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Fat and ChO'GSthO' *  YTEIGEPYETOL GTNV OVATTUEN VEVPIKAV
are
GOOD cuvoéoumv tov KNX og Bpéon kot wondid.
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Uffe Ravnskov, MD, PhD TOV KUTTAPIKOV LEUPpavVOV .
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*  AmOTELEL GLUTVKVOUEVT TTNYT EVEPYELNG.
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Dvo102.0V1IKN ALOKOROVET TS ZVYKEVTPMONS
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AlakOpovon ot LEGT TIUN TV ETUTEOMV OAIKNG YOANGTEPOANC CGE TOLOIA KO VEOUC

(mAcia 3-9 etov) NHANES Survey 1999-2004
Ford et al Circulation. 2009;119:1108-1115




Owoyevic YTep0ANGTEPOLULULLY, @

* KAnpovopkr voGoAoyikn oviotnta 0mov mopatnpeitor cvocopevon g LDL Aoywm
YEVETIKNG COANAYNG
*KAnpovopeitor e ToV 0TOGMUIKO ETIKPATOVVTO YOPUKTIPO

*AvEnuUEVN EMIMTOON TPOIUNG KOl EXLTAYVVOUEVIS AONPOUOTIKTG VOG( L

Opéivyog Mopon EtepoCuyog Mopon

*OMkn XoAnotepdin> 500-600 mg/dL Oy XoAnotepoAn> 270-500 mg/dL

*Enintoon: 1/1.000.000 yevikod mAnOvcpov “Enintwon: 1/500 yevikod mAnBucpod

P2 e Ve iy | s *~50% tov acBevov Tapovctdlovv

nAior Kapotyyelokd cOupapa o nAkio< 50 etov

*Odvatog e NAkia<30 gtV ) . .
508 *Movo ~15% acBevav eivon eledBepot

*XopnM) avTomoKpion o8 QUPHAKEVTIKT cuBOpATOV 6TV NAKio TV 65 TGOV

Yoy



Frederickson Classification

Phen otype ljif_qg_rg(_tin

Fam v'likarl_ {)f{ordcr

Type 1 Chylomicron

Typella  LDL

LDL
VLDL

B-VLDL

VLDL

Chylomicron
VLDL

Chylomicronemia

Familial
hypercholesterolemia

Familial defective
apoB

Familial combined
hyperlipidemia

Familial combined
hyperlipidemia

Familial dysbeta-
lipoproteinemia

Familial
hypertriglyceridemia

Familial combined
hyperlipidemia

Severe
hypertriglyceridemia

Genelic
Etiology

LPL or Apo (Tf

deficiency

LDL receptor

mutation

Apo B-100

mutation

Unknown

?Apo E2/E2?

Unknown

Unknown

Secondary

Causes

Systemic lupus
Monoclonal gammopathy
Hypothyroidism
Cushing's syndrome
Glucocorticoids
Nephrotic syndrome
Anorexia nervosa
Hepatoma

Obstructive liver discase
Obesity

Cushing's syndrome
Glucocorticoids
Nephrotic syndrome
Growth hormone deficiency
Obesity
Hypothyroidism
Monoclonal gammopathy
Obesity

Diabetes mellitus
Von Gierke's disease
Acromegaly
Hepatits

Alcohol

Uremia
Lipodystrophy
Estrogen

Pregnancy

Diuretics

B-Blockers

Obesity

See Type IV
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Ecginin tme Adnpopatnons

Presence of coronary |Presence of coronary

fatty streaks atheromas
% of patients % of patients
90 90
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80
70
60
50
40
30
20
10

2- to 15- 21- to 39- 2-to15- 16-to20- 21-to 25- 26-to 39-
year-olds year-olds year-olds year-olds year-olds year-olds

