atherogenic low-density lipopeotein particle that comaiss agolipoprotedsdal.
fin bewele mre Bighly beritable and wariahle in the population. This consenves tacement by HEART UK |5 based on
the evidence that Lp{a) s s independmt candiowmoatar disesns (CVD] risk facter, prevides pecommendatioas
fowr irs messurement in clinkcal practice and reviews current snd emecping therapeulic strastegio o reduge CVI
glak. Tem statements summaris: the most salient points for practitioners and patients with high Lpla),

HEART UK sessmimedds thst Lpla) & memured in sdults as follovws: 1) theae with a personal or family history
of premature athercaclenstic GV 2] chede with Aew-degree relmives who have Lpla) levels = 200 mmaoldA; 3)
patiemis with familial hyperchalestomlemia; 4) patiests wilk ealcifie ponie valve siennsis and 5] thae with
torderline (but < 15%] 10-pear risk of & cardiovascular event, The management of patients with ralsed Lia)
levels should includes 1) reducing oversll atherosclerstic risk; 2) controlling dyslipidemda with o desirabls mon-
HDL-elssleaneral level of < 100 mgfdl (25 mmold) sed ¥) consideration of Hpoprotein aphereda,
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1. Background

Although Lipoproteinda) {Lp(a)) is row established as n cmusnl risk
lactar for cardiowascular dizease (CYD) [1-3], there s Bitle commermus
between the different national guidelines on how 1o use this nforme-
thon en Lpla) 40 more accurately estimate and modify casdiowascalar
risk [4,5). For instance, the 2002 Austrablan Guideline does nol msention
Lpia) [6]. Om the other hand, the 2019 Buropean Guldeline on CVD
prevention im clinlcal practice suggests measuring Lp{a) af least ance o
each adult person's lifetime”, The 2016 Canadisn Cardiovascular So-
clety Guideline alen adopts a similar spprosch [R]. The 2018 American
College of Cardlodogy/American Heast Aspsclation Guideline on blood
cholesterol defined Lp(a) ns a ‘rish-eshancing factor’, especially at
higher bevels of Lpla) (9], In part these differences in national stabe-
ments reflect, s schrowledged by the Natdonal Heart, Lung and Blood
Enstitute's Lpia) working greup, gaps in our knowledge of how Lpla)
mechandstically contribuies io CVD snd caleific acriic valve disease
[cavm [10],

The impartance af reducing Lp{a) assocated cardiowascular sk
requires & reappradanl for four miadn reasons: 1) genetic stodies have
demonstrated an wnequivacal srong link between genes associsted
with increased Lp(a) and cardiovascular risk [3,11,12] and & well as
the protective effect of LPA oull alleles or other strongly Lp{a)-de-
ereasing albeles and CVD risk [13,14]; 2) mew insights fnto Lp(a) assay
methodology sappet that macourste quantiindon of Lpin) hes Jed
hisesically 1o g enderestimation as a cardiovascular risk factor
[19,15) 3) Lpf{a) comtributes to aortic valve calclfcation [16-158] and
4) the emergence of effective therapies for redwcing Lpia) levels [19]. In
Ihiz statement we advocate more widespread clinical use of Lpda) dsn
1o refine assessment of cardiovascular risk (Table 1) based on it ae-
carsle and reliable meanmmement.

Lpia) 1= a LDL-ike particle, with a single apolipoprotein B100
{apolt), covalently linked by a disslphide bond to a single apolipoproe-
tein(a} {apofa)) (Fig. 1) The molecalar mass of spo(a) cen vary be-
twreen 2375 and B00kDa [20,21] due to the inheritance of = 40 different
allelic LPA variants encoding défferent nusnbers of kringle IV type 2
repeat sequences [n thiz polypeptide [22]. The mite of apela) syanibeits
amil secretbon U Inversely relsied io (s molecular mass, ard conse-
quently, Individuals who produce the Inwer molecular masi apola)
isoforms hawe higher serom Lpda) levels then those wise produce the
higher molecalar mass isofoeens [20,23,24), Indeed, this explains the
resulis of early genetic studbes which established that geram Lpa) levels
are predominandly genetically inherited in an awtossmal co-dominant
manner [20,21,25] and 1hat alleliz vaciation a1 the LPA botus s largely
respomsible for the wids, petentially as much as 1000-fold differences in
senzm Lpla) levels [12,26,27).

2. Epldeminlogy

I is M‘rl'htll-ﬂlhll.l'l-ld.l]‘numl.p[l] concentratlons and thelr
distribution vary with ethaicity and local population struchures. The
apofa)-siee aflele affects gevam Lpla) concentrations to different de-
gried o differest papulatioss, with one study reporting that the var.
{mticm in KIV-2 repeat namber scoounted for 63.2% of the total varis-
béliny En Lpda) levels in Caucasdans and just 38.6% In African Biscks
[28]. In Casucasiams, B0% of the populatiom have & seram Lp
() = 90 amold (40mgsdl] and the digtribotion = positively siewed
(121, bewever, people of African descent have levels twice as high as
Caucaxiang, Hizpanics and certain Asfan populations, whereas South
Asiang have intermediate levelds [1,29-32]. No sexspecific differenoes
im distributions of Lp{a) levels have previously been noted [33]. Hew-
ever, recent large shedies have ssgpested that womsesn have slightly
higher bevels than men [34-36].

Historically, progress in establishing the contribution of Lpla) &n
C¥D pathogenesis has been compromised by lsck of sandsndised
methods for measuring seram bevels of this stherogende lipopratels (e
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Table 1
Ten statements oo Lipopretein(a) feom HEART LK.

i, Eipopraaeirdal ia o irelepioadonl clik Factar bor cacfiovaculsr doene sed calribe
ik vilve Wdaedbi.

1. The candisvimcslar rik cosferred by lipoproinis) Ls detsrmdnedl by the
lipoproteinia] aerum stbaq W3-80 pavecil Y im0 200 il
maeirrate; 200-400 reneld] Bigh; = #00amol very high

1. Lpsprateieln] bech die precticallp determined wbk on suicasreal re-daminssi
e lines.

. Eevendury camse of high Speperoasina) gheall b seughit s, i gosillde,
correriedl

5. Regarding mesiis e
&) B Lipopiotelala) concentridions theold be meranresd walng o method where
the wifect of ieaform aiee ban Been minimiasd unlng sppeojrivie salilssdies with
culibratar coriified oo tracesBilicy of Lpa) vadissi 1o the WHOTROS eeference
rearsvisl
) Repiky shisikl b saprosed n ameld of Lpla) particea.
&) Cofreetsion of masi tnlis in malar ki or vice weres intred i Insccirsy il
&) Comrely aly samys baed on Desks peageald with calibeators traceable in
rerealL s WHOTPCE referese mniderdal can be recomemmded.
. Lipogrostinda) levils seed enly ke mewrened once, wniow u sersndary cwes B
utpeeied or specific treatrami 1o imliueed dn oodar o v lewehi,
T Serum Lipopmesin]s] ks ghoald b mestined 1o thoss with:
u} & g o family Watery #f peomatuce athenmclootic oands iar Siarme
1 60 years of aged
) et degree relatherd wwith raleed srem Lpda) bevels (> 300 pmol1)
ch familiad hyperchodewieroemds (FH), o0 ofier gaeile dydipademlan
dji culcifle martic valve ense
) & bosderiine inoreased (il « 15%) [Dywnic riik of o condiowasular syl
E. The masdgienal of patlents with rubied Bpoprodeinds] levels { > 53 nmald1)
iluraldl irsctuade:
af eedusing cverall afbavascheratic s
b} comiraling beapeidiphdessla
) oompideration o lpiproiels apheneiln s per the HEART UK Lipoprodein
gbereiis slalereeni [3E].
. in patients with rabed Lipog () bevvals | >+ 90 el /L, desirable moa-HDL-
chalmizral i < L0Zmgdl (2.5 memil AL
0. Fuooure widl rawde Do i i
&) Devetopment of tomumerolal uly beform inmmiilve saay
) tmndormiied, canfrodled ineenvemtianal iudier th websrively vt Ligajottn
) bn prémsry andl secordary prevestion of ASCYT
) ik rade ol srwiplatelen iherapy b pelmany pieventksm
£ Lipopronsnls) seferende anges in differend oibree o

*The 2005 ACCAAHA Clindcal Guideline Resommendntion Clanification Syutem
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Fig. 1. The struciure off Lipopeoieina).

