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OZET

Amag: Bu EAS Uzlag! Paneli, plazma disiik yogunluklu lipoprotein-kolesterol (LDL-K] seviyelerini digiirmek ve béylece kardiyovaskiler
riski azaltmak icin saghlkh bir yasam tarzinin bilegenleri olarak ilave bitki sterolleri ve/veya bitki stanolleri igeren fonksiyonel gidalarin
fayda-risk iliskisiyle ilgili kamtlar elegtirel bir sekilde degerlendirmigtir.

Yéntemler ve sonuglar: Bitki sterolleri/stanolleri (giinde 2 g alindiginda) kolesterol emiliminin 6nemli 6lgiide engellenmesine neden olur ve
LDL-K seviyelerini %8 ila %10 arasinda distrir. Kolesterol ve sterol/stanol seviyelerinin goreceli oranlart hem plazma hem de dokuda
benzerdir, sterol/stancl seviyeleri kolesterol seviyelerinden 500-/10.000 kat daha dagtktar, bu da ¢ofu hilcrede kolesterole benzer
sekilde islendiklerini digindirmektedir. Bitki sterollerinin/stanollerinin dolagimdaki sevivelerinde belirgin yiikselmelerin olast
aterojenitesine ragmen, bazi hayvan ateroskleroz modellerinde koruyucu etkiler gozlenmistir. Insanlarda 2 g/giin bitki sterolleri/stanolleri
alimiyla iliskili daha ytksek plazma seviyeleri, uzun vadell insan calismalarinda saglik tizerinde olumsuz etkilerle iliskilendirilmemigtir.
Daha da 6nemlisi, bu dozda, bitki sterolil/stanolil aracil LDL-K diisiisd, dislipidemik deneklerde statin dozunun iki katina egdeger olarak
statinlere katki saglar. Hipertrigliseridemik hastalarda 2 g/gin ile plazma trigliseridinde bildirilen %6-%luk dilsly bagka
degerlendirmelerin yapiimasini gerektirmektedir,

Sonug: LDL-K diigiigiine ve olumsuz sinyallerin yokluguna dayanarak, bu EAS Uzlagi Paneli, bitkd sterolleri/stanolleri iceren fonksiyonel
gidalarin 1) farmakoterapi igin uygun olmayan orta veya diisiik global kardiyovaskiller risk alundaki yiiksek kolesterol seviyelerine sahip
bireylerde 2) statinlerle LDL-K hedeflerine ulasamayan veya statin intoleransi olan yiiksek ve gok yiiksek riskli hastalarda farmakolojik

tedaviye ek olarak, 3) ve meveut lulavuz dogrultusunda ailesel hiperkolesterolemi olan yetigkinlerde ve gocuklarda (>6 yas)
diistinilebilecegfl sonucuna varmistir. Bununla birlikte, bitki sterolleri veya bitki stanollerinin kullanimindan Klinik fayda saglamak igin
kesin son noktalara sahip randomize, kontrollt klinik calisma verilerinin bulunmadig kabul edilmelidir.

© 2013 Yazarlar. Elsevier Ltd. tarafindan yayinlanmigtir. Tim haklari sakhidir.
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1. Girig ve gerekge

Devam eden obezite, metabolik sendrom ve diyabet salgin, diinya ¢apinda
giderek artan prematiire ateroskleroz ve kardiyovaskiler hastalik (KVH) insidansi
ile dogrudan iligkilidir. Gergekten de, Avrupa Birligi'nin KVH icin ayirdifi biitgenin
su anda yilda 196 milyar Euro oldugu tahmin edilmektedir ve bunun yaklagik yarisi
dogrudan saglik hizmeti maliyetlerine atfedilmektedir [1]. Bununla birlikte, KVH
icin yapilan harcamalari Avrupa Birligi'nin saglik sistemleriyle sinirlamak, gergek
maliyetini bityiik 6lgiide azimsamaktadir. Halk saglif harcamalarinin ogu tedaviyle
baglantilidir; bu da Avrupa niifusunun saghgm iyilestirmek ve sosyoekonomik
sonuglarini engellemek igin KVH'nin @&nlenmesine acilen yatinm yapilmasi
gerektigini giicli bir sekilde savunmaktadir.

Yasam boyu KVH riskinin risk faktéri yiki ile iliskisi tzerine yapilan son
calismalar, optimal risk faktorii profiline sahip bireylerin (iyi kontrol edilen kan
basinci ve kolesterol, sigara igmeme ve diyabetik olmama dahil), bu ana risk
faktdrlerinden iki veya daha fazlasina sahip olanlara gore yasamlar boyunca dnemli
dlgiide daha disik KV olay riski sergilediklerini agikca gdstermektedir [2).
INTERHEART'1n 52 iilkeyi kapsayan kesitsel calismasinda dokuz KV risk faktériiniin
siralanmast, dislipideminin tek basina miyokard enfarktiisd igin niifusa atfedilebilir
riskin cofunu olugturdugunu ortaya koymustur; Burada dislipidemi, aterojenik
olmayan apoA-l igeren yiksek yogunluklu lipoproteinlere (HDL) kiyasla aterojenik
apolipoprotein (apo)B igeren lipoproteinlerde (dustk yogunlukiu lipoproteinlerin
[LDL] baskin oldugu) taginan kolesterol fazlalif olarak tanimlanmistir [3].

Saglam veriler LDL-kolesteroliin (LDL-K) koroner aterosklerozdaki nedensel
roliinit kamitlamaktadir. Ug yil veya daha uzun siireli prospektif klinik calismalarda
diyet, statinler veya safra asidi sekestranlari il tedavi veya ileal bypass ameliyat ile
LDL-K seviyelerinde elde edilen diisislerin KV morbidite ve mortaliteyi dnemli
dlgiide azaltufn meta-regresyon analizlerinde gésterilmistir [4,5].

Ateroskleroz tipik olarak yagamin ilk otuz yilinda baglayan kronik, ilerleyici bir
hastalik oldugundan, LDL-K'nin erken disiirilmesinin 6zellikle koroner dolagimda
aterosklerozun  baglamasim  onemli dlgiide geciktirebilecegi veya hatta
onleyebilecegi sonucuna varimaktadir. Gergekten de, digik plazma LDL-K
seviyelerine uzun stire maruz kalmanin, orta yasta LDL-K'yi diislirmeyi amaglayan
mevcut stratejilere kiyasla KV riskte belirgin sekilde daha fazla azalma ile iligkili
oldufuna dair kanmitlar, kolesterol metabolizmasin alt farkh genindeki
polimorfizmleri igeren Mendelian randomizasyon ¢alismalarinin bir meta-analizi ile
saflanmstir [6].

Bu bulgular énemli bir soruyu giindeme getirmektedir: Saghk sistemine ek yik
getirmeden LDL-K yasam boyunca nasil diistk seviyelerde tutulabilir? Ozellikle
kapsamli beslenme ve davranis degisiklikleri LDL-K seviyelerini %20'ye kadar
diisiirebileceginden, beslenme aligkanhiklarimi da kapsayan yasam tarzimin ciddi
sekilde dikkate alinmasi gerektigi aciktur [7].

Karaciger, dolasimdaki LDL-K seviyelerinin baghca diizenleyicisidir. Sadece
dolasimdaki g¢ogu LDL partikilinin &nciisi olan gok disik younluklu
lipoproteinlerin (VLDL) olugum yeri degil, ayni zamanda LDL'nin goBu reseptor
aracill temizlenme yeridir [8]. Hem karaciger hem de bafirsak viicut kolesterol
homeostazinin merkezidir. Gergekten de, diyetle alnan trigliseritlerin lipoliz
yoluyla silomikronlardan uzaklagtirlmasindan sonra karaciger, ince bagirsakta
emilen kolesterolii tagiyan dolasimdaki silomikron kalintilarini hizla temizler [9].
Hepatik kolesterolde ortaya cikan artis VLDL salgilanmasim ve dolayisiyla LDL
olusumunu uyarir ve hepatik LDL reseptér aktivitesini asagl dogru dizenler. Bu tiir
olaylar potansiyel olarak plazma LDL-K seviyelerinde yitkselmelere yol agar. LDL'ye
ek olarak hem silomikron kahintilari hem de VLDL kalintilan kolesteroll arter
duvarina tasiyarak aterosklerozu baslatabilir veya siddetlendirebilir. ApoE eksikligi
olan farelerde ince bagirsakta kolesterol emilimi ezetimibe ile inhibe edildiginde,
ateroskleroz énemli dlgtide azalmugtir [10].

insanlarda, ezetimib ile kolesterol emiliminin engellenmesi, LDL'nin dolagimdan
fraksiyonel olarak uzaklagtirlmasimn artmasi nedeniyle plazma LDL-K
sevivelerinin dilgmesine neden olur, bu da silomikren kalintilar yoluyla karacigere
daha az diyet kolesterolii ulasmast ve ardindan LDL reseptdrlerinin yukan
regiilasyonu ile tutarhdir [11,12]. Kolesterol emiliminin ezetimibe tarafindan
engellenmesi, apoB48 {retiminin azalmasiyla belirlendigi iizere plazmaya
silomikron salgilanmastnin azalmasiyla da iliskilendirilmistir (Sekil 1) [12].

Dolayisiyla, kolesterol emilim yolunun, hem silomikron ve VLDL kahintilarinin
kolesterol icerigini azaltmaya hem de LDL-K seviyelerini dislirmeye odaklanarak,
dislipidemi ytnetiminde cazip bir hedefi temsil ettigi sonucuna varilmaktadir. Bu
yol, bitki sterclleri ve bitki stanollerinin éne giktigi bagirsak kolesterol emilimini
zayiflatan ajanlarla diyet takviyesi igin Klinik firsatlar sunmaktadir.

Avrupa Ateroskleroz Dernegi (EAS), kolesterol metabolizmas, bitkisel sterol ve
bitkisel stanol biyolojisi ve KVH konularinda uzman temel bilimciler ve klinik
aragtirmacilardan olusan uluslararasi bir Uzlasi Paneli toplamistir, Hedeflerimiz (i)
olgunlagma dncesi ateroskleroz ve KVH'yl onlemek amaciyla LDL-K'yi diiglirmek
icin bitki sterolleri ve bitki stanollerinin (bundan sonra bitki sterolleri/stanolleri
olarak anilacaktir) potansiyeline iligkin en son bilgileri elestirel bir sekilde
degerlendirmek ve (ii) KV riski azaltmak icin saghkli bir yasam tarzinin bir pargasi
olarak eklenen bitki sterolleri/stanolleri iceren gidalarin optimal entegrasyonu igin
éneriler sunmak olmustur. Bu oneriler, KV risk spektrumu boyunca KVH'nin
onlenmesinde klinisyenler ve saglik profesyonelleri igin rehberlik ve destek
saglayabilir.

2. Bitki sterollerinin/stanollerinin biyolojisi ve etki sekli
21 Kékenler

Bitki sterolleri/stanolleri, memelilerdeki kolesterol ile benzer islevlere sahip
biyoaktif bilesenlerdir. Bitki sterolleri, yan zincirlerinin yapisi bakimindan
kolesterolden farkl olan steroid alkaloidlerdir; bitki stanolleri ise bitki sterollerinin
Sa-doymus tiirevleridir (Sekil 2).

Small Intestine Liver

Diet

Lymph

Sekil 1. ince bagirsaktan kolesterol emiliminin silomikron kalintilart ve LDL'nin plazma seviyeleri
iizerindeki potansiyel etkisini ve damar duvari zerindeki zararh etkilerini gdsteren sema.
Bagirsak limenine dncelikle safradan ve diyetten giren kolesterol (Chol, C) degisen derecelerde
emilir ve lenf yoluyla dolagima tasinmak tizere silomikronlar (CM-C) halinde paketlenir, Burada,
yeni olugan CM’de bulunan triasilgliseroliin gogunun hidrolizi, normalde karaciger tarafindan
dolagimdan hizla temizlenen kolesterolden zengin kahnti partikiillerin (CMr-C) olusumuyla
sonuglanir, Fazla bagirsak kolesteroliiniin karacigere taginmasi, diigik yogunluklu lipoprotein-
reseptér (LDL-R) aktivitesinin ve endojen kolesterol sentezinin baskilanmasina veya hepatik gok
diisiik yogunluklu lipoprotein-kolesterol (VLDL-K) salgilanmasinin hizlanmasina ya da her ikisine
birden neden olabilir. Bu tir olaylar potansiyel olarak plazma LDL-kolesterol (LDL-K)
konsantrasyonunu yiikseltecektir. CMr'nin hepatik klirensi gecikirse, bu partikitller dogrudan plak
olugumuna katkida bulunabilir, Bu ¢esitli yollar birlikte, kolesterol emilimini sinirlayan ajanlarin
atercjenik plazma lipoproteinlerinde plak clusumunu zayiflatan olumlu degisiklikleri nasil ortaya
sikarabilece@ini gostermektedir,
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Bitki sterollerinin ana besin kaynaklari bitkisel yaglar, stiriilebilir yaglar ve
margarinler, ekmekler, tahillar ve sebzelerdir (Tablo 1); bunlar giinlik bitki steroli
aliminin %50-80'ine katlada bulunurken meyveler de %12'lik bir katki saglar [13-
15], Tipik Bati diyetinde, bitki sterollerinin giinlik ortalama alimi yaklasik 300
mg'dir [13.14], ancak vejetaryenlerde 600 mg kadar yiksek olabilir [16]. En bol
bulunanlar, bitki sterol aliminin sirasiyla %60 ve %20'sine katluda bulunan
sitosterol ve kampesteroldiir [13,14]. Buna karsilik, beslenmede bitki stanollerinin
miktari cok daha diigiiktiir ve giinde sadece yaklagik 17-24 mg'dir (agurlikhi olarak
sitostanol ve kampestanol) [14]. Tahillar, ozellikle bugday ve cavdar, bitki
stanollerinin en zengin kaynagidir.

22 Tapima ve dolasimdaki seviyeler

Bu besinsel bilegenler bagirsakta bitki sterolleri igin %0,5-2 ve bitki stanolleri
igin %0,04-0,2 oraninda diigitk fraksiyonel emilime ugrar [17]. Dugik emilim ve
karaciger tarafindan alindiktan sonra safraya etkili bir sekilde atilmanin bir sonucu
olarak, dolasimdaki seviyeler diigiiktiir, bitki sterolleri i¢in 7 ila 24 pmol / L (0.3-1.0
mg / dL) ve bitki stanolleri i¢in 0.05 ila 0.3 pmol / L (0.002€0.012 mg / dL) arasinda
degisir [18]; bu seviyeler, kolesteroliinkinden sirasiyla 500 kat ve 10.000 kat daha
dustktir,

Bitki sterolleri eklenmis gidalarin uzun siireli tiketimi (ortalama alim standart
sapmasi [SD] 1,1+ 0,6 g/giin), dolasimdaki seviyelerini (bitki steroldi tiiketimi ile 19
ila 30 umol/L [0,8¢1,2 mg/dL]) artirir ve bu da normal araliktakilerle értiigiir [19].
Bitki stanolleri eklenmis gidalarda (ortalama alim 0,6+0,4 g/giin), bitki stanollerinin
dolasimdaki seviyelerinde artis (bitki stanolii tiiketimiyle 0,3 ila 0,7 mmol/L [0,012-
0,028 mg/dL]) ve dolasimdaki bitki sterollerinde azalma (%16 ila 23) gézlenmistir
[19]. Bitki sterollerinin/stanollerinin ana lipoprotein simiflan arasindaki nicel
dagilim kolesteroliinkine benzerdir ve bu nedenle éncelikle LDL partikiillerinde
(%65-70) dolagirlar.

STEROLS

Tablo1
Farkh gidalardakd bitki sterol ve bitkd stanol igerikleri. Veriler mg/100 g (kuru agirhk, arabk veya ortalama deger)
clarak verilmigtir.

Gida maddesi Bitki sterolleri Bitki stanolleri
Bitkisel yaglar

Misir yag1 686-952 2333

Kolza yag1 (kanola yag) 250-767 212

Soya fasulyesi yaf1 221-328 7

Aygicek yag 263-376 4

Zeytinyagl 144-193 0.3-4

Palmiye yag 60-78 Eser

Tahillar

Misir 66-178 &

Cavdar 71-113 12-22

Bugday 45-83 17

Arpa 80 2

Dart 77 -

Piring 72 3

Yulaf 35-61

Findik

Yer fisuf 320 -

Badem 143 =2

Sebzeler

Brokali 39 2

Karnabahar 18-40 Eser

Havug 12-16 Eser

Marul 9-17 05

Patates 7 0.6

Domates 7 1

Meyveler

Avokado 75 05

Garlafelek meyvesi 44 Tespit edilmedi
Ahududu 27 02

Turuncu 24 Tespit edilmedi
Elma 12-18 0.8

Muz 12-16 Tespit edilmedi

e, Rapor edilmemistir.
Kaynak: Piironen V & Lampi AM (2004)'den uyarlanmigtir [15].