P = .001 for trend

Berenson GS et al, N Engl J Med, 1998



H evéobniiaxn dvciettovpyio amoterel T
TAEOV TP PAAPN TG adnpoudTtoong
H éxtaom g abnpopotiknig vocou

oyetileTon pe ta emimeda

Mapayovreg Kivovvou kot AOnpopatoon

OAkng XoAnotepOANG
LDL XoAnoctepoing
TG

Apmprokng [lieonc
Aorta

Coronary
Arteries

Berenson et al, Bogalusa Heart Study. N Engl J Med, 1998



ITopeia Nocsov 6 FH

Cumulative exposure (cholesterol yrs) by age
FH vs. unaffected (healthy) individuals
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HoFH HeFH individuals
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H exonimwon otepaviaiog vocov oyetileton e Ta Anmovpyio MT®OGV YPOUUUDGEDV GE 0LOPTN
enineda LDL yoAnotepoAng kot tv nAikia tov Too1ov pe opodlvyo FH
actevay Horton, et al. J Lipid Res. 2009;50:5175

Heart. 2006;92:1701-17/06



I Erittoon kot 'Extoon Zrepoviaioc Nocov og FH C=

~#— Non-FH Women CAD extent related to gender and age

—— Non-FH Men
~&— FH Women
—&— FH Men

Cumulative
Probability
of Clinical CAD

o
-
S
o
@

€
o

]
%
)

Q

<<

(&
s

R

B
o

=

Age (years)

29 21

Ot avdpeg acBeveic pe FH £govv vynAdTepn

H éxtaon g otepaviaiac vooou oyetileton pe tnv

TOAvVOTN T EKONAMOTNC OTEPUVIOING VOGOV GE nikio kot To VAo og aceveic ue FH

GYEOT LLE TIC YOVOUKEG

Stein et al, Am J Med. 2002;112:35-9S
Neefjes et al, Atherosclerosis. 2011;219:721-727
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Autosomal dominant

Affected Unaffected
father mother

e Owoyevng YmepyoAnotepoiaipio
—  MetadAraén oo Yovidlo Tov VITOOOYED,

B Unaffected

e Owoyevng Awatapoyn s ApoB-100  [wtee

—  MetdAraén oo yovidlo g

[i
\
* Movoyovikn YrepyoAnotepoiaipio Q

—  Metdhraén 6to yovidlo Tov
Affected Unaffected Unaffected Affected

son daugmer son daughter
U.S. National Librany of Medicine

Mutation
PEG4L, L4EﬁP 329x, E207X, D200G, ESOK, WS3+1G=A, D4G1H, AG197, fs206, 363X, WEBG, V408M, D206E, CE5ER,

K290

D374Y




2.3%
PCSKY9

14%
205

210 67% TtV acOevov 1 voooc opeidetal e petdAracn tov vrodoyéa g LDL yoinotepOAng
210 16.7% t00v acBevarv 0ev amopovmveTal To vTELOHVVO YOVIOL0 YL TNV EKONAMGT TS VOGOL

*O apvNTIKOG YOVIOIOKOG EAEYYOC OEV OTOKAELIEL TN VOGO
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IpoinnTikoc Eieyyog og Ilarora

Screening
¢ Universal screening at age 9 to 11 years with a fasting lipid profile or nonfasting non-high-density lipoprotein (HDL)
cholesterol measurement is recommended to identify all children with familial hypercholesterolemias (FH). This age
identifies individuals at the potential onset of advanced atherosclerosis, and provides the best discrimination between
those with and without inherited dyslipidemias by avoiding confounding due to changes in lipid levels associated with
puberty.

It a nontasting non-HDL cholesterol concentration of =145 mg/dL 15 detected, then a tasting lipid profile should be
performed.

Screening should occur earlier (=2 vears of age) in the presence of a positive family history for hypercholesterolemia
or premature coronary heart disease (CHD) or the presence of other major CHD rnisk factors.

e [dentitving FH 1in someone with other major CHD nisk factors 1s critical for risk stratithcation.

e Evaluation (history, physical examination, selected laboratory tests) of possible secondary causes of dyshipidemia
should be performed. Secondary canses include hyvpothyvroidism, nephrotic syndrome, and liver disease.