The Lp(z) particle contains & single mokecule of apeds) and e 4538 smino scid
spoB 100 pelypeptide (blue ribben), wiich foms & ribbon and bow-like struc
ture arcusd the cholesteryl-ener core of the LOL component of this particle.
Apoin] containg 10 clanves {ooloured Talls) of kringle modules, designaced KIV-
1-10, KV and a preteare domain. The verlatde ramber of KIV-Z modules forma
the bash of the observed Isofonm siee bererogemsity of sgofa), whick may fm-
jpact on the non-covalent interactions berwess 1his mobeoubs asd spoll, There i
& disslphide boad forsted between a free cyibrine in KIV-3 and the apo@iloo
eysteing 4326,
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Measurermend of Lpla) sectlon below), with i consensus befng that
estimales bastd an these data underestinsated the imporance of Lp{a)
a3 a cardiovasoslar risk facter [15], In 2003, WHO accepted protocols
for standardisation of Lypfa) assaye, which now allows its more reliable
ipzintification, Altheagh there remain large differences bebween assays,
these protocads have reduced the bias caused by isoform stze of Lpda)
and have made within study comparisons more robust [15]. Hemce, in
the past decade there has been consolidation of the evidence that ele-
wled seram Lpda) is a risk factor for coronary beart disease (CHDY,
ischeemic stroke, peripberal ortery disease, as well as calclfic aortic
valve stemosis [11,12.37.38]. Moreower, Mendelian randomdsaiton sis-
dies and genome wide sscoclation studies sapport Lpda) oz as In-
dependent cardiovascalar risk factor'™ 17, Thus, the princeples behisd
cament methodologles and the Inherent difficalides in fully capiusing
the unigme lipld and stnactumal properiies of Lpda) panticles (Fig. 1) are
dizcussed in the conbext of our Sintement 5.

in 2009, the Enserging Risk Factoes Collaboration (ERFC) pablished
o megn-analyss of 30 long-term prospective studies, that comprised a
tednl af 126,634 Individluals (1.3 mitlion person-yesrs of follow-ap)
withy pecorded baseline serum Lpdn) concentration and subsequent
mijor videulsr mocbidiny andor mostality data [38]. Senwm Lpla) be-
wels were consitent within Endividuals ever a peried of several years.
The ik eatio for CHID, adjasted for age and sex, was 116 (95% CI, 1-11-
1-22) per BF5-fold higher usual Lpda) levels (e, per 1 3D, and 113 (95%
€1, 1-03-116) after further adpastment for traditional risk faciors. The
eoerespanding adjusted risk ratios were 110 (95% CI, 102.1-18) for
lschermic stroke, 100 (95% Cl, 0-97-1-04) for camcer deaths, and 100
95% C1, 095.106) for nonvasoular deaths other than cancer. Thus,
there was a continueous and Independent assoclation of seram Lpia)
concentration with risk of CHD and stroke. Moreover, it is likely that
publizhed meta-analyzes of Lpla)-conferred risk, such as the ERFC, have
underestimated Lp(ah-conferred risk due to the incorporation of studies
using isoform biased assays.

Lp{a) is alse a potent risk facior for caleific acaiic valve sienosis
[16,37). Dats from the ASTRONOMER briel, which included patients
with mild-mederate sortlc stenosis, found thst pacients wiith the kighest
lewels of Lpla) (= —150 nmol/ (> SESmp/dl)) bhad & greater raie of
disease progression and meed for earller valve replecement [17].

3, Genetles nnd secomdary cazses of elevated Lpa)

Thi epsdemiclogleal Andings from the BRFC [38] that elevated Lp
{n) leveks eomstingte & major indepernlent risk factor for CHIF and stroke
ard corrobarsted by the resulty of penetic studies which provide evi.
detcn that LPA-Lga) rasing wariamts incrense CHD [39]. In 2009,
Kamatrup et al. published a Mendelian randomisation stody invalving
40,000 participanis from the Copenhagen City Heart Study (OCHS), the
Copenhagen Ischinemic Heart Disease Study (CIHDS) and Copenbagen
General Poguilation Study (CGPEN [12]: In all three cohorts, there was
strong association between plasma Lpla) levels and the LPA kringle [V
type 2 (KIV-2) copy mumber variation (caloulsted s the sum of KEV.2
repeats of the two afleles); for example, in the ©GPS contingend, this
size variation explained —27% of the varfance in Lp{a) bevels. More-
over, a lower KIV-2 copy number, and bence higher Lpda) concemtra-
tiom, was assoclated with a significantly higher risk of myocardial in-
farction (M[) In thiz stody. In particular, an Lpfa) Bewel = 95th
peroentile had & 3. to 4.fold Imcresse In mudt-factorisl-adjusted risk of
MI ard absobate 10-pear risks of 20% and 35% In high risk women and
men [40). Comversely, individuals with & common nuall LPA aflede, and
consequently low Lpla) bevels, had reduced CVD risk [odds raiia, 0,79
{55% O 0e6-0.571) compared with pen-carriers, providing furibes
wapport for a causal robe of Lpda) in CVD [41],

Besides the KIV-2 copy number vasistion, two LPA single ruclestide
palymoephisma (SMP] were foussd by & candidnie pene assoeintion study
tr display associntion with higher serum Lpla) levels aned increased
CHD misk [11]. In owline, SN esl 0455872 and re3TO08220 accounted

Abbwrosic ok JUF (33099 63-T70

for 5% amd B% of the waradon in serum Lp(a) levels, respeciively.
Similasly, a subsequent larger-scale genome wide nssoelation study,
fmvolving 63,746 individuals with CHD and 130,681 controls, showed
that thve locl most stroegly associnted with CHD were [m the LPA reglon
and not in other locl that are well known 10 be nesocinved with in-
creased CHI risk, sach as LOL-R and PCSKE-9 [42].

Although Lpin] concentrations are predeminamly (70 to > 90%)
under genetle contral [25], some non-pesetic factort are Known b in-
Auence It In cheemle kidney disease, semim Lpda) concentrations rise
wiith falling glomeralar Hlcration rate due to reduced catabalism of the
larger lseforma [43], Renal transplantation appears cffective at re-
turnfag Lpa) concentralion fo baseline [29]), Serum Lpda) bevels are
fenirfiald higher in isdividuals with mephrotic range prodeinmra than
centrods and this appears to be due to increased rates of Lp(a) synthesis
nereas all lsodorm sizes although reduced catabolism may also play &
tode [E3], Lpda) levels are reduced in maost forms of liver disease but
showw weak, positive association with bomarkers of inflammation [2%].
Seram Lpfa) levels, which are increased Im pailents with owert hy-
pothyrofdism, are reduced by bevothyronine replecement, but in sob-
dlinical hypothyroidism do not chamge significantly [44]. Serum Lp(a)
levels are mot consistently associated with age or gender but bevels are
significantly reduced by hommone replacemsent bn postmenopausal
women [45], Thus, secondary causes of bigh Lp(a) such aa chrosde
kidmey disease, nephrotic syndrome end hypothyroidism sheald be
sought and corrected.

4. Pathogenicity

Lp{a) s atherosclercais by two principal mechamisms
[4f47]. As an LDL-like particle, Lp{a) can infiltrate into the aneral
intima and bird components of the extacellular muirix, enhancing
macrophage infiltration and smooth muscle proliferation [48]. Witkin
e atherosclerotic plague of cofomary lesloms snd carctld en-
darterectomy specimens, a substamtisd proportion of circulasting oxi-
dised phosphodipids reside on Lpla). These caddised phospholipéds ane
implicated in driving monocyte wafficking into the arverial wall and
enhancing pro-nflammatory cytokine relense [47], Secondly, through
iz similarity to plasminogen, Lpla) i8 envizaged w have a pro-
thrombaotic effect by Inhibiting Abrinclysls. Apols) may also promote
platelet aggregation by mediacing tse birding of Lpia) to plasmincgen
recepioas om the plagelet surfeco and grasmile release via the thrombin
recepior. Some bdochemical studies have also demonstrated amii-G-
brinedytbe elfecis of Lgda) [46].