21 2 24 26
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Cholesterol / stanol ‘
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Gampesterol / stanol

~

Stigmasterol / stanol

e

Sekil 2. Bitki stanollerinin ve bitki sterollerinin kimyasal yapisi.
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ATP baglayici kaset ortak tagiyicilart G5 ve G8 (ABCGS/ ABCG8), molekiilleri
bagirsak limenine geri salgilayarak bitki sterollerinin/stanollerinin emilimini
kontrol etmede omemli bir rol oynar [20,21]. Fitosterolaemide, ABCG5/ABCG8
tasiyicilarmi kodlayan genlerdeki ciddi fonksiyon kaybi mutasyonlar, bitki
sterollerinin tiketiminden sonra normal bireylerdekinden 50 kat daha yitksek olan
plazma bitki sterol/stanol seviyelerinde dramatik artisa neden olur ve bu bireylerin
cogunda erken ateroskleroz gelisir (Kutu 1) [20-22]. Bununla birlikte, bu nadir
genetik hastaligin daha ayrintili ele alinmasy, KVH'nin dnlenmesi icin saghkh bir
beslenmenin parcas olarak bitki sterol /stanol tiketimine odaklanan bu makalenin
kapsami digindadir.

2.3. Doku seviyeleri

Bitki sterolleri/stanolleri eklenmis gidalari alan deneklerdeki doku seviyeleri
igin simrll veri mevcuttur. Saghikh insan deneklerde, bitki sterolleri/stanolleri
kolesterole gdre benzer oranlarda dokulara alimir ve genis bir aralik gosteren
(0,001-0,01 = 10-%) kolesteroliin bitki sterollerine/stanollerine orany, dokularda
tercihli birikim veya tutulma olmamasiyla tutarli olarak plazmadakine benzer veya
daha azdir (bkz. Ek Tablo 1). Benzer bulgular, saglikl kontrol deneklerinde ve
ayrica fitosterolaemide beyin omurilik swvis1 ve beyin dokusu igin de rapor
edilmistir [23,24]. Saghkl goniillilerde, karotid arter duvar ve stenotik olmayan ve
stenotik aort kapakeiklari icin doku bitki sterol/stanol seviyelerine iliskin veriler
mevcuttur [25-28]. Bu dokularda kolesterol icerigi 20 pg/mg doku iken, toplam
bitki sterolii ve bitki stanolii konsantrasyonlari sirasiyla ~0,04 pg/mg ve ~0,001
ug/mg dokudur. Bitki sterol konsantrasyonlar dokular arasinda biiytik farklihklar
gosterir (bkz. Ek Tablo 1) [25-30].

Kutu 1
Fitosterolemi

s Fitosterolaemi (daha dnce sitosterolaemi olarak anilan), ATP
baglayici kaset tasiyiclan G5 ve GBi (ABCGS5/ABCGE)
kodlayan genlerdeki nadir, iglev kaybi mutasyonlarindan
kaynaklanir ve gok yiksek serum bitki sterolleri (1,3 mmol/L
veya 50 mg/dL'ye kadar) ve bitki stanolleri (0,2 mmol/L veya 8
ma/dL) ile karakterize edilir [18].

e Baslica klinik belirtiler erken aterosklerozu igerebilir, ancak bu
komplikasyon degiskendir; ateroskleroz kaniti olmayan
fitosterolaemili gok sayida hasta vardir (D. Litjohann, kigisel
iletisim; E. Bruckert, 6zel iletisim). Erken aterosklerozun
variigi, eslik eden ciddi hiperkolesterolemi olup olmamasina
bagll gérinmektedir. Fitosteroleminin diger komplikasyonlari
arasinda hemoliz ataklari ve ksantomlar yer almaktadir.
Ayrica, 4 yetiskin fitosterolemik hastada elde edilen son
bulgularda ‘6nemli derecede ateroskleroz tespit edilmemis
olmas: dikkat gekicidir (E. Bruckert, 6zel iletigim).

o Bitki sterollerinin fitosterolemik deneklerin  aterosklerotik
lezyoniarinda serumda bulunanla ayni oranda Dbiriktigi
gosterilmistir. Bununla  birlikte, fitosterol/kolesterol orani
fitosterolemide plazma ve dokularda normal bireylere gére
daha yiiksektir.

e Plazma ve doku bitki sterolleri ve bitki stanollerinin belirgin
olarak yiiksek miktarlarinin doku birikimi ve aterosklerotik
siiregle potansiyel iligkisi belirsizligini korumaktadir.

Bitki sterolleriyle zenginlestirilmis gidalarin tiketimi sirasinda, stenotik aort
kapakgiklarinda kampesterolde 5 kat artig olmustur [28]. Bununla birlikte, bagka bir
calismada, bitki stanolleri ile zenginlestirilmis gidalarin tiiketimi sirasinda arter
duvarindaki bitki stanollerinin konsantrasyonu degismemistir [27]. Diyetle alinan
bitki sterollerinin/stanollerinin tiiketiminin arter dokularinda birikime neden
olabilecegi ihtimalini ortadan kaldirmak igin biytk, uzun vadeli klinik calismalara
ihtiyag oldugu agkktr ve bu ajanlarin plak olusumu veya gerilemesinin
modiilatérleri olarak degerlendirilmesi de aymi derecede ilgi gekicidir. Bu tir
¢aligmalar, sterol bilegiminin analizi ve kolesterol ve bitki sterol metabolizmasinin
anahtar genlerinin ekspresyon profilinin belirlenmesi igin plak dokusuna erigim
basta olmak iizere bircok metodolojik zorlugu beraberinde getirmektedir.

2.4. Bagtrsak kolesterol emilimi ve sentezi belirtegleri

Serum kolesterol dnciilleri ve bitki sterolleri, ézellikle kolesterole gdre oran
olarak ifade edildiklerinde, dislipidemik olmayan kisilerde ve primer ve ailesel
hiperkolesterolemi (AH), obezite ve tip 2 diyabet gibi gesitli klinik durumlarda ve
bitki stanolii tilketimi dahil bazi miidahaleler sirasinda kolesterol sentez ve emilim
oranlarinin belirteclerini olusturabilir [31,32]. Genel olarak, bu tiir belirteglerin
gecerliligi iyidir, ancak istisnalar vardir (bkz. EK) [31e 33] ve birden fazla kogulda
tam dogrulama gereklidir. Ayrica, bu belirteclerin standardizasyonu ile ilgili bir dizi
metodolojik sorun bulunmaktadir. Devam etmekte olan bir aragtirma, farkl
laboratuvarlar arasinda sterol/stanol analitik verilerindeki degiskenlik derecesini
arastirmaktadir (bkz. EK).

2.5 Kolesterol ve kolesterol olmayan sterollerin bagirsakta kullanimi: beslenmeye
eklenen bitki  sterollerinin/stanollerinin  kolesterol emilimini inhibe etme
mekanizmas!

Beslenme yoluyla ve safradan bagirsak limenine giren sterol ve stanollerin
islenmesi esasen trifazik bir siregtir (Sekil 3) [34-37). Ik agama dogas! geregi
biiyiik slgtide fizikokimyasaldir, intraliminal olarak gerceklesir ve kolesterol ile
diger sterol ve stanollerin, suda az gbziinen bu maddeleri enterosit tizerindeki firga
sinirt membraninin yiizeyine tasimak i¢in arag gorevi goren karigik misellere dahil
edilmesiyle sonuglamir. Bu ¢ziinirlestirme adimi, her tir steroliin potansiyel
olarak dolasima ulasabilecedi emicl hiicreye daha sonra girmesi igin gereklidir.

ikinci ana asama, kolesterol ve diger sterollerin veya stanollerin enterosite
alinmasidir; bu siireg plazma membraninda lokalize, genel sterol tagiyici protein
Niemann-Pick C1-Likel (NPC1L1) tarafindan kolaylastirilir. Emici hiicreler icinde
steroller, esas olarak kimyasal yapilarina bagh olarak farkh akibetlere ugrarlar.
Enterosit icindeki bu olaylar genel olarak bafirsak kullaniminin tgiincii ana
asamasin olusturur. Kolesteroliin biiyiik kismi asil CoA: kolesterol asiltransferaz-2
(ACAT2) tarafindan esterlestirilir ve torasik kanal yoluyla dolagima katilmadan
once baslangigta lenfe giren yeni clugan silomikronlara dahil edilir [38,39].
Silomikronlardaki bitki sterollerinin/ stanollerinin mutlak igerigi kolesterolden
belirgin sekilde daha digiiktir ve %50’ye varan oranda esterlegmig formdadir [39].
Daha da @nemlisi, bitki sterollerinin/stanollerinin biiyik kism: ABCG5/ ABCG8
tagtyicist araciligiyla bagirsak limenine geri pompalanir ve bu da bitki kaynakli bu
molekiillerin dolasima minimum diizeyde girmesine neden olur [34,4041). Son
olarak, gram miktarlarinda bitki sterolleri/stanolleri eklenmis gidalar, biiylik
olasilikla intraluminal ¢bziiniirlestirme adimmin bozulmast yoluyla kolesterol
emiliminde Gnemli bir inhibisyona neden olur [37], ancak diger olasi mekanik
agiklamalar da ileri stirdlmugtiir [42].
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Sekil 3. Kolesterol ve kolesterol olmayan sterollerin bagirsakta islenmesinde yer alan d¢ ana adimi (kirmizi dairelerdeki sayilarla gosterilmistir) 6zetleyen sematik. Bagiirsak limenindeki
ilk adimda, steroller karisik misellere dahil edilir (1). Firga simirt membraninda steroller misellerden salinir ve Niemann-Pick C1 Benzeri 1 tasiyics (NPC1L1) aracilifyla hiicre icine taginir
(2). igsellestirildikten sonra, bu steroller farkl sekillerde ele alinabilir (3). igsellestirilmis kolesterol olmayan sterollerin biiyiik kasmu igin, liimene geri akis ABCGS/ABCGB (ATP baglayict
kaset tagiyicilar1 G5 ve G8) yoluyla gergeklesir. Buna kargilik, igsellestirilmis kolesteroliin dnemli bir kism: ACAT2 (asil CoA-kolesterol asiltransferaz-2) yoluyla esterlesmeye ugrar.
Esterlesmis kolesterol, gok daha kiigiik miktarlarda esterlesmis kolesterol olmayan sterollerle birlikte, lenfatik sisteme ve nihayetinde dolagima giren yeni olugan silomikronlara dahil edilir.
Diyetle bitki sterolii veya stanol takviyesinin, biiyiik olasilikda intraluminal ¢bziiniirlestirme adiminin bozulmas: yoluyla kolesterol emilimini engelledigine inamimaktadir [37]. Kisaltmalar:
apo apolipoprotein; C kolesterol; CE kolesteril ester; FA yag asidi, MTP mikrozomal trigliserit transfer proteini; TG trigliserit

Yukarida tartisildign iizere, ABCG5/G8 genleri bitki sterollerinin dolasimdaki
seviyelerinin diizenlenmesinde &nemli bir rol oynamaktadir [20,21]. KORA
calismasinda, ABCG8 genindeki rs41360247 ve rs4245791 ortak varyantlary, bitki
sterollerinin dolasimdaki seviyelerindeki varyansin %8'ini olusturmustur [43]. Bu
ve yiiksek baglanti dengesizligindeki diger varyantlarin dolagimdaki bitki sterol
seviyeleri ile ligkileri CARLA, LURIC ve YFS kohortlarinda dogrulanmistir [43,44].

3. Bitki sterollerinin/stanollerinin lipid modifiye edici etkileri
31 LDL kolesterol diisiirme

Birlesik Krallik (n= 22.256), isvec (n= 77.652) ve Cin'de (n= 3940) yapilan
epidemiyolojik calismalar, dogal olarak olusan bitkisel sterol aliminin plazma total
ve LDL-K seviyeleri ile ters iliskili oldugunu gozlemlemistir [45-47]. Bununla
birlikte, saghkli bireylerde yapilan iyi kontrollii bir calismada, diisik (126 mg bitki
sterolii/2000 kilokalori) veya yiiksek bitki sterolil alimi (449 mg bitki sterolii/2000
kilokalori), kolesterol metabolizmasini modiile etmesine ragmen plazma LDL-K
konsantrasyonlarim: etkilememistir [48]. Ayrica, en yiiksek diyet alim seviyelerinde
bile, diyette dogal olarak bulunan bitki sterolleri/stanolleri miitevazi bir
hipokolesterolemik etkiye sahiptir. Ote yandan, dogal bitki sterolleri diyetten
cikarildiginda, serum LDL-K konsantrasyonlari artmistir [49].

Beslenmede dopal olarak bulunan bitki  sterollerinin/stanollerinin
titketimindeki degisimin minimal etkilerinin aksine, Farquhar ve arkadaglarinin
(1956) yaptign gibi ilk galismalar beta-sitosterol takviyesinin atero-sklerotik kalp
hastalig olan geng erkeklerde hem toplam serum kolesteroliinii hem de LDL-K'yi
(beta-lipoprotein lipid olarak) digirdiginii gdstermistir [50]. Daha sonra,
Miettinen ve arkadaslari (1995) ilk kez sitostanol ester ile zenginlestirilmig
gidalarin (margarin gibi, bkz. Kutu 2) hafif hiperkolesterolemik deneklerde hem
toplam serum kolesteroliinii hem de LDL-K'yi diistirdiigtini gostermistir [51].

Sonraki veriler, bitki sterolleri/stanolleri eklenmis gidalarin LDL-K digiirtci
etkileri igin tutarli destek gostermektedir [52-54].

En son meta-analizde, ilave bitki sterolleri/stanolleri (2 g/giin) iceren gidalarin
tiiketimi LDL-K'yi benzer dlgiide diisiirmiistir (sirasiyla %8,2 ve %9,3) [54]. Ne
yazik ki, daha yitksek bitki sterol/stanol dozlarinin LDL-K seviyelerini ve dolayistyla
KV riski daha da diisiirme potansiyeline iliskin veriler yetersizdir [6,54,55]. Bitki
stanolleri (%16’va kadar) ve bitki stanol esterleri (%17) ile maksimum LDL-K
diigiisiiniin daha fazla olabilecefi 6ne siiriilmistir, ancak bu sonug 4-9 g/eln
dozlarinin kullanildig sinirh galigmalara dayanmaktadir ve bunlarin higbiri bitkl
sterolleri ile dogrudan bire bir karsilastrmalar: igermemektedir. Genel niifus igin
snleme stratejilerinde bitki sterolit ve/veya bitki stanolii alimlarimin su anda
snerilenlerden (2-3 g/giin) daha yiiksege ¢ikarilmasi igin bir argliman mevcut olup
olmadif belirsiz kalmaktadir. LDL-K'nin farkhi mekanizmalarla (statinler, diyet,
kismi ileal bypass, safra asidi sekestranlari) diigtiriilmesinin KV riskte azalmayla
sonuglandigim gosteren tutarli ve saglam kamitlarin olmas, dislipidemi yonetimine
yénelik uluslararasi Klinik kilavuzlara bitki sterollerinin/stanollerinin dahil
edilmesinin  gerekgesini  olusturmaktadir  [556]. Bu baglamda,  bitki
steralleri/stanolleri ile zenginlestirilmis fonksiyonel gidalarin kullaniminin su anda
6 yasin altindaki gocuklar igin tavsiye edilmedigi kabul edilmelidir. Bununla birlikte,
cocuklarda tutarll LDL-K diiglirme etkinlifini gdsteren onemli bir veri tabam
bulunmaktadir.

Kutu 2
Bitki sterolleri veya bitki stanolleri eklenmis gida turleri

Az yagl surllebilir Grin/margarin
Yogurtlu igecekler

Sutstz igecekler

Az yagl veya yadi azaltilmig sit
Yumusak peynir

Portakal suyu

Musli

Ekmek

Biskvi
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4-15 yas aras1 cocuk ve ergenlerde yapilan kontrollii klinik calimalarda, bitki
sterolleri/stanolleri (1,5-3 g/giin) ile desteklenmis gidalarin titketimi
normolipaemik gocuklarda (n= 98) ve aymi sekilde AH'li cocuklarda (n= 224; %9-
19) tutarh LDL-K diigiisii (%5-15 oraninda) ile sonuglanmistir (bkz. Ek Tablo 2)
[57-66]. Bu tiir azalmalarin bilyiikligii yetigkinlerde gozlenenlerle kargilagtirilabilir.
Bu temelde, Panel, uzun vadeli givenlik calismalarina acikga ihtiyag duyulmasina
ragmen, yasam tarzl tavsiyesi ve potansiyel farmakoterapiye ek olarak lipid
diigiiriicii tedaviye ihtiyag duyan AH'li gocuklarda (6 yasindan itibaren) bitki
sterolleri/stanolleri ile diyet takviyesinin diigiiniilebilecegini Snermektedir.

