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Bitki sterolii ve bitki stanolii aragtirmalarinin ilerlemesi ve gelecegi: Maastricht toplantisi raporu

OZET

Anahtar Kelimeler:
Bitld sterclleri
Bitki stanolleri
Kolesterol
Beslenme

Son yillarda elde edilen ¢ok sayida kanit, bitki sterolleri ve bitki stanolleri eklenmis gidalarin serum LDL kolesterol
konsantrasyonlarini distrdigiinii gostermektedir. Ancak, bu kadar gok veriye ragmen cok sayida bilimsel soru hala
cevaplanmamistir. Bu makalenin amaci, Hollanda'nin Maastricht kentinde diizenlenen bilimsel toplantiya katilan 60
akademik ve endlstriyel uzmanin bitki sterolleri ve bitki stanollerinin saghk (zerindeki etkilerine iliskin goriislerini
ozetlemektir.

Toplant: katithmeilary, etkinlik profili olusturma, yanit vermede heterojenlik, LDL-K diigiirmenin dtesindeki etkiler ve
bitki sterolii ve stanol tiiketiminin gida formiilasyonu yénleri gibi konulari tartugmistir. Ayrica, yiiksek dolagimdaki
bitki sterol konsantrasyonlarinin potansiyel aterojenitesi ile ilgili hususlar tartigilmistir. Bitki sterollerinin potansiyel
aterojenitesi ¢oziilene kadar >200 klinik galismanin sonuglarina dayanarak bitki sterolii kullaniminin riske karg
faydas: olumludur, Bitki steroll ve bitki stanolii aragtirmalarindaki bu konulara iligkin kanitlar sunulmus ve miimkiin
olan yerlerde fikir birligine varmak igin kullamilmustir. Bitki sterolii ve bitki stanolil etkinligini inceleyen son nokta
caligmalarina ihtiyac duyuldugu, ancak béyle bir calisma igin en iyi belirteg ve en iyi tasarim konusunda net bir goriis
olmadigi sonucuna varilmigtir. Mevcut bilimsel kanitlara dayanarak, bitki sterolleri ve bitki stanollerinin serum
kolesteroliini diigiirmek i¢in beslenme segenekleri olarak kullamlmasi énerilmektedir.

1. Giris

Bitki sterolleri ve bitki stanollerinin etkinligi ve giivenligine iligkin ilk
uzman toplantis1 2001 yilinda [talya'nin Stresa kentinde diizenlenmistir.
Sonug olarak, serbest bitki ve bitki stanolleri ve ester formundaki bitki
sterolleri ve bitki stanolleri ile yapilan 41 plasebo kontrollii galismay:
iceren bir meta-analiz yayinlanmigtir [1]. Giinde 2 g bitki sterolii veya
bitki stanoli almmn serum diigiik yogunluklu lipoprotein kolesterol
(LDL-K) konsantrasyonlarim %10'a kadar diisiirdiii ve daha yiiksek
alimlarda ok az ek fayda sagladifi konusunda fikir birligine vanlmstir.
Takip eden yillarda, bircok yetkili ve bilimsel kurulus, serum LDL-K'yi ve
dolayisiyla kardiyovaskiiler hastalik (KVH) riskini azaltmak icin saglikl
bir beslenmenin parcas: olarak bitki sterolit ve bitki stanolii eklenmis
trinlerin kullanimina yo6nelik saglik beyanlarini tavsiye etmis veya
onaylamugtir [2-8].

KVH, diinya ¢apinda morbidite ve mortalitenin 6nde gelen nedeni
olmaya devam etmektedir ve KVH icin bashca onleme hedefi LDL-K
konsantrasyonlarinin azaltilmasidir [9]. Bu perspektifte, mevcut tiim
midahale stratejilerinden elde edilen sonuglar, éliimciill olmayan
miyokard enfarktiisii ve koroner kalp hastahg (KKH) riskini azaltmak
icin serum LDL-K konsantrasyonunu beslenmeyle diisiirmenin, lipid
diigiirticii ilaglarla (érnegin HMG-CoA rediiktaz inhibitdrleri) diisiirmek
kadar degerli oldugunu géstermektedir [10,11]. Bitki sterolleri veya bitki
stanolleri eklenmis gidalarin serum LDL-K konsantrasyonlarim
diigiirdiigline dair kamtlarin bollugu, bitki sterolii ve bitki stanolii
eklenmis driinlerin mevcut beslenme kilavuzlarina dahil edilmesine
yonelik tavsiyelerle sonuglanmigtir [2,12,13]. Bitki sterolleri ve bitki
stanolleri, kolesterol ile yapisal benzerlikler paylasan yaygin beslenme
bilesenleridir.