4.1 Lpfa)-asociated nisk

The risk conferred by serum Lp(a) depeidds os ila senam oo
centrations, those with mest severely elevaned Lpda) belng af gresest
risk of CVD [12], We propose that the graded Empact of ebevated serum
Lpla) concentraifons an this riak be classified az follows: 32-20 nmolA
minor; 50-200 perol/l medesate; 00400 pmol/l high; = 400 nmold
very bigh (Tahle X} These cut-offs expressed in molar anits are decived
from population percemiiles of Lpla) meassred In nmaldl and mg/dl
from 13,900 participasts (Mov, 2015 o Jume 2007) in the on-going
Copenhagen General Populsticn Stady, described abowe [12]. Mea-
suresnenia were performed with the Roche stay on a Cobas plaiform
enlitsrated n nenoldl (unpublished data, courtesy of P, Kamstrup and B.
Mordestgaasd ). It muast be ncted that this dataset devives predominanily
from Danish Caucasian populatices and further work on establishing
clinically relevant Lpla) cut-off values in a range of ethmicitdes is stll
warranted (discussed in ‘Further Work'). Eecognising the mporiance of
elevated Lpda), in October 2018 the Center for Ddsease Control and
Prevention institated two 1C0-10 codes for diagnosis of elevated Lpla)

Statement 1. Lipoproteinda) is an independent risk fector for CVD and
calcific sortic valve stenosis.
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Tahle 2
The cardioyasculas risk conlerred by Bpoprobein{a) b graded dopendent on the
lpeproteinia) level.

Bpia] bervel memcly1®  Lpind Bevedl Pecreniile of gemeersl Impact oa CV
;jﬂ.l.hﬂ." petepeilagi [1 7] ek

3300 18-4) =Rk Mlirair

o200 A0-4w) B3-S Maisleime

2004003 S0-180 - Ath liigh

= 400 = 1 = GOih Very BHigh

* Percentlle cutgminta in nmel] and mp/dl for Lpla) vahies derhved from
13,500 participants (Nov, 2015 fo June 2317) in the on-peing Copenbagen
General Popalation Study. Messuremenis were performed with the Roche assay
o @ Cobes platfors {unpobdished dsas, courtesy of P. Kamstrup and B.

¥ The facior ta converd Lpla) valus frem nanomeles per liter of apals) 1o
milligramas: per deciliter i for puidance only and shoeld not be spplied to dain
penerated with other methodt bacause it |s amay specific [80] and dependomt
oo 1] e size of apofa) in the smpdes and 2) bow the target values in mgsdl
i BdElpaed 10 e Eday calibislon.

Statement 2. The CV risk conferred by Lp(a) Is determined by the Lp(a)
serum concestration: 3290 nmedA mincr; 90-300 nmoll moderate;
200400 nrenl/ high; = 400 nmol/ very kgh

Seatement 3. Lipoprotednin) levels are genedcally determined with an
sutssomal co-demingnt [eherneee,

Statement 4, Secondary causes of kigh Hpoproteinda) should be soughs
and, [f poasible, corrected.

5, Measaremunt af Lpla) and challenges

Lpla) expressed in mass units (gage/dl) encompadsed the mads of the
entire particle; this compeises apeda), spoB-100, cholestenal, chalimery]
esters, phospholipids and trighvcenides, Because of the beterogeneity in
apaln) size and the presence in most lndividualy of twe diffeneng, ge-
netically determined apol) isofoem sizes, standardisstion using a
single calibrant maberial is impossible.

Furthermore, varlable cumbers of repeated KIV-Z units in Lp{a] act
as multiple epitopes in immunaasays. Unlets calibrants bawe the same
mnge of isoforms as (est samples, senam levels of Lpla) in these with
kigher numbers of KIV-2 repeats will be overestimated and those with
smisller mumbers underestimated. Az snaller isoforms are strangly as-
soclabed with higher seram concemtrations, there will be greater un-
derestimation of Lp(a) 21 kigher concentration than at lower ones. This
keads to an enderestimation of Lpla) sssocfated CVD rishe it {5 very
wnliioely 1o be overestimated [154%]. Parthermore, there is some evi:
demce that smaller isoforms are meore atherogenic [2] amd so this effect
eould be oxacerhated

Mo avallable commercin] mmunosssays emphoy Boform [neensitive
aiibadies, The gold standard method at the moment Is the Neathwest
Lipid Metabalism and Diabetes Resesrch Laboratory (NLMDRL) method
il uses an Eoloren [esensitive antlbody and is meticulously calibeated
with well characierized material, howewer this sssay s not commer-
clally svaflable, Tramslerring valwes using ibds method to WHO/POC-
verified reference material and enlibratoes have mede aeoy measure-
menta mere usifonm. Asays wsing Denda reagents are the psost rellable
commercisl assays avallsble, There ane severn] explanations for this
The effect of [soform sze has been redueced by use of & range of call-
hrators prepared From separste pools of senam covering n range of Lpin)
concentrations, As concentration and lsoform sizo e ieverasly comme-
lmted this Betper matchis calibrasis with test samples, Even s, malar
mass ratios have been shown o increase with increasing molar con-
centratbon of Lpla) measured by the NLMDEL suosy, Agsin a tsofoms
size and molar concenlration are inversely comelated the mass per

Ahurriclesiis 20 (3009 GE-70

partiche 2t higher concentrations will b= bess, Oiver estimatlon of larger
lsefarms will have the same effect and be more prominent at lower
comcentratéon, A fanher source of variabdlizy in molar mass ratlo is the
nsslgnmnent of waloes s muss anbts io commercinl calbhraioes. Because
test samples comtaln & mixture of lsoforms of Lpla) It ks Impossible ta
cofvert mi units to malar unls without detafled knowledge of the
lsoform compuaition. This probles bs obviated by macufaciering ma-
teriale calibrated Ia molar wnits traceable o WHOAPCE verlfied re-
ference materials in molar anits, Methodz based on Denka seagents
calibeated In nmolsL and iracesble ta WHOVTPCE seference matesisl
hawi stceplable blas compired with thbe NLMDRL gold standend
method [15].

Statemvent 5. Begarding the messarement of Lpfal:

. Serum Lipoprotefnia) concentrations should be measured susing &
method where the eifect of {soform size has been misimEzed uiing
appropriate antibodies with calibrators certified foc traceshility of
Lpda) walues to the WHOYIFCC reference material.

b. Besults shoubd e expressed [m nmols] of Lpla) particles.

. Conversion of mass unlts to msolar wnlts or vice versa introdsces
impocuracy and should be discouraged.

d. Currently only assays based on Denka reagents with calibrabors
traceable in nmals o WHOSPCES reference material can be e
commended,

. In whom should Lipoprotelnia) levels be measured?

Semam Lpdn) levels remadn relmtively sable over a lifespan (23]
becasse ibey are predominantly genetlcally determined. Measuring
serum Lpla) eoncentrations as & proxy for ji3 genetic determinants s
practizal and more eost effective than penetic testing af the curens
time, To lmprove the sccuracy of cardiovascular rlsk assessment a
flagle messurement of serum Lpla) @ selfcient for moss patbemts. Al-
though we have indicated broad ranges of Lpla) conceniratioes sxo-
cimled with increasing cardiovascular risk, clinkcal judgessent needs 1o
bs2 emercied for values at e cul-polnks, The dverall precision of repest
meeasurersenl in anm individual should ke mafficient 10 base decisions on
a single measurenven, however, qualification of levels that sre close 1
actien thresbalde sheuld o be consfdired om a cage-by-case basle Re-
peat measurement Is oaly Indicated Bf a secomdlary caise b suspected o
therapeutic measices o lovwer levels have been instigated,

Our recommendation for once-only measurensent af Lpfa) b oon-
sistent with the recently published Europesn guideline [7]1, however,
we recomamend that Lpla) is only measured in specific cohors (e
follewing paragraphs) rather than in all adults. Populaticn screening of
Lgifa) i not corvently advocated by the HEART UK conssnsas panel, The
European guideline aims to (dentify those with wery high Lpila)
(= 430nmalsLL In contrast, we argue that the risk conferred by Lp(a)
ccours at @ much lower Lp(a) threshold than this. Therefore, our ap-
proach is bo meanere Lp(a) in targeted popalstions and manage Lpfa)-
aszociabed sk in thoss with levels = 90 neolsL

In patients with a family history of prematare EVD (< 60 years),
particularly when a  cousabive mastaton  for  Familial
Hypercholesterolemia (FH) has pot been |dentifled, a knowledge of
thelr Lp{a) value may help both ike patient and physicizn io understand
the basis of the familal CV risk. This improved understanding may alsa
influence an Iedividual's decision o start amd adbere to long-berm
medicaiton.