32 Plazma lipid profili tizerindeki ek etkiler

Bitki sterolleri/stanolleri ile yapilan ¢alismalarin gogu izole hiperkolesteralemi
olan bireylerde gerceklestirilmistir. Mevcut veriler, 1,5-2 g/gun bitki
sterolil/stanolil ahminda trigliserit seviyelerinin %6-20 oraninda azaldgimi ve HDL-
C ilizerinde esasen bir etki olmadiimi gostermektedir [67-69). Havuzlanmus
analizler, onerilen bitkl sterollerl (1,6-2,5 g/gin) veya bitki stanolleri (2 g/gtn)
alimlart Igin plazma trigliseritlerinde sirasiyla %6 ve %4 oraninda miitevazi bir
azalma oldugunu gdstermistir [69,70]. Aslmda, kanitlar baslangictaki trigliserit
seviyeleri [le bu etkinin boyiikiigi arasinda bir iligki oldugunu gostermektedir;
baslangigtaki trigliserider 1,9 mmol/L (170 mg/ dL) oldugunda %9 azalma
goriilirken, 1,0 mmol/L (90 mg/dL) baslangic seviyelerinde herhangi bir etki
goriilmemistir [69]. Metabolik sendromlu ve orta derecede hiper-trigliseridemili
deneklerde, bitki stanolleri hem biiyitk (>60 nm) hem de orta boy (35-60 nm) VLDL
partikiillerinin  hepatik tretimini azaltgtir [67]. Diger galismalar, bitki
stanollerinin/sterollerinin tiiketiminden sonra tip 2 diyabetli veya metabolik
sendromlu hastalarda kiigiik, yogun LDL partikilllerinde bir azalma oldugunu
belgelemistir [68,71]. Bir calismaya dayanarak, bitki sterollerinin/stanollerinin
lipoprotein(a) seviyelerini etkilemedigi gorilmektedir [72].

Son olarak, metabolik sendromlu deneklerden olusan bir popiilasyonda bitki
stanol esteri ile zenginlestirilmis bir diyetin tiketilmesini takiben LDL-K
azalmasinin, proprotein konvertaz subtilisin/keksin tip 9'un (PCSK9) plazma
seviyeleri lizerinde bir etkisi olmamasi oldukga ilgi gekicidir (J Plat, yayinlanmamis
veriler); bu durum, statin aracih LDL-K diistisi ile indiiklenen PCSK9 seviyelerindeki
artiga potansiyel bir tezat olusturmaktadir [73].

Metabolik sendromiu veya tip 2 diyabetli Iyl fenotiplendirilmis denek
kohortlarinda  postprandiyal  donemin  aterojenitesini azaltmada  bitki
sterolleri/stanolleri eklenmis gidalarin potansiyel etkileri uzerine gelecekle
yapilacak cahismalar 6zel bir llgi alani olacakur, Bu tir aragtirmalar, bu agamada
aterojenik trigliseritten zengin lipoproteinlerin ve kalintilarinin hem nitel hem de
nicel dzelliklerinin normaliestiriimesine odaklanmalidir.

4. Ateroskleroz iizerindeki etkiler
41 Hayvan ve hiicre tabanl modellerde calismalar

Bitki sterolleri/stanolleri plazma LDL-K konsantrasyonlarimi etkili bir gekilde
azalthgindan, bunlarin kullamim aterosklerozun baglamas: ve ilerlemesine karsi
potansiyel bir koruyucu strateji olugturabilir. Mevcut destekleyici verilerin ¢ogu
hayvan ve hiicre temelli modellerde yapilan caligmalarla ilgilidir, ancak bunlarin
dogas1 geregi kisitlamalari vardir. Bu nedenle, hayvan modellerinde yapilan
arastirmalar kisa stireli olmus, hem hayvan hem de hiicre modellerinde tipik olarak
cok yitksek (farmakolojik) dozlar uygulanmis ve béylece deneysel bulgularin
dikkatli bir sekilde yorumlanmas: gerektigi vurgulanmistir.

411  Hayvan modelleri

Bugiine kadar 30'dan fazla calisma bitki sterol/stanol takviyesinin cesitli
hayvan modellerinde deneysel ateroskleroz tizerindeki etkisini aragtirmistir (bkz.
Ek Tablo 3 ve Kritchevsky ve Chen [2005] tarafindan inceleme) [74].

Genetik olarak modifiye edilmis ateroskleroz fare modellerinde, plazma bitki
sterol/stancl konsantrasyonlarindaki artiglara (10 kata kadar) ragmen koruyucu
etkiler gozlenmigtir [28,75,76]. Bu etkiler arasinda arteriyel lipid birikiminde
azalma ve lezyon olusumu ve ilerlemesinin engellenmesi yer almaktadir. Dahasi,
mevcut lezyonlarin gerilemesi bitki sterollerinin/stanollerinin kolesterol diigiirtict
etkisiyle korelasyonlu olmustur.

412 Hiicre tabanlh modeller

4121 Bitki sterollerinin/stanolierinin hiicresel metabolizmasi ve kolesterol
metabolizmas)  lizerindeki potansiyel etkisi. Bitki sterollerinin/stanollerinin
plazmada bulunan kolesterole gére oranlari doku sterollerinde korunmaktadir
[24,26], bu da cogu hiicrede kolesterole benzer sekilde islendiklerini
disiindiirmektedir. Hicresel bitki sterol metabolizmasina iliskin dogrudan
¢alismalarin kapsami nispeten siurl olsa da, bu gorlsi desteklemektedirler.
Ornegin, sitosterol ve kolesteroliin makrofajlar tarafindan alinma ve biriktirilme
oranlar benzerdir [77] ve beta-sitosterol (= sitosterol) ve diger bitki sterollerinin
gnemli dlgiide esterlesmesi birgok doku ve hiicrede 8lciilebilir [26,78.79]. Simirh
verilere dayanarak, sitosterol ve sitostanoliin insan makrofajlarindan HDL'ye
akistnin kolesterolden daha etkili oldugu gorilmektedir [77].

Kolesterol homeostazi, Sterol Diizenleyici Element Baglayiwci Protein-2 ve
karaciger X reseptoriine (LXR) bagh diizenleme yoluyla transkripsiyonel diizeyde ve
ayrica bir dizi anzhtar enzim, reseptor ve tasiyicimn donUsimindn post-
translasyonel kontrolii ile siki bir sekilde kontrol edilir. Bitki sterollerinin bu
stiregler tizerinde gok az etkisi oldugu ya da hig olmadif goériillmektedir. LXR'ye
bagli genleri aktive etme kabiliyetleri hmal edilebilir veya cok dilgiiktiir [B0-84].
Bitki sterolii ile zenginlestirilmis bir diyetin fare bafirsak LXR hedef gen
ekspresyonu tizerinde higbir etkisi olmamgtir [85]. Gelecekteki galigmalarda, bitki
sterollerinin/stanollerinin ‘fizyolojik’ konsantrasyonlarinin hepatik ve intestinal
gen ekspresyon profili {zerindeki -etkilerinin daha kapsamh bir sekilde
degerlendirilmesi biiyiik ilgi cekecektir.

4122 Bitki sterollerinin/stanollerinin enflamatuar yolaklar dzerindeki etkisi.
Makrofajlarda, son cahsmalar lipid birikimi ve enflamatuar tepkilerin, kolesterol
sentezinde bir ara madde ve endojen bir LXR ligandi olan desmosterol tarafindan
enflamatuar genlerin LXR aracili transrepresyonu yoluyla koordine edildigini
gostermistir [86.87]. llging bir sekilde, bitki sterol/stanol titketimi endojen
kolesterol sentezinde telafi edici bir arbsa neden oldugundan [31], hiicre igi
desmosterol konsantrasyonlarindaki karsilik gelen artig, bitki sterol /stanol kaynakli
anti-enflamatuar etkilerle sonuclanabilir. Gergekten de, bir dizi in vitro alisma, bazi
bitki sterollerinin aktive edilmis makrofajlar iizerinde anti-enflamatuar etkiler
gosterdigini ortaya koymaktadir, Ancak bu galismalar, bitki sterollerinin ve/veya
stanollerinin (nadiren dogrudan dlgillmesine ragmen) neredeyse kesinlikle bitki
steroli:kolesterol oranini in vivo olarak var olan normal 1:500 ila 1:1000 oramnin
gok iizerinde degerlere gikaran kosullar altinda eklenmesini igerdiginden nemli
kisitlamalara sahiptir. Bu durum, bitki sterolleri ‘fizyolojik’ konsantrasyonlarda
eklendiginde bile muhtemeldir. Gelecekteki cahsmalar, kolesterol ve bitki
sterollerinin hiicresel seviyelerinin dogrudan &lciiminii icermeli ve in vivo olarak
bulunanlar: taklit etmeyi amaglamahdir.

Sitosterol ve kampesteroliin makrofajlar tarafindan proinflamatuar faktorlerin
{retimi {izerindeki etkilerine iliskin celigkili bulgular vardir [88-92] llging bir
sekilde, sitosterc] antioksidan yolaklari uyarmus ve fare makrofajlarinda forbol ester
veya lipopolisakkarit ile uyarilan prostaglandin sentezini inhibe etmistir [93-96]. Bu
bulgularin aterosklerotik siiregle potansiyel ilgisi su anda belirsizdir, ancak daha
fazla aragtirma gerektirmektedir. Makrofajlara ek olarak, ateroskierozun immino-
inflamatuar boyutunda T-lenfositlerin rol oynadifina dair 6nemli kamtlar
bulunmaktadir [97].
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figing bir sekilde, hem bitki sterolleri hem de bitki stanolleri, Thl sitokinleri,
interferon-gama ve interlékin-2 tiretimindeki artisla gosterildigi gibl, yol agilan T-
yardime hiicre (Th) 1 yamiti toll reseptdrii 2'nin aktivasyonu bu yanitin temel bir
dzelligi olacak sekilde bagisiklik modiile edici &zellikler gosterir [92].

Dolayisiyla, ozet olarak ve tartigian kamtlara dayanarak, dolasimdaki
konsantrasyonlarindaki artisin bir sonucu olarak vaskiiler hiicrelerde bitki
sterollerinin/ stanollerinin birikmesi olasithgin diglayamayiz (bkz. Kutu 3),

42 Insanlarda yapilan galismalar

421 Bitki sterol/stanol tiketimi ve damar saghg iliskisi

Beslenme yoluyla alinan bitki sterollerinin/ stanellerinin karotis intima medya
kalinlig), brakiyal arter boyutu, akis aracili dilatasyon (FMD) ve arteriyel sertlik
kullanilarak arteriyel yapi veya fonksiyon olgiimleri dzerindekl etkisini
degerlendiren insan galismalar, kisa ve orta vadeli bitki sterolii veya bitki stanold
alii sirasinda vaskiler veya endotelyal fonksiyon (izerinde onemll ve tutarl bir
etki gostermemigtir [64,66,98-103], Tim galismalar kigik ve ¢ogunlukla kisa
stirelidir ve daha da nemlisi, birkag calisma baslangicta normal vaskiller fonksiyon
sergileyen diisik KV riski olan deneklerde yapimstr. LDL-K seviyelerindeki
Gnemli disiislere ragmen, inflamasyon, oksidatif stres veya endotelyal fonksiyon
8lciimlerinde tutarh bir degisiklik gézlenmemistir. Sigara igmeyen saghkl kigiler
iizerinde yapilan bir caligmada, 22 yil boyunca giinliik bitkisel stanol margarin
kullammi karotid arter uyumlulugunu iyilestirmemis [103] ve daha kisa (3 aylik)
bir ¢alismada FMD'yi etkilememigtir [98]. Benzer sekilde, AH'li ergenlik oOncesi
cocuklarda yapilan iki ¢alismada, beslenme yoluyla bitki sterolii/stanol titketimi,

LDL-K'yi &nemli &lgiide disirmesine ragmen endotel fonksiyonunu
iyilegtirmemistir [64,66].
Son arastirmalar, erken arteriyel hastabigin belirtecleri  olarak

mikrosirkiilasyonun ozelliklerine odaklanmistir [104]. Bir ¢calismada [105], statinle
tedavi edilen kisiler tarafindan 85 hafta boyunca bitkl sterolleri/stanolleriyle
zenginlestirllmis ~ gidalarm (2,5 g/glin)  alinmasi,  serum kampesterol
konsantrasyonlarindaki artis ile hem retinal arteriyolar hem de veniiler caplardaki
degisiklikler arasinda bir iligki oldugunu gostermistir. Eklenen bitki sterollerini alan
grupta retinal venitler ¢aplar artmis (2,3 3,1 mm) ve arteriyoler gaplar azalmigtir
(0,7 4,7 mm), ancak bu etkiler anlamhliga ulasmamigtir. Bununla birlikte, kolesterol
standardize edilmis kampesterol konsantrasyonlarindaki defisim, LDL-K
konsantrasyonundaki degisikliklerden bagimsiz olarak veniler captaki degisimle
pozitif korelasyon géstermistir. Koagiilasyon [72], trombosit agregasyon olgtimleri
[106], oksidan stres [107], inflamasyon [108] veya diger biyobelirtegleri iceren son
noktalara sahip diger galigmalar ikna edici bir fayda ortaya koymamistir.

Kutu 3
Bitki sterolleri ve bitki stanollerinin ateroskleroz tzerindeki etkisine iligkin hayvan
ve hiicre temelli modellerde yapilan ¢aligmalardan gikarimlar

o Mevcut sinirl veriler, gogu hiicrenin bitki sterollerini/stanolierini
kolesterole benzer bir sekilde igledigini (alim, esterlestirme,
disa aktarma) gostermektedir.

o in vivo ortamda, bitki sterolleri toplam hicresel sterolin
yaklagik %0,1'ini temsil eder; ancak ¢ogu in vitro galismada
cok daha yiiksek seviyelerde bitki sterolleri kullaniimistir.

o Kanitlar, bitki sterollerinin hiicresel kolesterol homeostazini
etkilemedigini goéstermektedir, ancak bunu dogrulamak igin
daha fazla galismaya ihtiyag vardir.

o Bazi calsgmalar bitki sterollerinin/stanollerinin hafif anti-
enflamatuar  etkilerine igaret etmektedir, ancak bitki
sterollerinin ‘fizyolojik’ seviyelerinde dogrulama gerekmektedir.

s Bitki sterolleri ‘fizyolojik’ konsantrasyonlarda toksik degildir.

Bununla birlikte, bitki sterolleri/stanolleri eklenmis gidalarin alimimnin tipik olarak
aracilik ettigi LDL-K’nin %10 oraninda azalmasinin, bu parametreler lizerinde etki
icin gereken esige ulasmamasi mumkindir, Bitkl sterollerinin/stanollerinin
aterosklerozun morfolojik, fonksiyonel ve biyokimyasal tasiyicl belirtegler]
tizerindeki etkilerine iliskin yeterli giice sahip, kontrollil galismalara ihtiyag vardir.
Meveut kamtlara dayanarak, bitki sterollerl/stanolleri lle beslenme takviyesinin
vaskiiler fonksiyona fayda veya zarar ile iligkili olduguna dair bir gosterge yoktur.

422 Dolasimdaki bitki sterolleri/stanolleri ve KV risk iliskisi: Kohort calismalart

Bircok gozlemsel caligma, genel popiilasyonda dolagimdaki bitki sterolleri ile
ateroskleroz arasindaki iligkiyi arastirmistir. Bazi ilk raporlar, orta derecede yiiksek
bitki sterol seviyelerinin vaskiiler hastalikla pozitif iliskili oldufunu bulmustur
[109,110], ancak digerleri dolagimdaki bitki sterolleri lle KV risk arasinda ters bir
fliski oldugunu veya iliski olmadifim 8ne siirmiistir [111-113]. Yakin zamanda
yapilan ve 17 calismay! (n= 11,182) |114] igeren bir meta-analiz, dolagimdaki bitki
sterol konsantrasyonlan araliginda (birinci ve ugiincd tertiller igin ortalama
konsantrasyonlar, kampesterol igin 0,17 ve 0,47 mg/dL [4 ve 12 mmol/L] ve
sitosterol icin 0,13 ve 0,38 mg/dL [3 ve 10 mmol/L]) dolagimdaki kampesterol ve
sitosterol ile vaskiiler hastalik arasinda anlaml bir iliski olmadigini gostermistir. iki
¢aligma bitki sterolleri ile KV risk arasinda ters iliski oldugunu géstermis, bir calisma
herhangi bir iliski bulamamus ve bir bagka ¢alisma bitki sterolleri ile KV risk arasinda
pozitif bir iliski oldugunu bildirmigtir [1 15-118].