Daniels et al, Journal of Clinical Lipidology.2011;5:S30-S37
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Screening
Non-fasting non-HDL

—+ Perform fasting Lipid profile
cholesterol =145 mg/dL

Fasting LDL cholesterol —+ Suspect FH in patients
=160 mg/dL or non-HDL <20 years of age
cholesterol =190 mg/dL

Daniels et al, Journal of Clinical Lipidology.2011;5:S30-S37
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1. Pure elevated cholesterol
- Nephrotic syndrome
- Hypothyroidism, hypopituitarism. idiopathic hyperc
- Drugs: isotretoin '
- Anorexia nervosa

alcemia

2. Mixed dyslipidemia (hypercholesterolemia and hypert: iglyceridemia)
- Diabetes type 1 and 2, metabolic syndrome, obesity, lipodystrophy
- Drugs: antiretroviral therapy, anabolic steroid, oral contraception
- Ketogenic diet, alcohol
- Chronic liver and renal disease

- Pregnancy
- Turner syndrome, Klinefelter's syndrome )
- Cancer survivor, burns, HIV, systemic lupus erythematosis, rheumato!

arthritis

Glycogenosis (type ), sphyngolipidosis (Niemann-Pick)

Descamps et al, Atherosclerosis.2011:218;272-280



Awayvoen Otav Yrapyer I'voor)
Merailoin og T'ovioto

Patient with a clinical diagnosis of FH

l

Has an FH gene mutation been identified?

Yes 4 No

Use the mutation, and not LDL Use specialized gender- and
cholesterol measurements, to age-specific LDL cholesterol
identify affected biological criteria to identify affected

relatives biological relatives

Include at least first- and second-degree (and if possible, third-degree)
biological relatives

Renée Ned. Office of Public Health Genomics at the Centers for Disease Control and Prevention



criteria for dagnosis

Box 1: Dutch Lipid Network clinical
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Kpumpuo I'io K2avikn Awoyvoon'SS

TAELE 1. MED PED sc
hypercholesterolemia

LDL-C values
130 ma/dl
330 maddl
190-250 mg/dl
I50-190 ma/l
Personal history
Promature coronary heart diseas
Premature cerebral or peripheral vascular disease

ore forthe diagnosis of famili|

2ol

Total score obtained

=8 points

6-8 points

L 3-5 points
Family history P

First degree relation with premature coronary heart disease
First degroe relation with LDL-C>95 percentile
Children <18 years with LDL-C>95 percentile
Physical examination
Presence of xanthomas
Presence of comneal arcus (<45 years!

Gonetic tests
Mutation of the LDL rect
s cholesterol bound to low density lipoprotains.

plar gene

L DL -C indicate

Heterozygous FH

Definite
Probable
Possible

Report of familial Hypercholesterolaemia. Geneve: World Health Organisation, 1998.



Description

General population 95™ percentile

80% have FH in first-degree relatives
B80% have FH in general population
99% have FH in general population
99._9% have FH in general population

}

Kpuripro Kiavikng Awayvoong

LDL cholesterol (mg/dL)! by age

Age =20
130
150
190
220
240

Age 20-29
160
170
220

240
2a0

‘Otav 0gv GUVOTAPYEL OIKOYEVELUKO LOGTOPLKO
vagpmdaipiog 1 Sdyvoon tibeton os:

e Presence of a causal mutation for FH by DNA testing
together with category | to 2 LDL cholesterol levels.
Presence of a tendon xanthoma with category 2 LDL
cholesterol levels.

Patient age <<20 years with category 5 LDL cholesterol
levels (no requirement for multiple affected family mem-
bers). Only probable diagnosis of FH is made in older
persons with category 5 LDL cholesterol levels without
additional family information.

‘Otav cuvuTTapyEL OIKOYEVELOKO LGTOPLKO
vaepamdapiog 1 o1dyvoon tibeton o&:

e Category 4 LDL cholesterol levels in one family member

together with category 2 cholesterol levels in a first-degree
relative. Only a “probable™ diagnosis of FH can be made
for category 4 cholesterol levels without additional family

information.

Any two first-degree relatives with category 3 LDL cho-
lesterol levels.

First-degree relatives of a “definite” FH case with cate-
gory 2 LDL cholesterol levels.