A role for formal famdly casesde testing for ralsed serum Lpda) has
nit yet been established. Howeves, given the dominant Inbesitance of
Lpla) leweds, the testing of femily members of index cases with severely
ruised levels (> 200nmodA) may be weful. Genetic testing for SMP's
szociated with serum Lplad levels is not currenily sdvocated in routine
chinizal pracrice.

Patients with heterozygous FH (HeFH) kave higher levels of sensm
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Lpla) compared to thelr non-affected siblings [50]. Lpla) is & strong risk
{nctor for CHD |n patients with HeFH, independent of age, sex, smoking
stubas, and serum LDL-C levels [51,52]. Thas, knowlbedge of a FH pa-
tlent’s Lp{al levels would inforen the physiclan further regarding the
patients risk of & CVD event end on the potential benefits of a more
aggressive appronch to mansge thelr hyperliptdeemin and any other
unsddressed CVD risk facters [53]. Serum Lpda) Is sot a predéctor of
CHD in homozygous FH patients on curresily available chodeserol-
krwering treacment, bl may Become so when lower levels of LDL-C are
achieved [54], Gn this bass, it i recommended that Lp(a) bevels should
be measiared in those with familial hypercholenerolemin and other
genetic dyslipilemias (inchading Familisl combined hyperlipidasméa,
familial dysbetalipoproteinaemia, and emikinl byperrighycerideensia)
wirch aleo increase CV risk,

Lpia) i a potent risk fsctor for caldific aoctic valve stenosis [16,37].
The keowledge of a patient’s Lpa) levels could inform selection of the
interval for valve sarvedllance of those with established aortic valve
disease mg patients with raized Lp(a) are Hkely to require sarlier inber-
wvention.

Lp{a} best re-classifies CVD risk in people at imermediate sk [55].
Putbents with = 15% risk of 8 CV event over 10 years should be re-
celving treatment such as stntin therapy imespective of Lpla) level. In
the UK, uptake of statin therapy for primary preventlion of CVE Im pa-
tlents of Intermedinte risk Is poor, with only 14% of patients with 2 10
year CW risk of between 10 and 19,95 initisted on a statln in one sudy
[56]. The addicion of senam Lpda) measurement, a1 beast up 1o the mid-
palng of this asge, would sid reclessification of people af Intermediage
rigk ard eoald encourage Enicinibon and secepomnce of LDL-C-lowering
therapies.

Statesnent b Lipoproteinla) levels need only be measured onee, wnles
a secondary cause b suspected or specific treatment i institubed (5
arder to lower levels.

Statement 7. Serum Upnptuhin{l}l:‘nhﬁhhibﬂﬂﬂﬂdrtﬂ A thads
with:

a. A personal or famlly histocy of premabire atherosclerotic cardie-
vascular disease (< 60 years of ape)

b First degree relatives with raizsed semam Lp(a) levels (> 200 nmaol/1)

c. Famillal hypercholestercdemnia {FH), or other genetic dyslipidemias

d, Calbcific acrtic valve stenosis

. A borderiine increased (but < 15%) 10-year risk of a cardiovnsoular
evenl

7. Managensent of patlents with raised Lipoprotein(a)

A major challenge |m establishing the role of Lp(a) = an Important
cardiopvasexlar risk factor hes been the lack of eifective trentments o
reduce Lpla) bevels As & conseqaence, them s o pacelty of evidence
thal decressing sensm Lp(a) levels reduces esdlowscular elsk end
clindsal utcame iFiaks of specific Lpa)-kowering theraples ase eagerly
awendted. In the last 5 years, seversl novel lipld-bowesing agesis that can
lewer Lpla) have emerged bat of these, caly twe meaockonal saiibody
PCRE-9 inhibiiors have beem Heensed for general use, Fumthermose,
Mendelian randemisation stodies maggeit a large steolute reduciion in
Lpfa) may be requined 1o produce elindeally meantnghal reduction (s ©V
rizk [3,57]. The various thesapeutic siracegies for management of pa-
tients with ralsed Lpfa) are outlined bere and semnsarised in Table 3,
Our current recommendation for maneging patients, in both prinsary
and secondary prevention, with raised Lp{a) lesvels (> S0 amoddA) in-
cludes 1] reducing overall mberoscleratic risk 2) controlling dyslipi-
demiin ard 3) consideration of lipoprobein apheresis a8 per ibe HEART
UK Lipoprotein apheresis statement [58].

Beducing CVD risk and comtroliing dysfipidocwsle. This pragmatic ap-
prasch does not direcily target Lpla) levels but addresses dyslipidemia

Ashrmiciernils T97 (3009 6370

and other modifishle €V risk factors, such as blood presvare amd
smoking with the abm of mitigating the risk conferred by Lpfa). In the
EPIC:-Morfalk study, patients with raised Lpfa) with the healthiest car-
dievascular health score (including body mess Index, healiby diet,
physteal activity, smoking status, blood presswre, diabetes and choles:
terol levels) had substandlally reduced CVD risk compared fo partic-
pants in the enhenlthiest cardicwvascular bealth score category. This
highlighis the lmporeance of malsiaining a bealthy Hiesiyle for patients
with ratsed Lplad [59), Aggressive LDL-C Bowering can mitigate the
CV¥D plak comferred by Lp{a) [50,61), However, siudies such ns AIM-
HIGH suggest thar even o1 low LDL-C (of low son-HDL-C bevels), pa-
ibewits with high Lpda) fase worse then thelr counterpacs with low Lpda)
levels [62] implying incomplete elimination of the rlsk confesred by
clevated Lpfa) levels Similarly, Wei e al. [53] hawve recenlly demos-
sirated persistence of the associatbon between LPA genetic varfanis asd
CVD events in ndividuals with LDL-C =< 70 mgs/dl whe were taking
statine. A meta-analysis of statin-treated patients with elevated lipo-
probednia) alsa shenwed an association with cardiovascular disease risk
[}, Recent work suggests that statins may actually modestly increase
Lpla) levels, possibly by increasing Apola)) expression, however, this
requires farther study [65].

Apheresic. The HEART UK Lipoprotein apheresis guidelines re-
commend that apheresls should be considered for thase patients with
progressive coronary disease amd Lp{a) greater than —150nmalsl
[ GOmg M) wiose LDL-C remalns 125 mgsdl (3.3 mmolA) despie
maximal Hpld-lowerlsg therapy [55]. In Germany, Lpla) levels ex-
ceeding ~150 smol/l (60 mg. di) along with progresive CVD (regard.
less of LIL-C levels) bas been approved ns am indicatics for regular
lipoprotein nphecesis since 2008, Fudies on such paiients undergaing
regular apheresks suggest & reduction in cardiovascular risk [66-58].
Upifostumately, snadies 5o dabe using lipogrotein apheresis have not fn-
chuded a simultaneous contral groug, tkerelfone, B s difficall to esitmane
the magmiude of benelis, Lipoprateln spheresls was recently employed
i patients with refractory snging snd rafsed Lpla) in & randomised,
contralled, crose-over trial snd found to lmprove mypecardial perfuson,
ntherema burden snd exercise copacity [69], Thus, although apheresis
may be of cardievascular benefit in those with raised Lpla), access b
this farm of teatment I8 currently lmited by oot and few centres are
able 1o offer iL

The following imerventions for the management of Lpia) are NOT
ourrently recommended by the group, bowever, the evidence for their
use [ar back of) is samnzarised below:

Miacin, Untl recemtly, niacin was used to treat high Lp{a) levels,
reducing levels by 30-408 [70]. However, the wse of niscin is not
supported by HEART UK based on AlRHIGH [71] and HPS2-THRIVE
[72] trial findings. Niacin increased the risk of serious adverse events
and did not redwuce the risk of o major vascular event, lesding to dts
withdrawal by the European Medicines Agency (EMA) In 2003,

Aspirin. Aspirin Is wsed in clinlcal practice to counter the peo-
theoenbotle rish conferved by Lpla). However, the effleacy of this hes
eat been tested peospectivedy, In the Woenen's Health Study, enrriers of
am LPA varlant nssociated with elevated Lpda) bevels had a deashling of
cardiovaseulsr risk and appeared, co retrospect|ve anslysls, to benedln
maore from sepirim chan mon-camebees [73). Two recent randomsised
controlied rialy on ibe use of &epicin in pefmary peevesion, ene in-
valving patients with moderste eardiovasculnr riak [74] snd ibe other
in an elderly pegulacion [75], failed 1o shew a favorable beneficrisk
ratio alibough & sab-groap analysis scragified by Lpla) bevels remaing o
be performed. Further prospoctive studies nvestizating the effect of
asgirin I patients with elevated Lpa) are warrasted. Aspirin may alio
reduce Lp(a) levels by reducing apola) expression [76] although the
evidence for this hag come [rem very small gudies [77] and requires
coafirmalion.