Bu retrospektif/vaka-kontrol ve prospektif/kohort ¢aligmalari nedenselligi
tanimlamada en yitksek diizeyde kanit saglamadigindan ve bu son noktalara sahip
plasebo kontrollii calismalar eksik oldugundan, Mendelian randomizasyon
calismalar  bilgilendiricl olabilir. ABCG8 genindeki bitki sterolii yikselten
varyantlarla iligkili olan dolagimdaki bitki sterollerinin orta diizeydeki ytikselmeleri,
yaygin koroner arter hastaligt ile pozitif bir iliski gostermistir [43,119-122]. Ancak
riskteki boyle bir artis, ABCG8 varyantlarinin dolasimdaki bitki sterol
seviyelerinden ziyade, dolasimdaki kolestanol seviyelerinin yansittf gibl bagirsak
kolesterol emilimi ve LDL-K plazma konsantrasyonu ile iliskisiyle tamamen
aciklanabilir [44,123-126]. ABO geni de yliksek dolagimdaki sterol seviyeleri ve KV
risk ile iligkilendirilmistir [43]. Ancak ABO lokusu, von Willebrand faktord,
pthtilagma faktdri VI, hilcreler aras: yapisma molekiilii-1, P-selektin ve E-selektin
seviyelerini diizenledigi igin ABCG5/G8 lokusundan bile daha fazla pleiotropi
sergilemektedir [127-129]. Bugiine kadarki en genis raporda (n = 1242), bitki
sterollerinin dolasimdaki seviyeleri koroner arter hastaligi (KAH) olan grupta daha
diisiik olmus, bitki sterollerinden cok daha diisitk olan bitki stanolleri, kampestanol
ve sitostanol konsantrasyonlari KAH olan ve olmayan gruplar arasinda farkl
olmamstir [120]. Dolayisiyla, meveut Mendelian randomizasyon caligmalary, bitki
sterolil veya bitki stanolt igeren fonksiyonel gidalanin kullanimini caydirmak
acisindan bilimsel bir temel saglamamaktadir.

Saglikli bir beslenme KVH'nin énlenmesinin temel tasidir. Bu bakimdan, plazma
LDL-K seviyelerinin diigiiriilmesinin, mekanizmadan bagimsiz olarak klinik fayda
sagladign ve bu mekanizmalarin beslenme miidahalesini igerdigi iddiasim
destekleyen tartisilmaz kanitlar kritik dnem tasimaktadir (4-7,131-133]. Gergekten
de, saglam veriler, Bayes faktorii temelinde miyokard enfarktiisti veya KKH alimi
{izerindeki tahmini etkilerini kargilastinrken LDL-K'de statin ve statin aracili
olmayan azalma arasinda nitel bir fark olmadiini gostermektedir [5]. Dolayisiyla,
tiim bireysel beslenme (n= 5), safra asidi sekestram (n= 3), cerrahi (n= 1) ve statin
(n= 10) cahsmalar: igin regresyon gizgileri benzerdir ve 5 yillik tedavi stiresince
LDL-K diististi ile KKH ve inmedeki azalma arasinda bire bir iligki ile tutarhidir [5].
Bu baplamda ve yukarida tartisildig Gzere, saghikl bir beslenmenin pargas! olarak
glinde 2 g bitki sterolii/stanolil tiiketiminin LDL-K plazma seviyelerini yaklagik %10
oraninda diigtirmesi son derece énemlidir [52-54].




354 H. Gylling ve digerleri / Atherosclerosis 232 (2014)

Bununla birlikee, Fitosterollere i(liskin EAS Uzlasi Paneli, ozellikle bitki
sterolleri/stanolleri eklenmis gidalarin KVH'nin Gnlenmesi tizerindeki etkisine
iliskin randomize verilerin eksikligini kabul etmektedir, Yeterli gii¢ icin gereken cok
sayida denek (> 50.000) goz bniine alindiginda, diisiik ila orta duzey risk ortaminda
KVH'nin énlenmesi icin bitki sterolleri/stanolleri eklenmis gida trtinlerinin biiyiik
dlcekli sonug gahgmalan pratik olarak uygulanabilir depildir (bkz. Bitki
sterolleri/stanolleri eklenmis gida Grinleri icin bir sonug calismasimin fizibilitesi).
Ayrica, saglikli beslenmenin bir pargas: olarak bitki sterolleri/ stanolleri eklenmis
gidalarin titketiminden elde edilen tutarly, ancak nispeten kiclik ek LDL-K
diigiistiniin faydasini, 25-30.000 kisi kaydedilse bile, yiksek KV risk altindaki
optimal tedavi grmiis hastalarin klinik bir alismasinda kesin olarak gdstermek zor
olacaktir, Bitki sterolleri veya bitki stanollerinin kullammindan klinik fayda
safflamak igin kesin son noktalara sahip randomize, kontrollii galigma verilerinin
olmamas, saglik uzmanlari bunlarin saglkl bir beslenmeye takviye olarak
kullanilmasini tavsiye etmeyi segtiklerinde dikkate alinmahidir.

5. Givenlik

Fayda-risk degerlendirmeleri baglaminda, kolesterol digirtcl ajanlar olarak
kullanildiginda bitki sterollerinin/stanollerinin givenlik ydnlerine biyik ilgi
gosterilmistir. Kolesterolii diigiirmek icin gereldi olan bitki sterol /stanol alim
seviyesinin giinde 1 ila 3 g arasinda degistigi ve nadiren £00-600 mg/glin’li agan
tipik titketim modellerinin gok iizerinde oldugu géz éniine alindiginda, uzun stireli
bitki sterol /stanol tiiketiminin olast zararh etkilerini aragtiran &nemli bir literattir
olusmustur. Gergekten de, bitki sterolleri/stanolleri eklenmis birden fazla gidayr
gayretle tiiketen bazi bireyler igin, alimlarmn, bitki sterolleri ile kolesterol diigiirme
icin doz-yanit egrisinin plato clusturmaya bagladig1 tavam temsil ettigi diistiniilen 3
g/giin seviyesinin dnemli dlclide Gizerine cikmasi miimkindiir. Bununla birlikte,
Klinik ¢alismalardan ve lansman sonrasi izlemeden elde edilen kanitlar, ilave bitki
sterolleri/stanolleri igeren gidalarin agirt tiketiminin bir sorun olmadigini
gostermektedir [19,134],

Bitki sterol/stanol tiketimiyle ilgili spesifik endise alanlar arasinda (1) yagda
coziinen vitamin durumu tzerindeki olasi olumsuz etkiler ve (il) ve kanser riski yer
almaktadir. Genel olarak, uzun vadell lansman sonrasi izleme cabalar, bitki
sterolleri/stanolleri eklenmis gidalarin beklenmedik olumsuz saghk etkilerine
neden olup olmadigi sorusuna cevap verememistir [135,136]. Birka¢ uzun vadeli
beslenme denemesi de benzer sekilde bitki sterol /stanol tilketiminin klinik kimya,
hematoloji veya klinik semptomoloji izerinde herhangi bir olumsuz etkisini tespit
edememistir [52-54,137,138],

Bitki sterolii besleme denemelerinin hepsinde olmasa da bazilarinda
tekrarlanan bir gozlem, ozellikle yiiksek lipofilik hidrokarbon karotenoidler (beta-
karoten, alfa-karoten ve likopen) igin plazma karotenoid konsantrasyonlarinin
(%10 oraninda) miitevazi bir sekilde baskilanmasidir [139,140]. Bunun bagirsak
emiliminin baskilanmasindan kaynaklanabilecegi 6ne siirilmigtir [141]. Meyve ve
sebze tiketiminin artirilmasi, kolesterolii diisiiren arahktaki bitki sterol/stanol
alimlarinin neden oldugu yagda ¢oziinen vitamin seviyelerindeki disiisd telafi
etmektedir [139].

Bitki sterollerinin/stanollerinin dolagimdaki yiiksek seviyelerinin olasi
aterojenik rolii konusunda son on yilda énemli tartigmalar yaganmigtir. Raporlar
celigkilidir, ancak en son cahgmalar, &nerilen alimlarla (2 g/giin) iligkili bitki
sterollerinin plazma seviyelerinin bir saglik riski olusturmadifim gosteriyor gibi
gbrinmektedir. Mendelian randomizasyon calismalary, bitki sterollerinin
dolagimdaki seviyelerinin artmasinin KVH riskini artirdifim gésterdigini iddia
etmistir, ancak incelenen ABCG5/G8 polimorfizmlerinin pleiotropik etkileri
oldugundan, bu galismalarin sonuglari kolesterol emilim oraninin artmasiyla
kolayca agiklanabilir (yukariya bakiniz).

Son olarak, hayvan ve hiicre galismalarindan elde edilen onemli kanitlar,
sitosteroliin belirli kanserlere karsi karuyucu bir rolii oldugunu géstermektedir
[142-145]. Bu nedenle, ginde 2-3 g bitki sterolii/stanolii iceren fonksiyonel
gidalarin 6nerilen gunlik alimlari ile kanser riskinde bir artig yoktur. Ashnda,
gozetim verileri bitki sterol/stanol alimlar ile baz kanser risklerinin azaldigini
gostermektedir [146,147|. Hayvan ve hilcre calismalarina dayanan olasi
mekanizmalar, apoptoz iizerinde dogrudan eylemler veya bu ajanlarin hiicre igi
kolesterol diistiriici yetenegi yoluyla dolayli eylemler dnermektedir [145],

Genel olarak, uzun sitreli izleme calismalarindan ve deneysel modellerden elde
edilen kamtlar, bitki sterollerinin/stanollerinin olumlu bir givenlik profili
sundufunu ve boylece tek bagina veya farmakoterapiye ek olarak kolesterol
diigtirmede kullanimlarini destekledigini géstermektedir. Epidemiyoloji, genetik ve
bitki sterolleri/stanolleri ile LDL-K'nin disirGldigiing ve onemli giivenlik
endigelerinin olmadigim gosteren mevcut klinik calisma kamtlarinin zenginligine
dayanarak, hiperkolesterolemi tedavisinde bitki sterollerinin/stanollerinin
kullanim: tesvik edilebilir [56]. Lipid ydnetiminde kullamimlarinin en iyi sekilde
nasil optimize edilecegi sorusu hala cevapsizdir.

6. Lipid diigiirmede bitki sterollerinin/stanollerinin kullanimnin optimize
edilmesi

61 [Kombinasyon tedavisi

Genel popilasyonda birincil &nlemedeki roliine ek olarak, bitki
sterolleri/stanolleri eklenmis gidalar, lipit digtricl ilaglarla tedavi edilen yiiksek
KV risk altindaki dislipidemik hastalarda ek LDL-K diisiisii saglayabilir. Bu nedenle,
Klinik kullanimlarint optimize etmek Igin farmakoterapilerle birlikte diyetle alinan
bitki sterollerinin/stanollerinin (2-3 g/giin) lipid modifiye edici etkilerini
tanimlamak dnemlidir.

611 Statinler

Statinler, kolesterol biyosentezinin hiz simirlayict enzimi olan HMG-CoA
rediiktazin inhibitérleridir. Bu nedenle, etkileri dogrudan kolesterol ve dncilllerinin
hiicre ici seviyelerini digtiriir, hepatik LDL reseptorlerinin yukari regtilasyonu
yoluyla apoB iceren lipoproteinlerin (esas olarak LDL) katabolizmasini artirir ve de
nove hepatik (ve potansiyel olarak bagrsak) lipoprotein {iretimini azaltir. Bitki
sterolleri/stanolleri farkli bir mekanizma araciliiyla, yani bagirsak kolesterolliniin
dolasima girmesi igin biyoyararlanimim azaltarak etki ettifinden, bitki
sterollerinin/stanollerinin bir statinle birlestirildiginde ek bir etki gosterebilecegi
tahmin edilebilir, Klinik galismalarda, beslenmeyle alinan bitki sterolleri/stanolleri,
statin tedavisinin zerine eklendiginde LDL-K seviyelerinde %10-15'lik bir artisa
neden olmaktadir; bu, statin dozunun tki katina ¢ikarilmasiyla elde edilenden (%6)
daha (stiindiir [148:151]. Tip 2 diyabet hastalarinda LDL-apoB kinetigi lizerine
yapilan in vivo gahgmalar, statinlere stanoller eklendiginde LDL-K azalmasi
Gzerindeki katki etkilerinin LDL dretiminin azalmasindan kaynaklandigimi
gbstermistir [152]. Boylece, statin tedavisine ek olarak bitki sterol/stanol
tiiketiminin (2-3 g/gtin) genel kabul goren etkililigi korunmaktadir.

612  Ezetimibe

Ezetimibin lipid diigiirtici mekanizmasi bafirsak kolesterol emiliminin
engellenmesi yoluyla gerceklestiginden, ezetimib molekiiler diizeyde diyetle alinan
bitki sterollerinin/stanollerinin rakibi olarak kabul edilebilir. Bununla birlikte,
hedefler farkhidir; ezetimibe NPCIL1 tasiyicisini  bloke ederken, bitki
sterolleri/stanolleri kolesterolil bagirsak misellerinden uzaklagtirir. Dahasi, NPC1L1
ayni zamanda beslenme yoluyla alinan bitki sterollerinin/stanollerinin viicuda giris
kapisi oldugundan, bu mekanizmanin ezetimibe aracili inhibisyonu hem bagirsak
liimenindeki etkilerini arairmali hem de plazma seviyelerini diigiirmelidir.
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Kutu 4
Uzlagi paneli tavsiyeleri

o Bitki sterolleri ve/veya bitki stanolleri eklenmis gidalann 2
g/igin'e kadar giinlik tiketimi, plazma aterojenik LDL-K
seviyelerini %10'a kadar diglirmede esit derecede etkilidir ve
bu nedenle tim KV risk seviyelerindeki bireylerde yasam
tarzina ek olarak dusiintlebilir. Daha yiiksek gunlik alimlarda
(9 glgin), bitki stanollerinin  etkileri daha belirgin
gorinmektedir, ancak bu sonuglan dogrulamak ve daha
yiiksek dozlarda gilvenligi incelemek icin ek caligmalara

intiyag vardir.
o Bitki sterolleri ve bitki stanolleri statinlerle etkili bir sekilde
kombine edilebilir. Cok sinirh veriler, bitki

sterollerinin/stanollerinin bir fibrat veya ezetimibe ile birlikte
LDL-K seviyelerini de diisirebilecedini gdstermektedir. Bu
sekilde, genel KV riskin bir fonksiyonu olarak LDL-K
hedeflerine ulagsma potansiyeli artinlabilir,

o Bitki sterolleri ve bitki stanollerinin tiketiminin artinimasi,
dzellikle tedavi dncesinde yiksek plazma trigliserit seviyeleri
s6z konusu oldugunda, yilksek plazma trigliserit seviyelerini
miitevazi bir sekilde dustrmek igin yasam tarzi ve diyet
yaklagimlarina ek olarak dusginilebilir. Bunun igin trigliserid
yikseklii olan uygun popiilasyonlarda daha fazla calisma
yapilmasi gerekmektedir.

Bununla birlikte, klinik veriler simrhdir ve bugiine kadarki en bilylk calismada,
ezetimibe arti bitki sterollerinin (2 g/gin) uygulanmasi sirasinda bagirsak
kolesteral emiliminde, tek basina ezetimibe kiyasla LDL-K'de %8'lik dnemli bir
azalma ile iliskili 6nemli bir artig olmustur [153].

61.3. Diger kombinasyon lipid tedavisi

Diger kombinasyon tedavilerinin énemi, ozellikle kardiyometabolik hastalikta
kapsamli lipid kontrolil perspektifinden degerlendirilmelidir. Klinik caligmalar, bitki
sterolleri/stanolleri ile zenginlestirilmls gidalar bir fibrat ile birlikte tiketildiginde
LDL-K seviyeleri tizerinde ek bir etki egilim| gostermektedir [154,155], N - 3 yag
asitlerinin kolesterol metabolizmas: tizerinde kiiiik bir etkiye sahip oldugu ve esas
olarak trigliserit seviyelerini etkiledigi géz oniine alindifinda, bitki sterolleri/
stanolleri ve N - 3 yag asitlerinin tiketimi lipit profili {izerinde tamamlayici bir
faydali etki gosterebilir. Aslinda, her ikisi de KVH'nin dnlenmesi igin saghkl bir
beslenmenin bilesenleri olarak &nerilmektedir [56,156].
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Su anda safra asidi sekestranlan ve diyetle alinan bitkisel sterol/stanol
kombinasyonunun lipid disiirticii etkinligine iliskin yeterli verl bulunmamaktadir.
Bununla birlikte, safra asidi sekestranlari lipofilik maddelerle etkilesime
girdiginden, biyle bir kombinasyonun bagrsak sterol/stanol emilimini engellemes
muhtemeldir. Ek olarak, diyetle alinan bitki sterolleri, ancak bitki stanolleri degil,
safra asidi sentezini baskilayarak muhtemelen safra asidi sekestran aracilt
kolesterol diigiiriicii etkinligi degistirmistir [157].