Hopkins et al, Journal of Clinical Lipidology.2011;5:S9-S17



Kiavika Xnuetio

1. Tevovtia EavOouota (CLGGOPELGT VOV KOALAYOVOL Kol
APPOODYV KLTTAP®V)
-EVIOMIOT G€ AYIAAELD TEVOVTO, TEVOVTO TNE KVIUNG, TOV
AYKOVO, TNG POYLOiog ETPAVELNS TOV AKPOV XEPDV)
-6€ opoluymTeg epeaviovtol 6€ oK nAkio, G€
etepolvymteg o€ NAkia~20 etmv
-10 75-86% 10V ac0evav epeaviCel avtod 10 KAVIKO onpeio
- YOPOKTNPLOTIKA oMUEin TNG VOGOU ALY 0L
To00yVOLOVIKA
2. Zavleldopata (evamdbeon yoinotepding ota PAEQap).

3. T'epovidtolo -Arcus Cornile- (evamdbeon yoAnotepOANg

GTOV KEPOTOELON )

Yuan et al, CMAJ 2006;174:1124-9
Raal et al, Atherosclerosis.2012:223:262e268



AZovikn Topoypooia 64-toumv og Ounolvyo FH

AcOeviic 1 Aclevig 2
a 4—“//’ ) B / 2
3 "_;7 e~ ¥ O1 aoPeoctouévec mAdkeg ameikoviCoval ue AGmTpo
\ = - = -
\ o B

YPDOUO, EVAD 01 MTMOELS LUE KITPIVO YPDLLOL,

i AcOeviic 1: HAikiog 21 etdv mwov vroPfAndnke oe

CABG kot avtikatdotaon AV ce nAikia 15 etov

(Ouoluyog FH)

AcOevic 2 Acvuntopatikoc achevig 15 etov otov
\\ ‘ 14 4 14 4 4
. *\ 07010 avadEIKVOOVTOL TPOIUES PAAPEC GE nopTY| Ko

oteQavioia ayyeia.

Raal et al, Atherosclerosis.2012:223:262e268



MRI o FH

Eykdpoieg Topuéc ¢ kotiovcog Ompakikne aoptng o€ acLUTTOUATIKO ac0ev pe FH 6mov

AVOOEIKVVETOL 1] TAYLVGT TOL £6M —HEGOV YITAOVOL.

P. Caballero et al. Atherosclerosis.2012:222:468— 472
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Toutouzas K et al, JACC, 2012 ;59(18):1645-53
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‘Eieyyoc Xe Méin Owoyeverov Me FH

Cascade Screening
& Cascade screening involves testing lipid levels in all frst-degree relatives of diagnosed FH patients,

¢ Az cascade screening proceeds, newly 1denthed FH cases provide additional relatives who should be considered for
ECTCEnIng.

¢ Cascade screcning 15 the most cost-eftective means of finding previously undiagnosed FH patients and 15 also oost-
eftective in terms of cost per year of lite saved, General population screening of a young population {hetore age 16)
15 similady cost-etfective in terms of cost per year of hife saved, given that effective cholesterol-lowenng treatment

15 begun in all those identihied.

S.
Person diagnosad with FH and 2
gene alteration Is found

Immediate blood relatives (parents,
brothers, sisters, children) are identified
dentified and

Hopkins et al, Journal of Clinical Lipidology. 2011:5;S9-S17
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=2 years
=2 years

10-14 years

14-18 years

=18 years

2votooceg o Ty Ogponeia Etgpolvyne FH

Indications Treatments
AllHeFH children Rino active screening, no diet.
AllHeFH children Rilifestyle, diet, no smoking, physical activity

Only HeFH children with LDL-C = 4 mmol/L Rfprescribe statin to achieve a LDL-C reduction of at
(=160 mg/dL) despite effort of diet and one of the least 30, If intolerance to statin, ezetimibe 10 mg/D
following conditions:

- a proven mutation

- or a familial premature CVD

-or LDL-C

- or presence of

Same indications as above Rftitrate dosage of statin, change to more potent statin
olerance to higher
< 3.4 mmol/L
(=130

AllHeFH patients R/titrate d of statin, change to more potent s
or add ezetimibe (or nicotinic acid if high TG or low
HDL-C) to target LDL-C <2.5 mmoel/L (<100 mg/dL).