Licemied novel opente. Moncclonal antibodies o proprotein con-
vertase subtilisin/kexin type @ (FCSKS), suich as evodocumals and alir-
omamab, ¢an reduce Lpla) concentraticms by 20-30% [F8]. In
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exploratory analyses in clinical irials, CV event risk reduction appeaned
greater in treated subjects with kigher Lpla). bat these agents are not
currently Heensed for lowering Lpda) [7980]. It is uncertain as to how
much of the absclute risk redwsction atiributabde to PCSES mhibition,
which i higher in patierts with high Lp{a), is explained by Lpia) re-
ducticn or simply due 1o LDL-G lowering, given that patients with high
Lpla} leveds are at higher absobute risk of EVD.

Mawel mgents in developeeent Amtizense oligonuclectides tarpeting
heputic LPA RMA redoce apola) production and Lp(a) assembly with
apoB. Three clinkcal trials using this artizense therapy have now been
reperted [19,81]. 1o the fiese, Involving patients who had basetine Lp{a)
levels af 125-437 nmols1, HONIS-APO{a)y, reduced mesn Lpla) re-
ductions by 6&-6% (50 306} In the second coheont of patbents, with Lp
(4) =438 mmoldl, there was & 71-6% redaction st 12 weeks,

A recenl advance in amisesse technology has led co the develop-
ment of 10HIS-APO(A) Ly, & ligand-conjizgated entisese ol goneckeo-
tide designed to be highly and selectively tnken up by hepatocytes, In s
phase 1/2a firs-in-man study, thls mobecule achieved a mean reduction
I serum Lpga) of 92% at 36 daya. A phase 2 clinical wial in patients
with Lp{a) = —150 amal/1 (60 my/dl) and established CVD compheted
In Movember 2018 (NCTORIFOFEL]). An siRMNA-based therapy targeting
LPA BMA is also in early development phase (HCTOGE26662),

Stabement B. The management of patients with ralsed lipoprotein(a)
levels (> 90 nmaol A1) should inchade:

n. Reducing overall sthercsclerotic risk

b, Controlling byperlipidemia

¢. Consideration of Hpoproteln apheresis as per the HEART UK
Lipegroteln apheresis statement [55].

. Targeis

I patlents with raised Lpla), sandard algosthms weed in risk cad-
culabers such as the ACC/AHA Posled Cohert Equatbons [52], Systemic
Coronary Risk Evalasbon (SCORED [7] and QRISK*3-2017 [AZ] may
underestimate cardiovascalar risk, In the absence of rasdomibsed, con-
trolled trial data demonstrating reduced ©F risk with redsction in Lp
{n), it is not possible to miggest o desirable targed for Lgda). Tastead, in
patients with a raised serum Lp(a) = 90 nmolA, we recommend mal-
tipte risk Factor irtervention to reduce atherosclirotic risk, This sheald
indude achievement of greater than 50% reduction in nons-HOL-C az
the peicrity to reduce cardiovasoalar rigk, with high [stensity stating as
the first line medication. The altemative, absolute noe-HOL-C target
of = 100mgsdl (2.5mmolA) as recommended by JEES [284] i ap-
preximately equivalent to LOL-chelesteral = Fmpad] (1.6 mmalA) as
per the 2016 ESC/EAS guldeline [7]. In patients with progressive CVD
and & history of recurrent events despite maximum tolerated lipid
Joweging therapy, Incbuding PCSX9 Inhibétors, consideration should be
piven eo Hpoproteln apheresis if Lpla) Is above 150 nmaol/L

Aibough both LIL-C (and non-HIIL-C) measurements contaln a
comiribaibon from Lp{n) cholesterol widch could potemtiadly lead to
overestimation of LDL-C, eoerection (actoes for pom-H0L-C and LOLC to
exclude Lpa) asscciated cholesierol are 1) not valldated with Isofonm
independent assays In irenbed and unireated paitemts 2} nod validated in
large epldemialogieal sbudbes foe G risk prediction or in RCTs of Hpid
loswering tstrapées andd 30 ped in chinleal use. Therefore, correction for
Lp(a) chedeieral s pot carmenily recommended. Neverthebess, it should
be recegaized, that the cosiefbution of Lpda) o LDL-C and son-HIL-C
may be sabstaciisl, Expression of Lp(s) in molar undls aflows appre-
cisticn of its concentration relative to ape B capressed in modar wnits,

Staterment 9. In patients with raised Lipoproteina) livels (= 90 amolA),
desirabie non-HOL-cholesternl is = 100 mgdadl (2.5 menalA)

Ashrrasivesin 797 [2019) ad-fe
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Commercial assaye for Lpla) do nog wse antibedies b are dsofoom
independent. The develaprment of siuch an snlibody oa & eosmercial
scale would considerably improve consstency bBetween asiays. The
Matiomal Heart, Lang, and Blocd Institute have recesly published re-
commendations 1o facilitate basic, preclinical and elinical pemeacch G
Lpta) [10]. In our opinion, research evidence is required in thres key
wreas in order fo guide the mamsgement of Lpfa) associated CVF risk.
Firstly, Imterventions that can selectively lower Lp{a), such as Lp{a}
mpheresls and antizenze aligoruclestides to LPA RNA, should be tested
In randomised, controlbed clinfcal trials to evaluate their effect on CVD
outcames. These should be performed for both primary and secondary
prevention, & well as in specific diseaze states, such as FH and calcific
wortic valve stenosis. Clindeal trials in secondary prevention shoald be a
pricrity and if ssccessful, will allow health economic analysis to be
perfaomed. The inclusion criteron threshold level of Lpla) in these
oufcome studses will mesd to be casefully chosen, possibly arcand
=150 nmealA, the current threshold for apheresis In Germany [85].
Seeond, the role of antiplatelet therapy for primary prevention in pa-
tients with elevated Lpda) needs to be clarifled bs prospective rando-
mised, contrelled ehinieal crisli. Fiaslly, studies in global multl-echede
pogulations hawve highlighted proncunced differences in Lplal bevels
acvads elbnleities, Ethaiciy b a key varishle in ssignieg out-off valoe
of Lpla) for candiovascular risk prediction. Fusther epidemiolegical
studies of specific ethnic groups ane required po establish dinically re-
levant Lp{a) cat-off values.

Statement 10. Future work needs to focas on:

8. Development of commercial truly isoform insensitive assays

b. Randomdsed, controlled imterventional stodies that selectively lower
Lipoprotein{a) in primary and secondary prevention of ASCVD

. The role of antiplatelet therapy in primary prevention in patients
with elevated Lipoprobeinia)

. Lipoproteinda) reference ranges In different ethnic groups.

Search strategy and sefection criterin

Dwia for chis Review were (demified by searches of Web of Science,
Pubded, and references from relevamt articles using the search terms
“Lipaprotein(al®, “Lpda)”, and “cardbovescalar risk®,

The HEART UE Medical, Selentific and Research Comeittes had 2
meslings regardiag the cosseami paper, The kra meetiag critleally
rewiewed the liseratuse and agreed 1he en statements o be inchaded,
Thee second mesting examined the fest deaft of the cossensus paper. JC
and RGN compdled the firs deaft. All comenitbee membstes contrlbated

o revision of the mansseript.

Declaration of competing interest

Several of the Comsensus Panel members have receives lectune
homoraria, consultancy fees, andfor research fanding [Fom Akces
[HDGH, DD, HE). The remaining suthors have nothing to disclose.

Acknowledgments

The authors would like to thank P. Kamstrup and B, Bordestgaard
General Population Stedy In Table 2 We are also grateful to GH.
Thompson and &. Wierzbdcki for reviewing the draft manuscrips.