Sonug olarak, yaklasik 2 g/glin dozunda bitki sterolleri/stanolleri eklenmis
gidalarin tiiketimi ile serum LDL-K konsantrasyonlarinda tipik olarak goriilen
9410'luk azalma, statinlerin etkisine ek olarak devam etmektedir. Simrl veriler,
bitki sterollerinin/stanollerinin ezetimibe ve fibratlarla birlikte ek bir etkiye sahip
oldugunu gostermektedir.

62. Yemek sonrast lipemi

Bitki sterolleri/stanolleri eklenmis gidalar kolesterol emilimini azalttigindan,
bagirsak kaynakl silomikronlarin ve silomikron kalintilarimin  firetimini  de
azaltabilir. Tek bir standart égin veya giin boyu plazma trigliserit dlcimleri
kullantlarak yapilan az sayida galisma, akut veya kronik bitki sterol/stano] aliminin
yemek sonrasi trigliseritler izerinde herhangi bir etkis| oldugunu gbstermemigtir
[150,158,159], Olgiildugl durumlarda, yemek sonrasi bitki sterolleri/stanolleri
seviyeleri degigkendir [158,159]. llging bir sekilde, bir ay boyunca balik yag ile
esterlestirlimis bitki sterollerinin tiketimi, tek basna balik yaglarina gore daha
diisiik yemek sonras) trigliserit seviyeleri ile sonuclanmistir [160]. Genel olarak,
yemek sonrasi trigliserit ataklarinin potansiyel olarak diigiiriilmesini inceleyen
simirl veriler, bu calismalardaki deneklerde dilgiik bazal trigliserit seviyelerl ile ilgili
olabilecek onemli etkiler géstermemektedir.

7. EAS uzlas: paneli tavsiyeleri

Mevcut bilgiler 1siginda, bitki sterolleri/stanollerl eklenmis gidalar, yiksek
kolesterol seviyeleri olan bireylerde ve ayni zamanda farmakoterapi igin uygun
olmayan orta veya duisiik global KV riski olanlarda da dilginiilebilir [56]. Bu
nedenle, yukaridaki kanit temelinin elestirel degerlendirmesine dayanarak, bu EAS
Uzlasi Paneli, statinler veya diger ajanlarla lipid digtirtcd tedavi alan ve LDL-K
hedeflerine ulasamayan hastalarda veya statin intoleransi olanlarda, diger yasam
tarzi miidahaleleriyle birlikte bu iiriinler igin bir yer oldugu diigincesindedir (bkz.
Kutu 4 ve Sekil 4).

<70 mg/dL 7010 100 mgdl. 100 to <155 mg/dL 155 to <190 mg/dL >190 mg/dL
<1.8 mmol/dlL 18to <25 mmol/dL | 2510 <4 0mmoldl | 4.0to<4.9 mmol/dL >4.9 mmol/dL
| Uesyiemenenton,
<1 No lipld intervention No lipid intervention | Lifestyle Intervention intervention | consider drug I
- b s A A 'M' 2 .IJI&EM_ ntrolled
| Uiestyle tervention, | Litestye interentin, | Ltostye nterentin,
zito<5 Lifgstyle intervention considerdrugif |  considerdrugit _consider drug it
uncontralled uncontralled uncontrolted
sStoat [Liottchoutionton il ostyistavonti . Tostie et S Rbie knaciamion, i NI R BUTREAD,
e Blors BN | and immediate drug | and Immediate drug | and immediate drug
or high risk wmgmmg“: wnWﬂmq infervention | Infervention | Intervention
R G e A i e
210 or ”mm‘”’“;‘mmﬁ’% . and immediate drug | - and immediate drug 'lm ! nd Immediate drug
very highrisk [ consider drug® | intervention Intervention Intarvi intervention

* In patients with M1, statin therapy should be considered irespactive of LOL-C levels

Sekil 4. Yasam tarzi miidahalesinin bir bileseni olarak bitki sterolleri/stanolleri igeren fonksiyonel gidalarin eklenmesi, farmakoterapi icin uygun olmayan, orta veya disik global
kardiyovaskiiler risk altindaki yiiksek LDL-K seviyelerine sahip bireylerde (pembe golgelendirme ile gosterildigi gibi), Dislipidemi Yénetimi i¢in ortak ESC/EAS Kurallar1 dogrultusunda
potansiyel bir degere sahip olabilir [56]. Aym sekilde, bitki sterolleri/stanelleri eklenmis gidalar, yilksek veya gok yiiksek kardiyovaskiiler risk altindaki bireylerde (mavi golgelendirme ile
gasterildigi gibi) yasam tarzi miidahalesi baglaminda degerlendirilebilir. Reiner ve arkadaglarindan (2011) uyarlanmistir [56].
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Tablo2

Bitki sterolleri eklenmis ve eklenmemis gidalarin maliyetinin karsilastinlmasi. Avrupa
pazarinin stratejik analizine dayanan veriler (Frost & Sullivan Aragurma Servisi, Londra,
Ingiltere, 2005) [163].

Uriin tipi Kg basina malivet (Ingiliz Sterlini) Artan  maliyet
orani
Bitki sterolleri Bitki sterolleri
eklenmis gidalar eklenmemis gidalar
Siiriilebilir Griinler 7.46-7.98 180 4.14-4.43
Saglik igecekleri 4.95-8.10 2.20 2.25-3.68
Yogurt 2.80-4.00 2.10 1.33-1.90

+Bitki sterolleri eklenmig gidalarin maliyetinin bitki sterolleri ekdlenmemis gidalanin maliyetine orant.

Son olarak, hiperkolesterolemide erken dnleyici stratejilerin artan 6nemi goz dniine
alindiginda [6], yagsam tarzi ve farmakoterapiye ek olarak AH'li yetigkinlerin ve

¢ocuklarin  (>6 yas) beslenmesine bitki sterolii veya bitki stanolil ile
zenginlestirilmis gidalarin dahil edilmesi potansiyeli diigtiniilebilir. Bu tavsiyeleri,
bitki sterollerinin/stanollerinin, eslik eden statin tedavisinin yoklufunda veya
varhginda plazma LDL-K seviyelerini diigiirme konusundaki kanitlanmis
kabiliyetine ve aymi gekilde ateroskleroza egilimli hayvan modellerinde plak
boyutunu azalttiklarina dair kanitlara dayandiriyoruz. Randomize klinik
calismalardan elde edilen KVH sonug verilerinin yoklugunda, bitki
sterollerinin/stanollerinin kullanimma iligkin kamtlarin eksik oldugunu anhyoruz.

Saglk uzmanlari, hastalarin genel KV risk diizeyini ve tercihlerini dikkate
almalidir. Ayrica, sosyoekonomik diizey le gida iiriinlerinin tiketim profili arasinda
gnemli bir iliski oldugu gorildiginden, bu driinlerin maliyeti de dnemlidir
[161,162].

Kutu 5
Coézllmemis sorular

o Bitki sterollerinin/stanollerinin kolesterol dusiiriici etkinliginde
bireyler arasi dediskenlik var midir, yani hiper ve hipo yanit
verenleri belirlemek mimkiin midur? Eger mimkinse, daha
yilksek bitki sterolii/stanol alimi ile yetersiz veya zayif yanitin
{istesinden gelmek de mimkin mudar?

o Bitki sterolleri/stanolleri LDL-K'nin &tesinde lipoproteinleri, yani
aterojenik trigliseritten zengin lipoproteinleri ve bunlarin
kalintilarini, LDL ve HDL alt fraksiyonlanni ve lipoprotein(a)'yi
etkiler mi?

s Bitki sterolleri/stanolleri, ozellikle tip 2 diyabet gibi
kardiyometabolik hastali! olan bireylerde, yemek sonrasi lipid
ve lipoproteinlerin potansiyel aterojenitesini azaitir mi?

o Bitki sterolleri/stanolleri belirli popilasyonlarda, &rnegin
aterojenik lipoprotein fenotipi sergileyen metabolik sendromlu
veya tip 2 diyabetli hastalarda lipoprotein metabolizmasini
nasil etkiler?

g Bitki sterolleri hiicresel lipid homeostazim nasil etkiler?

s Bitki sterolleri, endotel hiicreleri, monositler ve makrofajlar gibi
ateroskleroz geligiminde rol oynayan hiicrelerin iglevini in vitro,
ex vivo ve in vivo dinlenme ve ‘aktive edilmis’ kosullar altinda
nasil etkiler?

e Bitki sterollerinin/stanollerinin  pihtilagma, trombosit
agregasyonu, oksidan stres ve subklinik inflamasyon gibi
aterosklerozun biyokimyasal tasiyici belirtegleri (zerinde
6nemli etkileri var mudir?

e Saglkl beslenmenin bir pargasi olarak bitki sterolleri/stanolleri
eklenmis gidalanin (2 g/giin) tiketimi klinik sonuglarda fayda
saglar mi? Diigiik ve orta riskli bireylerde blylk randomize
sonug calismalarinin pratikte uygulanabilir olmadigi géz éntine
alindiginda, yeterince giigli, randomize kontrolll ¢alismalar
bitki sterollerinin ve/veya stanollerinin arteriyel fenotip velveya
aterosklerozun morfolojik ve fonksiyonel (6m. endotel
fonksiyonu) vekil belirtecleri tizerinde dnemli etkileri oldugunu
gosterebilir mi?

Kutu 6

Bitki sterolleri ve/veya bitki stanolleri eklenmis gidalarin tiketiminin saglik
acisindan ekonomik degerlendirmesi

Beslenme ekonomisi, bitki sterolleri/stanolleri eklenmis gidalarin
pazara girmesinin saglik ve ekonomik etkisini hesaplamak igin 4
asamali bir siireg izlemektedir.

4 agamall hastalik maliyeti yaklagimini benimsemek icin:

o Hedef kitle genelinde bitki sterolleri/stanolleri eklenmis gidalarin
benimsenmesi igin bir bagar orani belirlenir

oBitki sterolleri/stanolleri eklenmis gidalarin tiketimine bagh
LDL-K azalmasinin derecesi degerlendirilir

sPlazma LDL-K seviyelerinde tahmini disise bagh olarak
koroner kalp hastaigl (KKH) prevalansindaki azalma
degerlendirilir

«KKH prevalansindaki azalmadan kaynaklanan saglik hizmeti
tasarruflan kestirilir

Bu ok adiml yaklagim, yukaridaki 4 adim igin girilen iyimserden
kétimsere kadar bir dizi degerle uygulanabilir.

Birlesik Krallik verilerine dayanarak, bitki sterolleri eklenmis gida driinlerinin
maliyet/kg'inin geleneksel muadillerine gire 1,3 kat ile 4 kat arasinda degisebildigi
grillmektedir (Tablo 2) [163]. Dolayisiyla maliyet, szellikle daha az varhkly, daha
yitksek riskli gruplar arasinda bu iriinlerin dizenli olarak satin alinmas: igin
potansiyel olarak caydirici bir unsur teskil edebilir. Nitekim bu durum, ispanya’daki
Predi-Med calismasindan [164] elde edilen ve Giiney Avrupa’'daki ekonomik
zorluklarin Akdeniz diyetine baghliin azalmas: da dahil olmak tizere olumlu diyet
davramiglarinin benimsenmesi iizerinde zararl: bir etkisi olabileceffini &ne stiren son
analizlerle desteklenmektedir.

Bu degerlendirmede vurgulanan ¢ézilmemis sorulari ele almak lgin daha
fazla galisma yapilmasina Ihtiyag vardir (bkz. Kutu 5). Temel ancelikler arasinda (i)
metabolik sendromlu hastalarda bitki sterollerinin/stanollerinin etkilerinin
degerlendirilmesi; (i) bitki sterollerinin/stanollerinin klinik sonuglar tizerindeki
etkilerini arastirmak i¢in Mendelian randomizasyon galismalari; ve (iii) kayitlarda
uzun vadeli giivenligin ve klinik sonuglar (zerindeki etkilerin degerlendirilmesi yer
almaktadir, Son olarak, EAS Uzlasi Paneli bu fonksiyonel gidalarin tiketimiyle iligkili
herhangi bir saglik riskine dair kamt bulamamis olsa da, Panel klinik faydayl
gésteren sonug verilerinin eksikligini kabul etmektedir. Pratik kisitlamalar ve gok
ilagh hastalarda eszamanh farmakoterapdtik ve diyet yaklagimlarinin  LDL-K
dustriici etkilerinin ayirt edilememesi goz Onine ahndifinda, saghk ekonomik
modellemesi (bkz. Kutu 6), bu fonksiyenel gidalarin daha genis kullaniminin KVH
prevalansindaki azalmaya bagh olarak saglik hizmetlerinde tasarruf potansiyeline
sahip olup olmadigin aragtirmak igin uygun bir yaklagim sunabilir. Ote yandan, EAS
Uzlagi Paneli, gida endiistrisinin bitki sterolii/stanol takviyeli gidalarin KVH
sonuglart tizerindeki etkilerine iliskin iyi tasarlanmis ve yeterli giice sahip bir
¢alisma planlama ve yiiriitme ¢abalarini agikga memnuniyetle kargilayacak ve takdir
edecektir.
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Objective: This EAS Consensus Panel critically appraised evidence relevant to the benefit to risk rela-
tionship of functional foods with added plant sterols and/or plant stanols, as components of a healthy
lifestyle, to reduce plasma low-density lipoprotein-cholesterol (LDL-C) levels, and thereby lower car-
diovascular risk.
Methods and results: Plant sterols/stanols (when taken at 2 gfday) cause significant inhibition of
cholesterol absorption and lower LDL-C levels by between 8 and 10%. The relative proportions of
cholesterol versus sterol/stanol levels are similar in both plasma and tissue, with levels of sterols/stanols
being 500-/10,000-fold lower than those of cholesterol, suggesting they are handled similarly to
cholesteral in most cells. Despite possible atherogenicity of marked elevations in circulating levels of
plant sterols/stanols, protective effects have been observed in some animal models of atherosclerosis.
Higher plasma levels of plant sterols/stanols associated with intakes of 2 g/day in man have not been
linked to adverse effects on health in long-term human studies. [mportantly, at this dose, plant sterol/
stanol-mediated LDL-C lowering is additive to that of statins in dyslipidaemic subjects, equivalent to
doubling the dose of statin. The reported 6—9% lowering of plasma triglyceride by 2 g/day in hyper-
triglyceridaemic patients warrants further evaluation.
Conclusion: Based on LDL-C lowering and the absence of adverse signals, this EAS Consensus Panel
concludes that functional foods with plant sterols/stanols may be considered 1) in individuals with high
cholesterol levels at intermediate or low global cardiovascular risk who do not qualify for pharmaco-
therapy, 2) as an adjunct to pharmacologic therapy in high and very high risk patients who fail to achieve
LDL-C targets on statins or are statin- intolerant, 3) and in adults and children (>6 years) with familial
hypercholesterolaemia, in line with current guidance. However, it must be acknowledged that there are
no randomised, controlled clinical trial data with hard end-points to establish clinical benefit from the
use of plant sterols or plant stanols.

© 2013 The Authors. Published by Elsevier Ltd. All rights reserved.
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1. Introduction and rationale

The on-going pandemic of obesity, metabolic syndrome and
diabetes is directly associated with an ever-increasing worldwide
incidence of premature atherosclerosis and cardiovascular disease
(CVD). Indeed, the European Union budget for CVD is currently
estimated at €196 billion a year, with about one-half of this
attributed to direct healthcare costs [1]. However, limiting the
expenditure for CVD to the healthcare systems of the European
Union grossly underestimates its true cost. Most public health ex-
penses are linked to treatment, a notion which strongly argues for
urgent investment in CVD prevention to improve health in Euro-
pean populations and to stem the socioeconomic consequences.

Recent studies of the relationship of lifetime risk of CVD to risk
factor burden clearly indicate that individuals with an optimal risk
factor profile, (including well-controlled blood pressure and
cholesterol, non-smoking and non-diabetic), display substantially
lower risk of CV events over their lifetime than those with two or
more of these major risk factors [2]. Ranking of nine CV risk factors
in the INTERHEART cross-sectional study in 52 countries revealed
that dyslipidaemia alone accounted for most of the population-
attributable risk for myocardial infarction; here, dyslipidaemia
was defined as an excess of cholesterol transported in atherogenic
apolipoprotein (apo)B-containing lipoproteins (among which low-
density lipoproteins [LDL] predominate), relative to that in non-
atherogenic apoA-I-containing, high-density lipoproteins (HDL)
[3].