Descamps et al, Atherosclerosis.2011;218:272-280



MD of FMD ( %)

Evepyetucn Entopaocn Ztativey

2tnv Ayyewoki Noco

P=0.005

80 120 160 200

duration x treatment intensity
months x arbitrary units

P<0.001

0 20 40 €60 80 100 120 140

Duration x treatment intensity
months x arbitrary units

Xnv Khviki ékpoon

>

Benefit from lipid therapy (Endpoint: Death)

Yos
—

Survival probability

Age (years)

Benefit from lipid therapy (Endpoint: MACE)

— s
= No

Survival probability

Masoura et al, Atherosclerosis:2011:214;129-138
Raal et al, Circulation. 2011;124:2202-2207



-O- Statin-80
®- Ezotmibe plus Statin-40/£0
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Ye acOeveic pe opodluyo FH ov dhafav cuvévacud eletipipmng pe otativn Topatnpionke
peyaAlvtepn peioon tov emumedwv LDL yoAnotepoAng o€ oyéom pe avtovg mov eAdupavoy povo

otativn (20.7% évovt 6.7%, P=0.007)
Gagne et al, Circulation. 2002;105:2469-2475



Pntivec Acopevong Xomkav OZémv
Koieoeperoun

Total population  Statin-naive  Statin non-naive [l Colesevelam HCI 3.75 g/d
202 49,04 B Colesevelam HCI 1,875 g/d
P=.0N Placebo

425 £202
P < 001 106 +2.38
P< 001
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e [lapatnpnOnke ntdvon e LDL yoAnotepoing otnv 81 efdopdda otic opades mov eAdupovoy
Koleoefehdun o€ oyéon pe v opdoa eréyyov. H xoiecefBerdun oe avtiBeon pe moiondtepa
Qappoxa g idtag Katnyopiog (m.y. e T yoAecTupapivn) eneovilel Tic nmoTePES
YOGTPEVTEPIKES OLOTOPOYES KO EIVOAL KAADTEPA AVEKTT

Stein et al, Pediatr 2010:156:231-6



2OUTENPUGUUTO, @

« H FH oamotelel peiCova mapdyovia KvoOvVou Yoo TNV  EUQAVION
KOPOLLYYEWNKNG VOGOL KOl TNV TPOIUN EKONAMGCT  KAPOLOYYELLKDOV
VO LAT®V

e X10%0C TNG TPOANYNG KOl TNG £yKoupng owyvoons tov mowlov ue FH
Bdon tov KotevOuviNplwy oonyidV Egivow 1M TpOWN OepameLTIKN
mopEuPaon Kol 1 aviyveuon Kot AAA®V UEAMV TNC OTKOYEVELNC TOV £YOLV
70 TaBOAOYIKO YOVidL0.

e Qaivetonr OTL 1 ACEAAELD KOL T OTOTEAEGUATIKOTNTO TNG HOKPOYPOVIOC
YOPTYNONG POPUOUKEVTIKNG Y®YNG G€ ToudlaTptkovg aceveic ue FH pével

vo, 01EpELVNOEL GE LEYAAEC TPOOTTTIKEG KAIVIKEG LEAETEC TTAPAKOAOVONOTC.



Which would you rather have, a cholesterol test
or afinal exam?  _ ™,

For many, the first sign of heart disease is a heart
attack. Did you know that one out of two adult
Canadians is at risk of developing hean
disease because they have high cholesterol?
And that cardiovascular disease IS the
leading cause of death in Canada?

.

A

High cholesterol is a major nisk factor
for heart disease but managing you
cholesterol can be quite simg

I anmy of these apply to you,
cut this screening test out and ask

your doctor about getting your
cholesterol tested:

Waman so years or older

Man 40 years of older : ;

Heart disease (angina, heart » 1-877-4-LOW-LDL

' (1:877-456-9535)

www makingtheconnection.ca

St you will rece

attack, cotonary bypass, stroke,
angioplasty)

Diabetes

Family history (mother, father,
sister, brother or grandparent) of
hearnt disease or high cholesterol

Two ot more of the following:

free bookiet des
LOnNeCIK
ot heer! di

Wakin

( onnecltion



Autosomal dominant

Affected Unaffected
father mother

um |

B Unaffected
[ ] Affected

m] | [ ] | (] |

Un

Affécted Unaffected Unaffected Affected
son daughter son daughter

U.S. National Library of Medicine







2vetaceig o Tnv Mpoznyn Kot Awgyvoon

Recommendations on screening and diagnosis.