References

111 &R, Lew, A Pravasd, ¥ 5 Chad, o ol LPA gona, ¥,
Clreulaiion 13% (1h (3007) 2814




L. Crgls, st el

[2F 0, Sallehren, P.C. 1syeock, W. Thas, o al, Apalipepeeivinia) isform dae, Bpo-
jeoden i) onerelvadken, brel sferp Bl dioraic @ mevlcling randeniathn
analyss. Lasoen Haleor Fndawiscd. 5 070 (01T 534-51),

[3) & Burgew, A Fereion, JH. Stabey, of al., Ameciation ol LPA veriants with s of
carusiuaiy' disraie gl the bplicatiorn Tis Bprymeticiala) ke g therapin s
reeridalion rardsmivation ssalysly, 0604 Cardislogy 7 (7] {308} 6L9-637,

4] D Wikion, T. hecobeos, . Jone, of al, U of Bpopootciala] in clinical praction: &
blidrksr whide e b oot A prieiils malesical el Uhe Hatosal Lipd
Amocistion, J, Clin, Lipidel. 1330 (20099 374-02, hitpesdal ang /N0 190 67 jacd
19500 10 By 2019 My 17,

5] C. Siefagsinl, U Balisa, QP Watis, & ol Towand s intermnel k] aosseis
Irrgrating Kpapeoivin aphereds snd rew Hpld-losering drugs, J, Cin, Lipiied, 11
(4} (2OLT) S55-87 .

mmmmmmmummi
Abscuie Casdiovaurole THuosse Rid, ¢ 118

[7] F. Mach, € Baigens, AL Cotapans, < al, 3519 [SeEAS puidelines for the man-
agemeat of dysipitsemins, Par. Heart J, chad55 (00199 178,

(8] T Anderson, J. G, Pesracn, ci all, Canadisn Bty
puideliers for the mesagomem of d v palemin fos dee g oy ul cwredi 1
dseane bn the mlal), Cea, ), Carsdind, 33 000 F C2016E 1263=10 282 2016,

9] Americam Cellege of Cardislegy, Amsrican. bear amecistion tok forcn o clnioall
practbot guidehies Guideboe on (ke mansgemienl of ol cheloneel, F Am. Call.
Carcial, 73 C34) {2019} e305-¢ 50

Ill:ll.i.‘rﬂ.:i.l:-.!.l'l:h.l.f_ﬁﬁ'l.l:-:l.dﬂ. HHLE working group cecomimands-

weakiee Bpripwdlebnl i -roial ok of candbwisailar docise aad wrtle
MJ Ami. Codl, Canlicd, TH CIh [318) 177-150.

[11] I Clwke, JF, Pedem, LC Hopewell, o al, Gmetk varians anccisind with Ip(s)
Pepompiiibini beveel aial doionaiy dissase, M. Engl . bl 381 (36] (20065
FRA-IEIA

[12] P Kamsirog, & Tybjscey-Hassm, I Sciferien, B0 Mordrstgaand, Geastically
elewanad Mpapestcindal ainl lioraied ek of #ipcindial mlecon, JASA, J. S
B, Apsar, 300 {320 [B00F) 2100 -F104.

(13] ET. Lim, . Wurts, A% Havolinas, o al, Naeibetion sad selical of s
ol Piesrthion widlaims bn e Flasleh keiinder pgsilinksn, FLaS Ganel. 80 {F) (0L

[14] % Coasain, G, Brhart, 16 Welsiomniziner, of al, & sovel bt frocpeem wariamt in LPL
KiV.2 s iated withi a p i L) mad cardi ar ik pedusction, Bor.
Hermin . 338 (ET) (20070 1ER2=+,

138] Snl Mssoowin, JJ Albery, Lipoprosein {s) nerssevrseais for clinical spplcation,
JLI L. i i) 5 (AF (2016) S3-550.

({111 Pl. M.ﬁ Tybjaerz Hamen, B G, Mondesgasnd, Flevated lipoprsieinia | ssd

of mariic walve siramii in the peesal pogelation, J. Amc Coll. Candiol. 67 (5}

I.".'.'ﬂlll}ll“'ﬂl—ﬂ'!
(17] R Capoulade, KL Chas, . Frsnp i al, Cieidived photpholipads, Hpoproteinial,
andl pragresdon of calolfic ssriic valee siesniy, L Am. Coll Candicl. &8 (11] (2013)

13331 24,

(18] KAL Bheng. 5 Tabmilon, T, Pawasles, of al, Lipoprotsinie) sl oxlfiaed plasphe
ltplaks vahve caleification da pasiers with sortic slermis, £ Am. Call.
Caapfiid. T3 COF) (DEITD 2150362

119} KLY, Virey, JC vas Copellevesn, BLS, Geary, ot s, Aailsnn
w#wah#wﬂrﬂ" irdlalt Do randembond,

nmmmmmuuﬁmmm

.'-lII'I'-H-'-'L

13 G Ui, H). Blemid, HAO. Kl 1C Debi, FLG. Bemiler, O Saix, Lpla)
ymgroiein phesoppes - aberiance ard relation e [pdal-lipopionsn osremne
thoma in plasma, 5. Clin. dnvostly. 80 G2 (L6607 458840,

121) £ Lackrer, E Bsaneakle, ©C Leffei, T. Rilenig. HH. Hobds, Malooalar-bals of
s ipragicasin 4a) Bolorm see biteregeniny ai revealnd by pdsed Neld g eles
trephconis, J. Chin. Ineiiy, 67 (&) (991} 2153-2164,

23] HAL Esah, A Lisgenbel, BW.C Pasg, & &l Feequsndg distibatbem of apelipo-
MﬂhﬁﬁﬂmﬁhﬂhﬁﬂunWMh
Cauciian, Avian, and Arican populath ibution of oull slick in non-
mqumtm:lm!m

MELMJIJFMD-LM,FIJMWWHHF

fa} p i it ofl spligoproteinia) siee an plams b-
mmumm;mm D65 CNED T35 ) ettt

[24) 0L Chasn, GOF, Waite, P WA, Darpeii, ot 51, b lipoprossinds) meisbsl ium laked 1o the
traenpst aned catabelic cates of apelipegiotein B-100 contalaing lpeproticim? fas.
Heaim AL 35 (27 M.

125 K Schaddi, . Moureen, P, Kromimberg, G Utiormann, Thematic sovine v B
pepeolein (i} somleg of it m Rl sirechece, fusetisn, and geoctia of lipopeoizin
fak, JUR [F, Lipkd B ] 57 (R] (2016} 1339-1355,

| 28] 5.M. Zelcawud, 5 Pootmlsinen, LT Hardsboorn, ot al | Deep ceswrage whobe graoms
sojuictced anll plaisa in bl of Fivopeas aad Shicas in-
cesrien, fla. Cravanen. 9 {3008

|27 0. Chan, 6. Wi, B Csll, £ Wasierman, 5 Marcoving, H. Berreil, Lipoproteiais]
parnicle prodiried 6 s deverrrnnsd of pleis popeoleid a) coneesl i sonoe

|uodarm whre and Bockgrownd ct X
L. B, Bledre Adsse. B {209%).
(28] . Seavillwelns, M. Im..hl.ﬁll.l'l-ll Filfcns il (b i puarsd 6 Rl e
on e g varslion In 7 ethoc-grougs, us, Gt
B 8] 0] ST B

[2%] B Eakhmas, £ Areersd, L Berglod, Lipoprosen (5 impsn by sohinboty and

l-'li'—--iuu - wnad miedival conditioss, JUB (1 Lipid B ) 57 (7) C3008)

[0 &8, Hafiew, KK Gruber, PA. Morsles, o ol Lipspesteinia) concaraibss s
mesicas- wmericans and ros-bipamic whites - The san-anton bear-abedy, Am. 1.