Robust data attest to the causal role of LDL-cholesterol (LDL-C)
in coronary atherosclerosis. Reductions in LDL-C levels achieved by
treatment with diet, statins or bile acid sequestrants, or by ileal
bypass surgery, in prospective clinical trials of 3 or more years
duration, have been demonstrated in meta-regression analyses to
significantly reduce CV morbidity and mortality [4,5].

As atherosclerosis is a chronic, progressive disease typically
initiated during the first three decades of life, it follows that
lowering LDL-C early may substantially delay or even prevent the
onset of atherosclerosis, particularly in the coronary circulation.
Indeed, evidence that prolonged exposure to low plasma LDL-C
levels is associated with markedly greater reduction in CV risk
compared with current strategies aimed at lowering LDL-C in
middle age, has been provided by a meta-analysis of Mendelian
randomisation studies, involving polymorphisms in six distinct
genes of cholesterol metabolism [6].

These findings prompt a key question: How can LDL-C be
maintained at low levels throughout life without imposing addi-
tional burden on the healthcare system? Clearly, lifestyle, which
encompasses dietary habits, must be seriously considered, partic-
ularly as extensive nutritional and behavioural changes may lower
LDL-C levels by up to 20% [7].

The liver is the principal regulator of circulating LDL-C levels.
Not only is it the site of formation of very low-density lipoproteins
(VLDL), the precursors of most LDL particles in the circulation, but it
is also the site of most receptor-mediated clearance of LDL [8]. Both
the liver and intestine are central to body cholesterol homeostasis.
Indeed, after lipolysis-mediated removal of dietary triglycerides
from chylomicrons, the liver rapidly clears circulating chylomicron
retnnants, which carry cholesterol that was absorbed in the small
intestine [9]. The resultant increase in hepatic cholesterol stimu-
lates VLDL secretion and hence LDL formation, and down-regulates
hepatic LDL receptor activity. Such events potentially lead to ele-
vations in plasma LDL-C levels. Both chylomicron remants and VLDL
remnants, in addition to LDL, can deliver cholesterol to the artery
wall, initiating or exacerbating atherosclerosis. When cholesterol
absorption in the small intestine was inhibited by ezetimibe in apoE
deficient mice, atherosclerosis was dramatically reduced [10]. In

humans, inhibition of cholesterol absorption by ezetimibe results in
lowering of plasma LDL-C levels because of increased fractional
removal of LDL from the circulation, consistent with less dietary
cholesterol arriving at the liver via chylomicron remnants with
subsequent upregulation of LDL receptors [11,12]. Inhibition of
cholesterol absorption by ezetimibe was also associated with
reduced chylomicron secretion into plasma as determined by
reduced production of apoB48 (Fig. 1) [12].

Thus it follows that the cholesterol absorption pathway repre-
sents an attractive target in the management of dyslipidaemia, with
a specific focus on both reducing the cholesterol content of chylo-
micron and VLDL remnants and lowering LDL-C levels. This
pathway presents clinical opportunities for dietary supplementa-
tion with agents that attenuate intestinal cholesterol absorption,
among which plant sterols and plant stanols are prominent.

The European Atherosclerosis Society (EAS) convened an inter-
national Consensus Panel of basic scientists and clinical in-
vestigators with expertise in cholesterol metabolism, plant sterol
and plant stanol biology, and CVD. Our goals were (i) to critically
appraise state-of-the-art knowledge pertaining to the potential of
plant sterols and plant stanols (hereafter referred to as plant ste-
rols/stanols) for lowering LDL-C, with a view to preventing pre-
mature atherosclerosis and CVD, and (ii) to propose
recommendations for optimal integration of foods with added
plant sterols/stanols, as part of a healthy lifestyle, for attenuation of
CV risk. These recommendations can provide guidance and support
for clinicians and health professionals in the prevention of CVD
across the spectrum of CV risk.

2. Biology and mode of action of plant sterols/stanols
2.1. Origins
Plant sterols/stanols are bioactive components with similar

functions as that of cholesterol in mammals. Plant sterols are ste-
roid alkaloids which differ from cholesterol in the structure of their

Liver

Small Intestine
Diet

Lyriph Piéﬁue
Fig. 1. Scheme illustrating the potential impact of cholesterol absorption from the
small intestine on plasma levels of chylomicron remnants and LDL, with detrimental
effects on the vascular wall. Cholesterol (Chol, C) entering the intestinal lumen pri-
marily from the bile and the diet is absorbed to varying degrees and packaged in
chylomicrons (CM-C) for transport via the lymph into the circulation. Therein, hy-
drolysis of much of the triacylglycerol present in the nascent CM results in the for-
mation of cholesterol-rich remnant particles (CMr-C) that are ordinarily rapidly cleared
from the circulation by the liver. Delivery of excess intestinal cholesterol to the liver
can result in suppression of low density lipoprotein-receptor (LDL-R) activity and
endogenous cholesterol synthesis, or acceleration of hepatic very low density
lipoprotein-cholesterol (VLDL-C) secretion, or both. Such events will potentially raise
plasma LDL-cholesterol (LDL-C) concentration. If hepatic clearance of CMr is delayed,
then these particles may contribute directly to plaque formation. Together, these
various pathways illustrate how agents that limit cholesterol absorption may elicit
favourable changes in atherogenic plasma lipoproteins that culminate in attenuating
plague formation.
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side chain, while plant stanols are 5a-saturated derivatives of plant
sterols (Fig. 2).

The main food sources of plant sterols are vegetable oils, spreads
and margarines, breads, cereals, and vegetables (Table 1); these
contribute 50—80% of the daily plant sterol intake, with fruits
adding a further 12% [13—15]. In the typical Western diet, the mean
daily intake of plant sterols is about 300 mg [13,14], but can be as
high as 600 mg in vegetarians [16]. The most abundant are sitos-
terol and campesterol, which contribute 60% and 20%, respectively,
of plant sterol intake [13,14]. By comparison, the amounts of plant
stanols in the diet are much lower, with only about 17-24 mg per
day (predominantly sitostanol and campestanol] [14]. Cereals,
especially wheat and rye, are the richest source of plant stanols.

2.2. Transport and circulating levels

These dietary components undergo low fractional absorption in
the intestine, of the order of 0.5—2% for plant sterols and 0.04—0.2%
for plant stanols [17]. As a result of low absorption and efficient
excretion into bile after uptake by the liver, circulating levels are
low, varying from 7 to 24 umol/L (0.3—1.0 mg/dL) for plant sterols,
and from 0.05 to 0.3 pmol/L (0.002—0.012 mg/dL) for plant stanols
[18]; these levels are of the order of 500-fold and 10,000-fold lower,
respectively, than those of cholesterol.

Long-term consumption of foods with added plant sterols
(mean intake + standard deviation [SD] 1.1 = 0.6 g/day) increases
their circulating levels (from 19 to 30 pmol/L [0.8—1.2 mg/dL] with
plant sterol consumption), which overlap those within the normal
range [19]. For foods with added plant stanols (mean intake
0.6 + 0.4 g/day), increases in circulating levels of plant stanols
(from 0.3 to 0.7 pmol/L [0.012—0.028 mg/dL] with plant stanol
consumption), and a decrease in circulating plant sterols (from 16
to 23%), were observed [19]. The quantitative distribution of plant
sterols/stanols across the major lipoprotein classes is similar to that
of cholesterol, and thus they circulate primarily in LDL particles
(65—70%).

STEROLS

HO

STANOLS

HO

Table 1
Plant sterol and plant stanol contents in different foods. Data are given as mg/100 g
(dry weight, either range or mean value).

Food item Plant sterols Plant stanols
Vegetable oils

Corn oil 686—952 23-33
Rapeseed oil (canola oil) 250-767 2-12
Soybean oil 221-328 7

Sunflower oil 263-376 4

Olive oil 144-193 03-4

Palm oil 60-78 Traces
Cereals

Corn 66-178 -

Rye 71-113 12-22
Wheat 45-83 17

Barley 80 2

Millet 77 -

Rice 72 3

Qats 35-61 1

Nuts

Peanuts 320 -

Almond 143 =

Vegetables

Broccoli 39 2
Cauliflower 18-40 Traces
Carrot 12-16 Traces
Lettuce 9-17 05

Potato 7, 0.6

Tomato 7 1

Fruits and berries

Avocado 75 0.5

Passion fruit 44 Not detected
Raspberry 27 0.2

Orange 24 Not detected
Apple 12-18 0.8

Banana 12-16 Not detected

—, Not reported.
Source: Adapted from Piironen V & Lampi AM (2004) [15].

R
21 22 24 26
R S o W —~
20, B
. Cholesterol / stanol |
\L 2
e - - ~ - i R -
|
Sitosterol / stanol |
~ A



350 H. Gylling et al. / Atherosclerosis 232 (2014) 346-360

The ATP-binding cassette co-transporters G5 and G8 (ABCG5/
ABCGS8) play a crucial role in controlling the absorption of plant
sterols/stanols by secreting absorbed molecules back into the in-
testinal lumen [20,21]. In phytosterolaemia, severe loss of function
mutations in genes coding for the ABCG5/ABCG8 transporters
result in dramatic elevation in plasma plant sterol/stanol levels,
which are more than 50-fold higher than those in normal in-
dividuals after consumption of plant sterols, and many of these
individuals develop premature atherosclerosis (Box 1) [20-22].
Further consideration of this rare genetic disease is, however,
beyond the scope of the present paper, which is focussed on plant
sterol/stanol consumption as part of a healthy diet for prevention of
CVD.

2.3. Tissue levels

There are limited data available for tissue levels in subjects
receiving foods with added plant sterols/stanols. In healthy human
subjects, plant sterols/stanols are taken up into tissues in similar
proportions relative to cholesterol, and the ratio of cholesterol to
plant sterols/stanols, which displays a wide range (0.001—
0.01 % 107%), is similar to or less than that in plasma, consistent
with the absence of preferential accumulation or retention in tis-
sues (see Supplementary Table 1). Similar findings have been re-
ported for cerebrospinal fluid and brain tissue in healthy control
subjects, and also in phytosterolaemia [23,24]. In healthy volun-

teers, data on tissue plant sterol/stanol levels are available for the

carotid artery wall and for non-stenotic and stenotic aortic valve
cusps [25—28]. In these tissues, cholesterol content is 20 pg/mg of
tissue, while total plant sterol and plant stanol concentrations are
~0.04 pg/mg and ~0.001 ug/mg of tissue, respectively. Plant sterol
concentrations vary widely between tissues (see Supplementary
Table 1) [25—30].

Box 1
Phytosterolaemia

o Phytosterolaemia (previously referred to as sitoster-
olaemia) is due to rare, loss of function mutations in
genes coding for the ATP-binding cassette transporters
G5 and G8 (ABCG5/ABCGS), and is characterised by very
high serum levels of plant sterols {up to 1.3 mmol/L or
50 mg/dL) and plant stanols (0.2 mmaol/L or 8 mg/dL) [18].

e Major clinical manifestations may include premature
atherosclerosis although this complication is variable;
there are a number of patients with phytosterolaemia who
do not have evidence of atherosclerosis (D. Litjohann,
personal communication; E. Bruckert, privileged commu-
nication). The presence of premature atherosclerosis ap-
pears to depend on whether there is co-existing severe
hypercholesterolaemia. Other complications of phytos-
terolaemia include episodes of haemolysis, and xantho-
mas. Moreover, it is noteworthy that recent findings in 4
adult phytosterolaemic patients have not detected any
significant degree of atherosclerasis (E. Bruckert, privi-
leged communication).

o Plant sterols have been shown to accumulate in athero-
sclerotic lesions of phytosterolaemic subjects in the same
ratio as present in serum. However, the phytosterol/
cholesterol ratio is higher in phytosterolaemia than in
normal subjects in plasma and in tissues.

e The potential relevance of markedly elevated amounts of
plasma and tissue plant sterols and plant stanols to tissue
deposition and the atherosclerotic process remains
indeterminate.

During consumption of plant sterol-enriched foods, there was a
5-fold elevation in campesterol in stenotic aortic valve cusps [28].
However, in another study, the concentration of plant stanols in the
arterial wall was not modified during consumption of foods
enriched with plant stanols [27]. Clearly, there is a need for large,
long-term clinical studies to exclude the possibility that con-
sumption of dietary plant sterols/stanols might result in accumu-
lation in arterial tissues, and evaluation of these agents as
modulators of plaque formation or regression is equally of interest.
Such studies present multiple methadological challenges, not least
of which is access to plaque tissue for analysis of sterol composi-
tion, and for determination of the expression profile of key genes of
cholesterol and plant sterol metabolism.

2.4. Markers of intestinal cholesterol absorption and synthesis

Serum cholesterol precursors and plant sterols, especially when
expressed as ratios relative to cholesterol, can constitute markers of
the rates of synthesis and absorption of cholesterol in non-
dyslipidaemic subjects, as well as in several clinical conditions
including primary and familial hypercholesterolaemia (FH), obesity
and type 2 diabetes, and during some interventions including plant
stanol consumption [31,32]. Overall, such markers have good val-
idity, but there are exceptions (see Supplementary Appendix) [31-
33], and full validation in multiple conditions is essential. More-
over, there are a number of methodological issues relating to
standardisation of these markers. An on-going survey is investi-
gating the degree of variability in sterol/stanol analytical data
across different laboratories (see Supplementary Appendix).

2.5, Intestinal handling of cholesterol and non-cholesterol sterols:
mechanism by which plant sterols/stanols added to the diet inhibit
the absorption of cholesterol

The handling of sterols and stanols entering the intestinal lumen
from the diet and bile is essentially a triphasic process (Fig. 3) [34—
37]. The first phase is largely physicochemical in nature, occurs
intraluminally, and culminates in the incorporation of cholesterol
and other sterols and stanols into mixed micelles that serve as
vehicles to carry these poorly water-soluble substances up to the
surface of the brush border membrane on the enterocyte. This
solubilisation step is essential for the subsequent entry of any type
of sterol into the absorptive cell, from where it may potentially
reach the circulation.

The second major phase is the uptake of cholesterol and other
sterols or stanols into the enterocyte, a process that is facilitated by
a plasma membrane-localised, general sterol transporter protein,
Niemann-Pick C1-Likel (NPCIL1). Within the absorptive cells,
sterols undergo different fates, depending mainly on their chemical
structure. Collectively, these events within the enterocyte broadly
constitute the third major phase of intestinal handling. The
bulk of the cholesterol is esterified by acyl CoA: cholesterol
acyltransferase-2 (ACAT2) and incorporated into nascent chylomi-
crons, which initially enter the lymph before joining the circulation
via the thoracic duct [38,39]. The absolute content of plant sterols/
stanols in chylomicrons is markedly lower than that of cholesterol,
with up to 50% in esterified form [39]. Importantly, the bulk of plant
sterols/stanols is pumped back into the gut lumen via the ABCG5/
ABCGS8 transporter, resulting in minimal entry of these plant-
derived molecules into the circulation [34,40,41]. Finally, foods
with added gram quantities of plant sterols/stanols cause a signif-
jcant inhibition of cholesterol absorption, most likely through
disruption of thé intraluminal solubilisation step [37], although

4 possible mechanistic explanations have been proposed [42].
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Fig. 3. Schematic summarising the three main steps (indicated by the numbers in red circles) involved in the intestinal handling of cholesterol and non-cholesterol sterols, In the
first step within the intestinal lumen, sterols are incorporated into mixed micelles (1). At the brush border membrane, sterols are released from the micelles and transported into
the cell via the Niemann-Pick C1-Likel transporter (NPC1L1) (2). Once internalised, these sterols can be handled in different ways (3). For the bulk of the internalised non-
cholesterol sterols, efflux back into the lumen occurs via ABCGS/ABCGB (ATP binding cassette transporters G5 and G8). In contrast, a significant proportion of the internalised
cholesterol undergoes esterification via ACAT2 (acy! CoA-cholesterol acyltransferase-2). The esterified cholesterol, along with much smaller quantities of esterified non-cholesterol

sterols, are incorporated into nascent chylomicrons which enter the lymphatic system an

d ultimately the circulation. Dietary plant sterol or stanol supplementation is believed to

inhibit the absorption of cholesterol most likely through disruption of the intraluminal solubilisation step {37]. Abbreviations: apo apolipoprotein; C cholesteral; CE cholesteryl

ester; FA fatty acid, MTP microsomal triglyceride transfer protein; TG triglyceride.

As discussed above, the ABCG5/G8 genes play a crucial role in
regulating circulating levels of plant sterols [20,21]. In the KORA
study, common variants of 1541360247 and rs4245791 in the ABCG8
gene accounted for 8% of the variance in circulating levels of plant
sterols [43). The relationships of these and other variants in high
linkage disequilibrium with circulating plant sterol levels have
been confirmed in the CARLA, LURIC, and YFS cohorts [43,44].