1. When to measure cholesterol in children?
Mo universal screening-After 2 years
In a family where HeFH has been identified or suspected (clinical/genetic
criteria)
In a family with a history of premature cardiovascular disease (<55 (M),
<65 (W))
If one parent has primary hypercholesterolemia
If at least 1 risk factor is present: obesity, high blood pressure, diabetes,
smoking, HIV
2. What to measure?
1st measurement at the time when suspicion is raised: total cholesterol,
LDL-C, HDL-C, TG (fasted state is not mandatory)
2nd measurement in fasting state {with biochemical analyses to exclude
secondary dyslipidemia)
3rd measurement after 2-3 months of normocholesterolemic diet
3. Diagnostic criteria for HeFH
Confirm vertical transmission (collect cholesterol data of the relatives)
L"l:lnﬁrm HeFH in one of the parents {includes genetic testing, if needed )
LDL-C>3.5mmol/L(>135 mg/dL) in the suspected child. NB: if
LDL-C < 3.5 mmol/L (<135 mg/dL), repeat the LDL-C measurement one
year later (<5% HeFH).
Confirm by genetic test (LDL-receptor; APOB) in the suspected child

Descamps et al, Atherosclerosis.2011;218:272-280



reatment algorithm

/— Ph

children over the age of 10 years

armacologic intervention in

(Following dietary trial fatlure)*

\

|

Fasting plasma lipid profile- based on two measurements

| |
/- N N

| 1
LINAC=100 Ing/dL With positive LDL-C >130 mg/dL if diabetes
family history of early CHD

28 9 mellitus is present or definite
Or two additional risk factors

diagnosis of heterozygous FH

S

Y In the abxence of visk factors or familv history, the AAP recommends treatment when LII-C iy above 190 my/dl.

We reconmend that in such cayes a dectsion 1o reat is goceptable since atherosclerosis iy a progressive disease

Jowever, since it 1y wknowsn whether stating may have different effect if started after adolescence, these aptions

howld be discussed with the fanuly,
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Genetic Screening

# Genctic screening for FH 15 genemally not needed for diagnosis or climcal management but may be usetul when the
diagnosls 15 uncertain.

¢ [dentihcation of a causal mutation may provide additional motivation for some patients to implement appropriate
treatment.

& [mportantly, a negative genetic test does not exclude FH, since approximately 205 of climeally defimite FH patients will
not be found to have a mutation despite an exhaustive search using cumrent methods.
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H tpéc g LDL yoAnotepding Paom nikiog mov mpoéPfienav v diryvaoon FH Bdaomn yovidiakon

EAEYYOL MNTAV YOUNAOTEPES GE GYECT LE TIC OVTIGTOLES TNG KAVIKNG O1dyvmonC.
Hopkins et al, Journal of Clinical Lipidology.2011:5;S9-S17
Civeira et al, Am J Cardiol 2008;102:1187-1193
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Tier 1I; Moderate risk
Heterozygous FH
Type 2 diabe
disease
asak) gisease
COCONATY INEUNYSm

Cardiovascular risk factors and comorbidities
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Step 4
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Kavey et al, Circulation 2006;114:2712



30 to 69 days

.

70 to 175 days 176 to 408 days 409 or more days
Days of ezetimibe therapy

* Avadpoukn HeAETn o€ 36 mondtoTptkong
acOeveic pe dvohmdaipio €K TV omoimv o1 26
elyav FH.

>¢ dtaotnua 105 nuepwv Bepameiog
mopotnPNONKe LEl®ON TOV EMTEIWDV TNG OMKNG
kot LDL yoAnotepoing (p<0.001) oe acbeveig
ue FH. Agv mapatnpnOnke petafoin ota
enineda TG.

*Agv mapatnpnOnkov avemBounteg evépyeteg

Kot TNV KAVIKT Topokolovinon tov 3.5 Tov.

Clauss et al,J Pediatr 2009;154:869-72