Athwrorchmosh 297 (3099} £3-70

Epddomial. 138 (3 (109Z) 1040-1058,

[3E) K. s, BT Seeffen, WL Guas, o al, Evabustion of § ina) &} o—
mmmmmmuﬂﬂmmmu
incidni coronary hearl dascase the melti-rihrvic phady of siharowciemay, Ciin.
Cheern. 5% (13) {H0EF] I M08-0Fi5

133} G Pare, A, Calvs, B BheQmeen o8 sl [Lipogeodciin o) levels mnd e rigk of e
candial nlwrciion smeng 7 etheic grospa, Clreulaiion 1390 {125 (3019) 1472-1482,

X3} FL Mevimetv, JAL Ondoiad, B Laivaviliasn, of al, Effecti of i, dea, aid mesipaeail
vunies oo plasmen |ipogaossialal bvedn o 1l ramdngham offapring Lrudy, Ciros lahen
HY (&) (190 1 =114,

12} C Waldeper, B Mabianrsi, T. Peller, & ol Lipepesieinda) and the slil of sanlis-
weanalar disesss in ik Fuopean popsilobe resslie from the TonarCalE oon-
woriium, Bor, Heart 1 38 (12 (300 7} 2400-2498,

135]) G Erham, & Lambna, T. Lebsbnabl, o al, Conethe Tacvors eaglids a majsr fraethon of
e 0% towerr lipoproaeinda] concenmraiiom is Firms, Arnerioscler. Theomb, Vaw,
Bicl. 38 (9 (200K LEID-1241,

I3} F.ML Cd, F. Fang. ¥.-ML He, DF. ©ai, J. He, X0, Yasg, Extablishing age ard s
depreadeni vpper rebmerae Himiic for chi plaovs lipoproosin (a) in 8 Chirgss Bealith
cherck-up populsibon and seconing io iis eelather risk of primary mpecandial ia-
Tarcrbont, LN, Climm. Aca 484 (2008 212-2M

137] G Thanawoells, CV, Camphell, NS, Owmy, ot al, Gonetic susoriscions with

wilvnular caleification end montic dlerass, 8. Engl J. Med. 388 (8) (2017 303512,

] 5 Ergeai, 5 Eaploge, PR Peivy, e 8l Lipsprsielala] oosceirratbon sl the flik of
m_rhml-'.mh.-ﬂrnn-mhrmmﬂr.JMI-ﬂ-.hhﬂ-
Adiiet, WIY (4} (20090 492428

(90 ©. Sarcdboluer, KL Faba, LI Kark, er al, Apola) ke predion sk For ooronary
lh.thﬂl-lﬂ_ - m iy lm & popolations, Aneriascler, Thromils, 12 {104 (1933)

14} PR Eamorop, M. Revm, & Tyldaerg Haneea,
proiringa ) bnvls snd rhd, of myrcsedial isfarction ia the gresral popelation,
Chcidiatbon 117 (2N C2008) |68

[E11] T.l:wlnﬂ.l.l Fepdoal, & Goel, &5 al, A common LPA sl sllele asaclaes with
'I'HLI-I'LHH'IE‘IH}IM

(53] P. Didoukon, 5. Kencnd, C Willenborg. ot o, Larpe-srale semciation snslyds
Ifemitifics raer rink lecd For coronary ssiery disdos, Mal. Geset, 48 (1) (200735

2515

149] F. Kromerderg. Cowmes andl coasespmences of lpopeoieinia b absormalivke in kidvey
disesir, CHn. Fxp. Mepheol. 18 (2} (2014} 714277,

144] T, Murase, 5. Atimama, bl Dloabe. 5. Morinaga, Sigrificant redution of devand
W rergeniraiom duriag levo-thy therapy in
& hpposhyreld patiest, J. &Llﬂllﬂ!lﬁ.ﬂlﬁ”!

15 P Anagraads, B, Galasls, . Chandsiergion, o0 al, The alfem of b raplace:
e iharapy s shalons on Bpaprairis (o] foncereatiom in
i & Plesialle deviee dnd mete-analyile, Masiribia 0 {2007 20-38,

[EEH HLH&HLMMWWWMMdm

() truly o diseci ilnetor in cerdiorirniar divess?
Mﬁlﬂﬂhiﬂmmiﬁ]?ﬂ-ﬁ‘l

1470 5 Teimikaa, & sest In ovemiests poponstnda) disgysals, projrec,
and emergiag thoragrie, 1. A, Coll Cardicl. 69 [6) (2007} 682-711,

) B Tals, Kol Wilkksmna, J. Bosen, Suberelothebiall lipopiotsn retcmtlen i Lhe ba-

preaea in athenmrkanain - updaes sl therzpeain ieplicsms, Decalation
106 (0 #) (000D 1832144,

3 EM Mapowing, FM. Meiery; bL Kxckmky, J K Guplon, 3L roimdialde-tisk
faioe Lipoprotein(a]: the emacgieg. J, Cin. Lipidel, 12 (&) (30UA) 1315-E345

[589 AD Mbeisu, I, Blataiger, M. Dardingion, of al, Serm lpsposielsla) in patlesis
heseroaygen Tor anilal hypesbolesesolenia, ther pelatiees, sl sndated
controll popralatisnn, Arisviocler, Thromb, 11 (4] (155 ) S80-546.

I5K} M. Eenl, F. Heppichier, O Rewveley, ot al, Relation of werem Bpapretrinia) con-
cenarptbon anad apodi poproteinl il phensppe 0 Coronary heain disesss @ poatbie
with familial hypercholeusvolemin, K. Fogl, & Med. 132 (21} (E00] E4- 1495,

I152) A Lasgied. PR Eisratrap, 5l Bo, & Tybjeosg-Histem, 56 Maendedguisd, High

S0 & bl caing o cliabes] Lenfial hyperchel emsenlasmela: o
proagecibee cohert shady, Lancst Habeivn Endociingl, 4 (7] (2098) 577-387,
[5H KL El, LP. de Ela, B Alonio, F. Peeais, G.F, Wais, P Mata, Valos of seasiring
dharting cancads 1eaing For berlial Wypesckobeserolemsia, ). A, Call,
Cardiel. 73 (0 {309 1030-100.

[540 M. Fasnoe, A Reei, [h Daita, of al, HEART U slsiciser o0 e manigemenl of
beavanrygoan farsilia] Syperchodpueralsmmis i e Ul ind Eingdon,
Aheroicheronki 3255 (2006] 128199

(%51 P WiBeir, 5. Hieohl, F. Krosenberg o0 al, Discriminion asd net seclasioaion of
cacdiovarsler pidk Bpepmininga) prospeoties | S-prar raisoam by the
Btk simdy, 1 Am. Coll, Cardial 84 (0 (38040 851 -850,

I%E] 5 Fnsdkin B Ryan, T, Marshall, frasin lahiscers and JRIZED worieg in UK
mﬂﬁ;ﬂhlmhh-h*, Br, 1 Genm. Praci &7 Pe8) (20075

=71 tmanihn‘dW
Eheraprolic

effect alse for seducti ry boari
dﬂ-mmmmlmmmmmﬂ
10 D] Saruscandin, X150 1.
OR Theenpeos, H-ULLAW. Gip, Necommendstlons for e wie of LOL aphereis,
Anherowcheroils 198 (1) () pAT-E55.
[5%] 8. Perred, R Verbwok, M. Randbu, ot b, ldeal candomouie ek infumors
cimdivvainler dbrawe ok aiscclaied with high lpoproteinga) levels snd
o FFHC-Hosfull prosgentive popailation , Aifverincleroat 336 (HIIT] 4751
[%0] 5.5 Micholls, WALW, Taag, 11 Scofftme, ot al., Lipopreiviaia) lrvele snd g -som




4L Cegls, ot ol

mmthdtwqmdmu-“.nuqﬂmjm
(L) {2000} MSE-3081,

[61} GH. Thomguom, V8UG. Slaher, 5 Matibews, e ol Pamilis) Bypacholen srobamia
regresben ilialy - & parabaiabied D of hondessiy Bpeproicin aplnrus, Lancet
345 (ANA) (1) HNI-BIA,

TE2) S Adsois, A She, B OBeien, ol al, Aelstiombip of spolipoproieing A1 sl B,
srd Hpopioasin] 61 o capdbsasdilan oabisses the AM-HICH trial [mthero-
iheermbeonn intprverion i eriabolic vpedsomes wih low 1L Rkgh migloct e drl
Imtpantt ont global healih sutcoase), B Am Coll Ceedicl 62 (170 {2003} 1575-1579,

el W, Wel, X H, LL QP Peng, o8 a1, LPA vanians are iosscisiod with cealdaal
cardarvwniler risk in pailenin reoelviag matles, Chroulaken 138 173 (30185
LLELE T )