3. Lipid modifying effects of plant sterols/stanols
3.1. LDL cholesterol lowering

Epidemiological studies in the UK (n = 22,256), Sweden
(n = 77,652) and China (n = 3940) observed that naturally-
occurring dietary plant sterol intake is inversely related to plasma
total- and LDL-C levels [45—47]. However, in a well-controlled
study in healthy subjects, low (126 mg plant sterols/2000 kilocal-
ories) or high intake of plant sterols (449 mg plant sterols/2000
kilocalories) did not affect plasma LDL-C concentrations in spite of
modulating cholesterol metabolism [48]. Furthermore, even at the
highest levels of dietary intake, plant sterols/stanols occurring
naturally in the diet have a modest hypocholesterolaemic effect. On
the other hand, when natural plant sterols were omitted from the
diet, serum LDL-C concentrations increased [49].

In contrast to the minimal effects of variation in consumption of
naturally-occurring plant sterols/stanols in the diet, early studies
such as that by Farquhar et al. (1956) demonstrated that befa-
sitosterol supplementation lowered both total serum cholesterol
and LDL-C (as beta-lipoprotein lipid) in young men with athero-
sclerotic heart disease [50]. Subsequently, Miettinen et al. (1995)
demonstrated for the first time that foods (such as margarine, see
Box 2) enriched with sitostanol ester lowered both total serum
cholesterol and LDL-C in mildly hypercholesterolaemic subjects
[51].

Subsequent data show consistent support for the LDL-C
lowering effects of foods with added plant sterols/stanols [52—

54]. In the most recent meta-analysis, consumption of foods with
added plant sterols/stanols (2 g/day) lowered LDL-C to a similar
extent (8.2% and 9.3%, respectively) [54]. Regrettably, there is a
paucity of data relating to the potential of higher plant sterol/stanol
doses to further lower LDL-C levels, and thus CV risk {6,54,55]. It has
been suggested that maximal LDL-C lowering may be greater with
plant stanols (up to 16%) and plant stanol esters (17%), but this
conclusion relies on limited studies using doses of 4—9 g/day, none
of which involved direct head-to-head comparisons with plant
sterols. Whether there is a position for plant sterol and/or plant
stanol intakes to be raised higher than those currently recom-
mended (2—3 g/day) in prevention strategies for the general pop-
ulation remains open. The fact that there is consistent, robust
evidence indicating that lowering of LDL-C by different mecha-
nisms (statins, diet, partial ileal bypass, bile acid sequestrants) re-
sults in reduction in CV risk, underlies the rationale for inclusion of
plant sterols/stanols in international clinical guidelines for the
management of dyslipidaemia [5,56]. In this context, it must be
recognised that the use of functional foods enriched with plant
sterols/stanols is currently not advised for children under 6 years.
There is, however, a substantial database showing consistent LDL-C
lowering efficacy in children. In controlled clinical trials in children

Box 2
Types of foods with added plant sterols or plant stanols

Low-fat spread/margarine
Yoghurt drinks

Dairy-free drinks

Low- or reduced-fat milk
Soft cheese

Orange juice

Muesli

Bread

Biscuits
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and adolescents aged 4—15 years, consumption of foods supple-
mented with plant sterols/stanols (1.5-3 g/day) resulted in
consistent LDL-C reduction (by 5—15%) in normolipaemic children
(n = 98), and equally in children with FH (n = 224; by 9-19%) (see
Supplementary Table 2) [57—66]. The magnitude of such reductions
is comparable to that observed in adults. On this basis, the Panel
proposes that dietary supplementation with plant sterols/stanols
may be considered in children (from the age of 6 years) with FH
who require lipid lowering treatment as an adjunct to lifestyle
advice and potential pharmacotherapy, although long term safety
studies are clearly needed.

3.2. Additional effects on the plasma lipid profile

Most studies with plant sterols/stanols were conducted in in-
dividuals with isolated hypercholesterolaemia. The available data
suggest that triglyceride levels are reduced by 6—20% at intakes of
1.5—2 g/day of plant sterol/stanol, with essentially no effect on
HDL-C [67-69]. Pooled analyses showed a modest reduction in
plasma triglycerides of 6% and 4% for recommended intakes of plant
sterols (1.6—2.5 g/day) or plant stanols (2 g/day), respectively
[69,70]. Indeed, evidence suggests a relationship between baseline
triglyceride levels and the magnitude of this effect, with 9%
reduction when baseline triglycerides were 1.9 mmol/L (170 mg/
dL), but no effect at baseline levels of 1.0 mmol/L (90 mg/dL) [69]. In
subjects with metabolic syndrome and moderate hyper-
triglyceridaemia, plant stanols lowered hepatic production of both
large (>60 nm) and medium size (35—60 nm) VLDL particles [67].
Other studies documented a reduction in small, dense LDL particles
in patients with type 2 diabetes or metabolic syndrome after con-
sumption of plant stanols/sterols [68,71]. Based on one study, it
appears that plant sterols/stanols do not influence lipoprotein(a)
levels [72].

Finally, it is of considerable interest that LDL-C reduction, sub-
sequent to consumption of a plant stanol ester-enriched diet in a
population of metabolic syndrome subjects, was without effect on
plasma levels of proprotein convertase subtilisin/kexin type 9
(PCSK9) (] Plat, unpublished data), a potential contrast to the
elevation in PCSK9 levels induced upon statin-mediated LDL-C
lowering [73].

Future studies of the potential effects of foods with added plant
sterols/stanols in attenuating the atherogenicity of the postprandial
period in well-phenotyped cohorts of subjects with metabolic
syndrome or type 2 diabetes would be of special interest. Such
investigations should focus on normalisation of both the qualitative
and quantitative features of atherogenic triglyceride-rich lipopro-
teins and their remnants during this phase.

4. Effects on atherosclerosis
4.1. Studies in animal and cell-based models

Because plant sterols/stanols effectively reduce plasma LDL-C
concentrations, their use could constitute a potential protective
strategy against the initiation and progression of atherosclerosis.
Most of the available supportive data relate to studies in animal-
and cell-based models, however, these have inherent limitations.
Thus, investigations in animal models have been of short duration,
while very high (pharmacological) doses have been typically
applied in both animal and cell models, thereby highlighting the
need for cautious interpretation of the experimental findings.

4.1.1. Animal models
To date, more than 30 studies have investigated the effect
of plant sterol/stanol supplementation on experimental

atherosclerosis in various animal models (see Supplementary
Table 3 and reviewed by Kritchevsky and Chen [2005]) [74]. In
genetically-modified mouse models of atherosclerosis, protective
effects were observed despite increases (up to 10-fold) in plasma
plant sterolfstanol concentrations [28,75,76}. Such effects included
reduction in arterial lipid accumulation, and inhibition of lesion
formation and progression. Moreover, regression of existing lesions
correlated with the cholesterol-lowering action of plant sterols/
stanols.

4.12. Cell-based models

4121 Cellular metabolism of plant sterols/stanols and potential
impact on cholesterol metabolism. The proportions of plant sterols/
stanols relative to cholesterol found in plasma are maintained in
tissue sterols [24,26], suggesting that they are handled similarly to
cholesterol in most cells. While direct studies of cellular plant sterol
metabolism are relatively limited in scope, they support this view.
For example, the rates of uptake and accumulation of sitosterol and
cholesterol by macrophages are similar [77], and substantial
esterification of beta-sitosterol (=sitosterol) and other plant sterols
can be measured in many tissues and cells [26,78,79]. On the basis
of limited data, efflux of sitosterol and sitostanol to HDL from hu-
man macrophages appears to be more efficient than that of
cholesterol [77].

Cholesterol homeostasis is tightly controlled at the transcrip-
tional level via Sterol Regulatory Element-Binding Protein-2 and
liver X receptor (LXR)-dependent regulation, and also by post-
translational control of the turnover of a number of key enzymes,
receptors and transporters. Plant sterols appear to have little or no
impact on these processes. Their ability to activate LXR-dependent
genes is negligible or very low [80—84]. A plant sterol-enriched diet
had no effect on mouse intestinal LXR target gene expression [85].
In future studies, more comprehensive evaluation of the effects of
‘physiological’ concentrations of plant sterols/stanols on the he-
patic and intestinal gene expression profile would be of consider-
able interest.

4.1.2.2. Influence of plant sterols/stanols on inflammatory pathways.
In macrophages, recent studies have shown that lipid accumulation
and inflammatory responses are co-ordinated through LXR-
mediated transrepression of inflammatory genes by desmosterol,
an intermediate in cholesterol synthesis and an endogenous LXR
ligand [86,87). Interestingly, as plant sterol/stanol consumption
results in a compensatory increase in endogenous cholesterol
synthesis [31], the corresponding increase in intracellular des-
mosterol concentrations could result in plant sterol/stanol-induced
anti-inflammatory effects. Indeed, a number of in vitro studies
indicate that some plant sterols exert anti-inflammatory effects on
activated macrophages. However, these studies have significant
limitations, as they involved addition of plant sterols and/or stanols
under conditions, which (although seldom directly measured),
almost certainly significantly increase the plant sterol:cholesterol
ratio to values well in excess of the normal 1:500 to 1:1000 ratio
that exists in vivo. This is likely even when plant sterols are added at
‘physiological’ concentrations. Future studies must include direct
measurement of the cellular levels of cholesterol and plant sterols
and should aim to mimic those found in vivo,

There are conflicting findings with respect to the effects of
sitosterol and campesterol on production of proinflammatory fac-
tors by macrophages [88—92]. Interestingly, sitosterol stimulated
anti-oxidant pathways and inhibited either phorbol ester- or
lipopolysaccharide-stimulated prostaglandin synthesis in mouse
macrophages [93—96]. The potential relevance of these findings to
the atherosclerotic process is unclear at present, but warrants
urther research. In addition to macrophages, substantial evidence
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attests to the implication of T-lymphocytes in the immuno-
inflammatory dimension of atherosclerosis [57]. Interestingly,
both plant sterols and plant stanols exert immune-modulating
properties, to the extent that the evoked T-helper cell (Th) 1
response, as shown by enhanced production of the Th1 cytokines,
interferon-gamma and interleukin-2, and activation of toll receptor
2, is an essential feature of this response [92].

Thus, in summary and based on the evidence discussed, we
cannot exclude the possibility that accumulation of plant sterols/
stanols might occur in vascular cells as a consequence of an increase
in their circulating concentrations (see Box 3).

4.2, Studies in humans

4.2.1. Relationship of plant sterol/stanol consumption and vascular
health

Human studies evaluating the effect of dietary plant sterols/
stanols on measures of arterial structure or function using carotid
intima media thickness, brachial artery size, flow-mediated dila-
tation (FMD), and arterial stiffness have not shown any major,
consistent effects on vascular or endothelial function during short
and mid-term plant sterol or plant stanol intake [64.66,98—103]. All
studies were small and mostly of short duration, and importantly,
several studies were in subjects with low CV risk exhibiting normal
vascular function at baseline. Despite significant reductions in LDL-
C levels, no consistent changes in measures of inflammation,
oxidative stress or endothelial function were observed. In a study of
apparently healthy non-smokers, daily use of plant stanol marga-
rine for >2 years did not improve carotid artery compliance [103],
and in a shorter (3 months) study, failed to impact FMD [98].
Similarly, in two studies in pre-pubertal children with FH, dietary
plant sterol/stanol consumption did not improve endothelial
function despite significant LDL-C lowering [64,66].

Recent research has focused on the characteristics of the
microcirculation as markers of early arterial disease [104]. In one
trial [105], intake of foods enriched with plant sterols/stanols
(2.5 g/day) for 85 weeks by statin-treated subjects showed an as-
sociation between the increase in serum campesterol concentra-
tions and changes in both retinal arteriolar and venular diameters.
Retinal venular diameters increased (by 2.3 = 3.1 pm) and arteriolar
diameter decreased (by 0.7 = 4.7 um) in the group receiving added
plant sterals, although these effects did not reach significance.
However, the change in cholesterol-standardised campesterol
concentrations correlated positively with the change in venular
diameter independent of changes in LDL-C concentration. Other
studies with endpoints including coagulation [72], platelet

Box 3
Implications from studies in animal- and cell-based models of
the impact of plant sterols and plant stanols on atherosclerosis

e The limited available data indicate that most cells handle
(uptake, esterification, export} plant sterols/stanols in a
similar manner as cholesterol.

e In vivo, plant sterols represent ~0.1% of total cellular
sterol; however, most in vitro studies have involved the
use of much higher levels of plant sterols.

» Evidence suggests that plant sterols do not affect cellular
cholesterol homeostasis, although further studies are
needed to confirm this.

s Some studies indicate mild anti-inflammatory effects of
plant sterols/stanols, but confirmation is required at
‘physiological’ levels of plant sterols.

e Plant sterols are not toxic at ‘physiological’ concentrations.

aggregation measures [106], oxidant stress [107], inflammation
[108] or other biomarkers did not demonstrate convincing benefit.
It is possible, however, that the reduction of LDL-C by 10%, as
typically mediated by intake of foods with added plant sterols/
stanols, may not attain the threshold required for impact on these
parameters. Adequately powered, controlled studies of the effects
of plant sterols/stanols on morphological, functional and
biochemical surrogate markers of atherosclerosis are needed. Based
on present evidence, there is no indication that dietary supple-
mentation with plant sterols/stanols are associated with either
benefit or harm to vascular function.

4.2.2. Relationship of circulating plant sterols/stanols and CV risk:
Cohort studies

Several observational studies have investigated the association
between circulating plant sterols and atherosclerosis in the general
population. Some early reports found moderately elevated plant
sterol levels to be positively associated with vascular disease
[109,110], although others suggested an inverse or lack of rela-
tionship between circulating plant sterols and CV risk [111 —113]. A
recent meta-analysis including 17 studies (n = 11,182) [114],
showed no significant associations of circulating campesterol and
sitosterol with vascular disease over a range of circulating plant
sterol concentrations (average concentrations for first and third
tertiles, 0.17 and 0.47 mg/dL [4 and 12 pmol/L] for campesterol, and
0.13 and 0.38 mg/dL [3 and 10 pmol/L] for sitosterol). Two studies
showed inverse relationships between plant sterols and CV risk,
one study did not find any association, and a further study reported
a positive association between plant sterols and CV risk [115—118].

Since these retrospective/case-control and prospective/cohort
studies do not provide the highest level of evidence in defining
causality, and as placebo-controlled trials with these endpoints are
lacking, Mendelian randomisation studies may be informative.
Moderate elevations of circulating plant sterols, which are associ-
ated with plant sterol-raising variants in the ABCGS gene, showed a
positive association with prevalent coronary artery disease
[43,119—122]. Such an increase in risk can, however, be entirely
explained by the association of ABCG8 variants with intestinal
cholestercl absorption, as reflected by circulating cholestanol
levels, and with LDL-C plasma concentration, rather than circu-
lating levels of plant sterols [44,123—126]. The ABO gene has also
been associated with elevated circulating sterol levels and CV risk
[43]. However, the ABO locus exhibits even greater pleiotropy than
the ABCG5/G8 locus, as it regulates von Willebrand factor, coagu-
lation factor VIIL, intercellular adhesion molecule-1, P-selectin, and
E-selectin levels [127—129]. In the largest report to date (n = 1242),
circulating levels of plant sterols were lower in the group with
coronary artery disease (CAD), and concentrations of the plant
stanols, campestanol and sitostanol, which are much lower than
those of plant sterols, were not different between the groups with
and without CAD [130]. Thus, the available Mendelian random-
{sation studies do not provide a scientific basis to discourage the
use of plant sterol- or plant stanol-containing functional foods.

A healthy diet is the cornerstone of CVD prevention. In this
respect, it is of critical importance that indisputable evidence
supports the contention that lowering of plasma LDL-C levels
confers clinical benefit, irrespective of mechanism, and that such
mechanisms include dietary intervention [4—7,131—133]. Indeed,
robust data show that there is no qualitative difference between
statin- and non-statin-mediated reduction in LDL-C when
comparing their estimated effects on myocardial infarction or CHD
death on the basis of the Bayes factor [5]. Thus, the regression lines
for all individual diet (n = 5), bile acid sequestrant (n = 3), surgery
(n=1), and statin (n = 10) trials were similar and consistent with a
one-to-one relationship between LDL-C lowering and reduction in
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CHD and stroke over 5 years of treatment [5]. In this context, and as
discussed above, it is of immediate relevance that consumption of
2 g/day of plant sterols/stanols, as part of a healthy diet, lowers LDL-
C plasma levels by approximately 10% [52--54].