BEA] P, Willieir, LML Risficer, F.J, Miesdd, o al, Raseline snd on-statis irestmen lps-

lrvels foe praediciion of raSovscular evens ladivideal
meti-anlyils of wetin sutcemse ik, Lencst 392 (13055) (308K 121 1-12310

[63] 5. Teimikas, Fhlllp, ©. Mers, CW, Yeang Josoph, Suth therpy Isennines lipo-
aﬂi}hﬁ. ur, Feart J, {300 9), birpacy el arg 1001090 parkede A ele S 10

(58] © Seelaraind, &, DAbesswmadei, G, Rusel, of o, Treatmen of syragmematic HyporLpla)

wiith LL-spherode » mulsicrnen wudy, Athsmarlmes Sepgl. 1D
CE) (3009 Bl

[57] ®. Roeneler, U, Bulins, F. Hletgl, e ol Lipeqeoicln splesest lad
seclaled cordiovanle divraie; provpective 5 Vesrs of fol s s spolipaprs
peinfa) ehirsrerinaing, Artsrescler. Thromb Vaic Bisl, 36 09 (2008)
20152027,

(58] B Rarger, Y. Richter, Iv, Hagel, o al, Longidinal cobor sy o the elist
tiveness of [l apheieis st b redeer high brvely and poe-
vinl majer sdverse cresnany aven, Nan DN Pract. Candbsvane. Med. 6 (3} {50}

169) T Ehaa, LY. Hiw, AR Asal, & al, Aphévrils oo oovel trestmesd s refeactery
engiea wiith sulwsd bpoprossinier & redomined oeteslbed comssver lal, B,
Heart J. B3 (360 (3007 8581 -0545,

179} LA Carisos, A Hesvien, & Asplond, Possoraceed lowesing al wwrarm levels af 1i-
paprairin [pia ) b Byperl s uaecns coealed with picotisic sl 5. islem, Med
36 (4] (AR P -Thh

170) WE Bosden, LL Peobuifichd, T. Anderssn, et al, Miatin in patiesin with jow DL
chobmienl levelh recelving lsieriee ssin terspy, M. Bagh 1. Med 555 (34)
[0 Ly 252007,

721 L, andray. B Hapne, L2 opewd], o al, Bect of extoded relesss miscis
with larapipesnd in bigh-risk patienss, ¥, Frgl. J Med, 37] (30 (204 283-112

73] [l Chasmas, . Shilnaen, LY.L Tee, ci al, Pelymophiun in the spolipoproisia
1) gene, plasas lipopioaeialal, candisiscular dbrais, and| low-doir sapinin
therapy, Afveroackermiy 23000 {35 (2009) 371-374,

Fa] JM. Gaelase, C. Beedons, I Coppobrochia, ot all, U ol asgirin o medece risk of
mhial vasrular events i it 8 raodeiate cob of cadovocule doene
GAMRIVEE & randorhed, deoble Blind, placetn-cramallad misd, Lanoea 303
TS (0 RE} 1036 RiHG.

[7%] .0 Mchiesd, B ¥Wolle, B.L Yools, o al, ENect of ssplitn on cinlieviocelac eveais
wia] ledding s the bealthy clierdy, B Bagl 1 Med 378 (i) (23180 15051514,

78] A Mupawen, Bl Arsvs, ML Alisfiee, 'f, Kansgavs, T Matusmot, Sapiria redeces
apndipapredeinla b AR a1 prodacion in e Bepstocyied by soppresion of ap
() pevie iramicriphion, 1. Bl Chem. I74 (48) (19999 M101-04105,

[FF] ML Akaile, W Assns, A Bagawa, et ol Effect of ssphin tresimemi on wvem
woncrretion of Bpeprselnial in parkes with sberescleratk dbeiies, Chia
Chew. 8 {9 {2000 14541459,

[7H] L Raad, P, (ugliane, MLE. Sabusine, o o, Keduciin in Bpaproicicia) wiih

Athrraiclerosl 2900 (J019) d2-70

PCSKY mmschonal mnilbody evolocamab (AMG 1), 4 A Coll, Cardiol, &7 0170
{E0i 4] 1Z7H-1 e,

9] ML Ohenaghar, 5. Paio, L. Glaglian, o sl PCSER
sl cardborvacalar tliki Fsdghis from the POLURIEK rlal, Ciroulsiion 139 (12)
(I S4AR-T451,

L) llﬁ'lwi'ﬂ.lﬂ-hnﬂiuw-hHh-m
ikl bk ared majer sdverie catdineisiilal evelic Pocled o mbraromsl
phane 3 tolals, Asheroscleronic 288 (I0R5] 194-200, hupeidsl srp 11016

- rﬂﬂﬁﬁﬂ:ﬂllﬂﬁﬁ

] Tursikoa, M.J. Viney, 5.0. Hughed, of sll, Ansiseese Sheragy largeting spalips-
proirindak o redemi, placetor cvatolled phace § stwdp, Lanecl
85 (R0 (2005 T340
13y ML Sarne, )G Robilssss, AL Lichomisen, & al, ACC/AHA paidicline oo iha
o leborsd] ok i i recdace scherackeenls canlovascubas il b
bulis & pepornt of the Americen Callegs of Jbamiprican hear gasistion
E feroe o pesotioe geldeline, J. Am. Coll. Cardiel. 63 (35) (3003) Ma0-204
a,

1E] Masiesal [rntbite for Heald and Care Bxceliencr, Cardirvascolar divesr rids s
e arad redactbon, induding sl modifestlen, Clin. Golddl 181 (20140

[B4] J. Dranfickd, | Simpson, K. Readory, o ol Jeiai Britiih Secksbs” oerriers fe
camivalBond o s grevoatbin of cardiovasrdar disass (IRTY, Hean 100

(2004p 1-57,
[B5] MK Boffa, & Sireoges, M. Kb, r.umm lJF.'I'III.LH.I. Riachinaky,
Lipogivaialal asd devondaiy i m criical

apprabisd, 1. Cin wlnmimun:ﬁum

[#5] & Taimikas, 5. Fadio, KJ, Vieey, T X, J1 Wirgimn, B M. Meosvin,
Felssioaahip of bpepreleina) moler conomiratiom asd mam scomding o i

ihrrshalls ssd apolipopreelalal soksnm siee, J. Cin. Lipidul 12 (5]

{PORE] 1AE3-1A

[87] 5., Polrevsky, DL Alsnasicvs, M5, Salarova, e all, Spocific Lpia) apheris o
ﬁ?}:ﬂmm Atlieroiclraili Sappl. 30 (01T

[88] M5, Sshariee, BP. Glugane, A C. Ecech, o al, Evolomamab and clindral cucooasen
TrmIﬂMMEM.J.HﬂmHH[ﬂlﬂ

(%] D, Ssmies, FJ. Raal, AL Catapire, JL Wilrtumn, £ Sankagm-Thissm,
5. Teirrdlows, Slipomersm, an s leme

e 1] riads, Arverioseler. Theemb. Ve, Bial. 35 (1) (2609} s9-5%3,

[99] PR Duel, LD, Santon, A Kineen, J.L Witmss, 5. Telmiias, AP Kotcleta,
Lisrgtrsm mipomeries iresimend b maccisied with o redactian in andioss souls
wvamin bn parieras with familial hypeiholeserobonia, 4. Cin. Lipidal 10 (43 §3068)
161 E-1021.

[91] P, Cossron, §. Shah, HM. Dusley, of ol Salry of snscotespib in pazksas with o
s high rink oy soromany MMHMJ.HHH (20180 DA0A-1415,

192} MK Collsboratien, Ebecty ol anacprspl in patbests i scherotcleob: vl
ibeass, B Eagl. J. Wed 7T (1) (300 7 LE17-1327.

(LE]] lﬂmﬂﬂﬂlﬁ.ﬂqﬂ EA. Fislier, 5JF. Hellron, Changes bn lipopioicn
fa) Fellzurd A Peart F, 197 CHILE] | T5=0 06

[S4) P4, Lasderisom, LI, Eristeraes, B Ridpway, o ok, U of te thyrokl homose
snakigies In parin-aeaied dyslipliomda, B Bagl. 0 Med 353 (100

00 0 e

%80 MG, Shipal, J A, Slmon, B Vininghel, o2 l, Fxtrogen and progruin, lipopmesn
Gk, aned e riek of revusmen cosenany bearn disnine cveals sfier menepine, LA1A,
J. A bled Adee, 383 (040 (000} 18451052,