The EAS Consensus Panel on Phytosterols, however, recognises
that there is a lack of randomised data pertaining specifically to the
impact of foods with added plant sterols/stanols on CVD preven-
tion. Large-scale outcome trials of food products with added plant
sterols/stanols for CVD prevention in the setting of low to inter-
mediate risk are not practically feasible, given the very large
number of subjects (>50,000) required for adequate power (see
Supplementary Appendix 2. Feasibility of an outcomes study for
food products with added plant sterols/stanols). Furthermore,
the benefit of consistent, but relatively small, additional LDL-C
lowering from consumption of foods with added plant sterols/
stanols, as part of a healthy diet, would be difficult to demonstrate
definitively in a clinical trial of optimally treated patients at highCcv
risk, even if 25—30,000 individuals were enrolled. The absence of
randomised, controlled trial data with hard end-points to establish
clinical benefit from the use of plant sterols or plant stanols must be
considered when health professionals choose to advise their use as
supplements to a healthy diet.

5. Safety

In the context of benefit-risk considerations, substantial interest
has focused on the safety aspects of plant sterols/stanols when used
as cholesterol-lowering agents. Given that the level of plant sterol/
stanol intake required for cholesterol lowering ranges from 1 to 3gf
day, well above typical consumption patterns which rarely exceed
400—600 mg/day, a considerable literature has amassed exploring
possible deleterious effects of prolonged plant sterol/stanol con-
sumption. Indeed, for some individuals zealously consuming mul-
tiple foods with added plant sterols/stanols, it is feasible that
intakes could rise considerably above the 3 g/day level considered
to represent the ceiling at which the dose-response curve for
cholesterol-lowering with plant sterols begins to plateau. However,
evidence from clinical studies and post-launch monitoring in-
dicates that overconsumption of foods with added plant sterols/
stanols is not an issue [19,134].

Specific areas of concern surrounding plant sterol/stanol con-
sumption include (i) possible negative effects on fat-soluble
vitamin status, and (ii) and cancer risk. Overall, longer-term post-
launch monitoring efforts have failed to answer the question
whether foods with added plant sterols/stanols cause any unex-
pected negative health effects [135136] Several longer-term
feeding trials have similarly failed to identify any negative action
of plant sterol/stanol consumption on clinical chemistry, haema-
tology or clinical symptomology [52—54,137,138].

A repeated observation in some, but not all, plant sterol feeding
trials is modest suppression of plasma carotenoid concentrations
(by 10%), especially for the highly lipophilic hydrocarbon caroten-
oids (beta-carotene, alpha-carotene and lycopene) [139,140]. It has
been suggested that this may arise from suppression of intestinal
absorption |141]. Increasing consumption of fruits and vegetables
offsets any decline in fat-soluble vitamin levels induced by plant
sterol/stanol intakes in the range that lowers cholesterol [139].

Considerable controversy has occurred over the past decade
regarding a possible atherogenic role of high circulatory levels of
plant sterols/stanols. Reports are conflicting, although the most
recent work seems to indicate that plasma levels of plant sterols
associated with recommended intakes (2 g/day) do not pose a
health risk. Mendelian randomisation studies have claimed to show
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effects, the results of these studies can readily be explained by an
increased cholesterol absorption rate (see above).

Lastly, considerable evidence from animal and cell studies sug-
gests, if anything, a protective role of sitosterol against certain
cancers [142—145]. Thus, there is no increase in cancer risk with
recommended daily intakes of functional foods containing 2—3 g/
day of plant sterols/stanols. In fact, surveillance data associate
reduced risk of certain cancers with plant sterol/stanol intakes
[146,147]. Possible mechanisms based on animal and cell work
suggest direct actions on apoptosis or indirect actions through the
intracellular cholesterol-lowering ability of these agents [145].

Overall, evidence from longer-term monitoring trials, as well as
experimental models, indicates that plant sterols/stanols present a
favourable safety profile, thereby supporting their use in choles-
terol lowering, either alone or adjunctive to pharmacotherapy.
Based on the epidemiology, the genetics, and the wealth of current
clinical trial evidence demonstrating LDL-C lowering with plant
sterols/stanols and lack of significant safety concerns, the use of
plant sterols/stanols in treating hypercholesterolaemia can be
encouraged [56]. The question remains how best to optimise their
use in lipid management.

6. Optimising the use of plant sterols/stanols in lipid lowering
6.1. Combination therapy

In addition to a role in primary prevention in the general pop-
ulation, foods with added plant sterols/stanols may provide addi-
tional LDL-C lowering in dyslipidaemic patients at high CV risk
treated with lipid-lowering drugs. Thus, it is important to define
the lipid-modifying effects of dietary plant sterols/stanols (2—3 g/
day) in combination with pharmacotherapies so as to optimise
their clinical use.

6.1.1. Statins

Statins are inhibitors of the rate-limiting enzyme of cholesterol
biosynthesis, HMG-CoA reductase. As such, their action directly
decreases intracellular levels of cholesterol and its precursors, en-
hances the catabolism of apoB-containing lipoproteins {mainly
LDL) via upregulation of hepatic LDL receptors, and reduces de novo
hepatic (and potentially intestinal) lipoprotein production. Since
plant sterols/stanols act via a distinct mechanism, i.e. by lowering
bioavailability of intestinal cholesterol for entry into the circulation,
it can be speculated that plant sterols/stanols may exert an additive
effect when combined with a statin. In clinical studies, dietary plant
sterols/stanols induce an incremental decrease in LDL-C levels of
10—15% when added on top of statin therapy, which is superior to
that (6%) obtained by doubling the statin dose [148—151 ]. In vivo
studies of LDL-apoB kinetics in patients with type 2 diabetes mel-
litus indicated that the additive effects on LDL-C reduction when
stanols were added to statins resulted from decreased production
of LDL [152]. Thus, the generally accepted efficacy of plant sterol/
stanol consumption (2—3 g/day) is maintained on top of statin
therapy.

6.1.2. Ezetimibe

As the lipid-lowering mechanism of ezetimibe is mediated by
inhibition of intestinal cholesterol absorption, ezetimibe could be
considered a competitor of dietary plant sterols/stanols at the
molecular level. Importantly, however, the targets differ; ezetimibe
blocks the NPC1L1 transporter, while plant sterols/stanols displace
cholesterol from intestinal micelles. Moreover, as NPC1L1 is also the
entry gate for dietary plant sterols/stanols into the body, ezetimibe-
mediated inhibition of this mechanism should both enhance their
effects in the lumen of the intestine, and also reduce their plasma
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Box 4
Consensus panel recommendations

» Daily consumption of foods with added plant sterols and/
or plant stanols in amounts of up to 2 g/day is equally
effective in lowering plasma atherogenic LDL-C levels by
up to 10%, and thus may be considered as an adjunct to
lifestyle in subjects at all levels of CV risk. At higher daily
intakes (9 g/day), the effects of plant stanols appear more
pronounced, but additional studies are needed to confirm
these results and examine safety at higher doses.

Plant sterols and plant stanols can be efficaciously com-
bined with statins. Very limited data suggest plant sterols/
stanols may also lower LDL-C levels in combination with a
fibrate or ezetimibe. In this way, the potential for attain-
ment of LDL-C goals as a function of overall CV risk can be
enhanced.

Enhanced consumption of plant sterols and plant stanols
may be considered as an adjunct to lifestyle and dietary
approaches for modestly reducing elevated plasma tri-
glyceride levels, especially when levels are elevated
before treatment. This needs further study in appropriate
populations with elevated triglycerides.

levels. However, clinical data are limited, and in the largest study to
date, there was a significant incremental reduction in intestinal
cholesterol absorption during administration of ezetimibe plus
plant sterols (2 g/day) associated with a significant 8% reduction in
LDL-C compared to ezetimibe alone [153].

6.1.3. Other combination lipid therapy

The relevance of other combination therapies merits consider-
ation, especially from the perspective of comprehensive lipid con-
trol in cardiometabolic disease. Clinical studies show a trend for an
additive effect on LDL-C levels when foods enriched with plant
sterols/stanols are consumed with a fibrate [154,155]. Given that
N — 3 fatty acids have a small effect on cholesterol metabolism and
mainly influence triglyceride levels, consumption of plant sterols/
stanols and N — 3 fatty acids may exert a complementary beneficial
effect on the lipid profile. Indeed, both are recommended as

<70 mg/dL 70 to 100 mg/dL
<1.8 mmo¥/dL 1.8 10 <2.5 mmol/dL

components of a healthy diet for prevention of CVD [56,156].
Currently there are insufficient data regarding the lipid-lowering
efficacy of a combination of bile acid sequestrants and dietary
plant sterols/stanols. However, as bile acid sequestrants interact
with lipophilic substances, it is likely that such a combination will
interfere with intestinal sterol/stanol absorption. Additionally, di-
etary plant sterols, but not plant stanols, suppressed bile acid
synthesis, probably altering bile acid sequestrant-mediated
cholesterol-lowering efficacy [157].

In conclusion, the 10% reduction in serum LDL-C concentrations
typical of consumption of foods with added plant sterols/stanols at
doses of approximately 2 g/day, persists on top of the effect of
statins. Limited data suggest an additive effect of plant sterols/
stanols with ezetimibe and fibrates.

6.2. Postprandial lipaemia

Since foods with added plant sterols/stanols reduce cholesterol
absorption, they might also reduce the production of intestinally-
derived chylomicrons and chylomicron remnants. The few studies
that have been conducted, using either a single standardised meal
or day-long measures of plasma triglycerides, have not shown any
effect of either acute or chronic plant sterol/stanol intake on post-
prandial triglycerides [150,158,159]. Where measured, levels of
postprandial plant sterols/stanols were variable [158,159]. Inter-
estingly, consumption of plant sterols esterified with fish oil for one
month resulted in lower postprandial triglyceride levels than fish
oils alone [160]. Overall, the limited data examining the potential
lowering of postprandial triglyceride excursions do not show sig-
nificant effects, which might relate to low levels of baseline tri-
glycerides in subjects in these studies.

7. EAS consensus panel recommendations

Currently, foods with added plant sterols/stanols may be
considered in individuals with high cholesterol levels but equally in
those with intermediate or low global CV risk who do not qualify for
pharmacotherapy [56]. On the basis of critical appraisal of the ev-
idence base above, this EAS Consensus Panel therefore considers
that there is a place for these products, in conjunction with other

155 1o <180 mg/dL
4.0 10 <4.9 mmol/dL

100 to <155 mg/dL
2.5 to <4.0 mmol/dL

<1 No lipid Intervention No lipid intervention

2ito <5

>5t0 <10
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* in patients with M, statin therapy should b considered irrespective of LDL-C levels

Fig. 4. Addition of functional foods with plant sterols/stanols, as a component of lifestyle intervention, may have potential value in individuals with high LDL-C levels at inter-
mediate or low global cardiovascular risk who do not qualify for pharmacotherapy (as indicated by pink shading), in line with the joint ESC/EAS Guidelines for Management of
Dyslipidaemia [56]. Equally, foods with added plant sterols/stanols may be considered in the context of lifestyle intervention in subjects at high or very high cardiovascular risk (as

indicated by blue shading). Adapted from Reiner et al. (2011) [36].
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Table 2

Comparison of the cost of foods with and without added plant sterols. Data based on
a strategic analysis of the European market (Frost & Sullivan Research Service,
London, UK, 2005) [163].

Product type Cost per kg (UK sterling) Incremental
5 N cost ratio®
Foods with added Foods without added
plant sterols plant sterols
Spreads 7.46—7.98 1.80 4.14-443
Health drinks 4.95-8.10 2.20 2.25-3.68
Yoghurt 2.80-4.00 2.10 1.33-1.90

2 Ratio of cost of foods with added plant sterols to cost of foods without plant
sterols.

lifestyle interventions, in patients receiving lipid-lowering therapy
with statins or other agents who do not achieve LDL-C targets, or in
those with statin intolerance (see Box 4 and Fig. 4). Finally, given
the increasing importance of early preventive strategies in hyper-
cholesterolaemia [G], the potential for inclusion of plant sterol- or
plant stanol -enriched foods in the diet of adults and children (>6
years) with FH, as an adjunct to lifestyle and pharmacotherapy, may
be considered. We base these recommendations on the proven
ability of plant sterols/stanols to lower plasma LDL-C levels in the
absence or presence of concomitant statin therapy, and equally on
evidence that they reduce plaque size in atherosclerosis-prone
animal models. We understand that, in the absence of CVD
outcome data from randomised clinical trials, the evidence for use
of plant sterols/stanols is incomplete.

Healthcare professionals should take into account the level of
overall CV risk of patients, and their preferences. In addition, the

Box 5
Unresolved guestions

e Does inter-individual variability occur in the cholesterol-
lowering efficacy of plant sterols/stanols, i.e. is it
possible to identify hyper- versus hypo-responders? If so,
is it also possible to overcome lack of or poor respon-
siveness with higher plant sterol/stanol intake?

e Do plant sterols/stanols affect lipoproteins beyond LDL-C,

i.e. atherogenic triglyceride-rich lipoproteins and their

remnants, LDL and HDL subfractions, and lipoprotein(a)?

Do plant sterols/stanols reduce the potential atheroge-

nicity of postprandial lipid and lipoproteins, especially in

subjects with cardiometabolic disease such as type 2

diabetes?

e How do plant sterols/stanols affect lipoprotein meta-

bolism in specific populations, for instance in patients

with the metabolic syndrome or type 2 diabetes mellitus
who exhibit an atherogenic lipoprotein phenotype?

How do plant sterols affect cellular lipid homeostasis?

How do plant sterols affect the function of cells involved

in the development of atherosclerosis, such as endothe-

lial cells, monocytes and macrophages under resting and

‘activated’ conditions in vitro, ex vive and in vivo?

e Do plant sterols/stanols have significant effects on

biochemical surrogate markers of atherosclerosis

including coagulation, platelet aggregation, oxidant
stress, and subclinical inflammation?

Is consumption of foods with added plant sterols/stanols

(2 g/day), as part of a healthy diet, associated with clinical

outcomes henefits? Given that large randomised out-

comes studies in low to moderate risk subjects are not
practically feasible, can sufficiently powered, randomised
controlled studies show significant effects of plant sterols

and/or stanols on morphological and functional (e.g.

endothelial function) surrogate markers of arterial

phenotype and/or atherosclerosis?

e o

Box 6
Health economic evaluation of consumption of foods with added
plant sterols and/or plant stanols

Nutrition economics follows a 4-step process in order to
compute the health and economic impact of penetration of
the market place of foods with added plant sterols/stanols.

To adopt the 4-step cost-of-illness approach:

» Determine a success rate for adoption of foods with
added plant sterols/stanols across the target population

» Evaluate the extent of LDL-C reduction due to consump-
tion of foods with added plant sterols/stanols

o Assess the decrease in coronary heart disease (CHD)
prevalence due to the estimated reduction in plasma LDL-
C levels

e Estimate the healthcare savings resulting from the
reduction in CHD prevalence

This multistep approach can be applied with a range of
inputted values for the 4 steps above, ranging from opti-
mistic to pessimistic.

cost of these products is relevant as there appears to be a significant
relationship between socioeconomic level and the profile of con-
sumption of food products [161,162]. Based on UK data, itis evident
that the cost/kg of food products with added plant sterols can range
from 1.3-fold to up to 4-fold higher than that of their conventional
counterparts (Table 2) [163]. Thus, cost may potentially constitute a
deterrent to the regular purchase of these products, especially
among less affluent, higher-risk groups. Indeed, this is supported by
recent analyses from the Predi-Med study in Spain [164], which
suggest that economic difficulties in Southern Europe may have
had a detrimental effect on adoption of favourable dietary behav-
iours, including reduced adherence to the Mediterranean diet.

Further studies are needed to address unresolved questions
highlighted in this appraisal (see Box 5). Key priorities include (i)
evaluation of the effects of plant sterols/stanols in patients with
metabolic syndrome; (ii) Mendelian randomisation studies to
investigate the effects of plant sterols/stanols on clinical outcomes;
and (iii) evaluation of long-term safety and effects on clinical out-
comes in registries. Finally, although this EAS Consensus Panel did
not find evidence for any health risk associated with consumption
of these functional foods, the Panel recognises the lack of outcomes
data showing clinical benefit. Given practical constraints, and the
inability to differentiate LDL-C lowering effects of concomitant
pharmacotherapeutic and dietary approaches in polymedicated
patients, health economic modelling (see Box 6) may offer a
feasible approach to investigate whether wider use of these func-
tional foods has the potential for healthcare savings due to reduc-
tion in CVD prevalence. On the other hand, the EAS Consensus
Panel would clearly welcome, and applaud, efforts by the food in-
dustry to plan and conduct a well-designed and adequately pow-
ered study of the effects of plant sterol/stanol-supplemented foods
on CVD outcomes,
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