Alisilmig diyetlerden ortalama bitki sterold alimi yaklagik 250 mg/giin
olup, bitki stanolii ahm oldukga diisiiktiir ve her ikisi de esas olarak
bitkisel yaglardan, tahil ({rinlerinden, kabuklu yemislerden,
tohumlardan, meyvelerden ve sebzelerden elde edilir. Insan diyetinde en
bol bulunan bitki sterolleri B-sitosterol, kampesterol ve stigmasterol iken,
bitki stanolleri (doymus tirevler) daha az bulunur ve esas olarak
sitostanol ve kampestanolden olusur [14]. insanlar bitki sterollerini ve
bitki stanollerini sentezleyemezler ve serum konsantrasyonlar: bagirsak
emilimi ve safra salgisinin sonucudur. Ortalama olarak, plazma sitosterol
konsantrasyonlar: 3,8 ila 16,0 uM ve kampesterol konsantrasyonlar 6,9
ila 279 pM arasinda degigicken [15], plazma bitki stanol
konsantrasyonlart normal popiilasyonda 0,05 ila 0,3 pM arasinda
degismektedir [16]. Bitki sterolleri veya bitki stanolii tiiketimi, bagirsak
kolesterol emilimini azaltarak LDL-K konsantrasyonlarim diigiiriir, bu da
daha sonra endojen kolesterol sentezini artinr ve LDL reseptor
ekspresyonunu yukari dogru diizenler [17,18]. Bununla birlikte, son
goriisler bitki sterolleri ve bitki stanollerinin transintestinal kolesterol
authmimi  artirarak  serum  kolesteroliini  diigtirebilecegini de
gostermektedir [19].

Gectifimiz on yillar boyunca iretilen veri miktarina ragmen, baz
bilimsel sorular hala devam etmektedir. Buna gére, bu derlemenin amaci
60 akademik ve endiistriyel uzmann bitki sterolleri ve bitki stanollerinin
saglik lizerindeki etkileriyle ilgili konulardaki diigiincelerini ézetlemektir.
Bu uzmanlar 30 Ekim - 1 Kasim 2011 tarihleri arasinda Hollanda’'nin
Maastricht kentinde bir araya gelerek Kkardiyovaskiiler saghk
yonetiminde bitki sterolleri ve bitki stanollerinin ge¢misi, buglinii ve
gelecegi ile ilgili cesitli spesifik konulari tartismuglardir. Bitki sterolleri ve
bitki stanollerinin dozlar, serbest sterol ve stanollerin esdeger agirhklar
olarak ifade edilmistir.
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2. Bitki sterolleri ve bitki stanollerinin kolesterol diigtiriicii etkinligi

2001'deki ilk Stresa toplantisindan bu yana, bitki sterolleri ve bitki stanolleri ve
bunlarin esterleri ile ilgili gok sayida ¢alisma yapilmigtir, Abumweis ve arkadaglari
2008 yilinda bitki sterol ve stanol ¢alismalarinin giincellenmis bir meta-analizini
yaymlamigtir [20]. Bu meta-analizde 59 calisma tanimlanmig ve 1,5-2,0, 2,1-2,5 ve>
2,5 g/giin bitki sterolii veya stanol alimlari i¢in sirasiyla 0,29, 0,32 ve 0,42 mmol/L
LDL-K azalmalan ile doz-yamit etkisi gésterilmistir. Bu sonuglar, Demonty ve
arkadaslan tarafindan 2009 yilinda yayinlanan gilincellenmis bir meta-analiz ile
uyumludur [21]. Demonty ve ark. tarafindan yapilan meta-analiz 141 deneme kollu
84 calismay1 icermis ve ortalama 2,15 g/giin bitki sterolii veya stanol dozu igin -0,34
mmol/L (%95CI: -0,36 ila -0,31) veya -%8,8'lik bir ortalama havuzlanmig LDL-K
diigiirticii etki bildirmistir. Bu son meta-analizde, 21 ila 182 giin arasinda degisen
bir siire igin 0,45-9,00 g/giin arahginda bitki sterolleri ve bitki stanollerinin doz-
yamt etkileri arasinda onemli bir fark bulunmamigtir. Bitki sterolleri ve bitki
stanolleri arasinda hesaplanan maksimal LDL-K disiiricii etkide %6,7’lik anlaml
olmayan bir fark bulunurken, bitki sterolleri ve bitki stanolleri igin havuzda
hesaplanan maksimal LDL-K digariicii etki 9%712,3'tiir [21]. Serbest ve
esterlestirilmis bitki steroli ve stanoli, yag bazli ve yag bazli olmayan gida
formatlar: veya siit Giriinleri ve siit Giriinleri olmayan gidalarin doz-cevap egrilerinde
istatistiksel olarak anlaml bir fark gériillmemistir.

2010 yihinda, giinde 9 g'a kadar bitki stanol esterlerinin giinliik aliminin serum
lipoprotein konsantrasyonlar (zerindeki etkisini degerlendiren iki yiiksek doz
caligmasi yayinlanmigtir. Mensink ve arkadaslar: bitki stanolii alimi ile LDL-K'nin
diigiirilmesi arasinda dogrusal bir doz-yamt iligkisi g&stermis, 9 g/giin aliminda
LDL-K konsantrasyonunda kontrole kiyasla %17'lik bir azalma gérilmistir [22].
Benzer bir etki blytkligt, 88 g/giin bitki stanolii aliminda kontrole kiyasla
%17,4'lik bir azalma bildiren Gylling ve arkadaglan tarafindan da gérilmugtiir [23].
Buna karsilik, bitki sterolleri ile yapilan yilksek doz ¢ahsmalari daha az tutarh
sonuglar gostermistir. Clifton ve arkadaslar ester olarak verilen 6,6 g/giin bitki
sterolii aliminda LDL-K konsantrasyonunda baslangi¢ seviyesine gore %12,4'lik bir
azalma bulurken [24], Davidson ve arkadaslan ester olarak verilen 3 g/giin bitki
sterolii alimina kiyasla 9 g/giin aliminda ek bir LDL-K diisiiriicii etki bulamamistir
[25]. Ancak, Gylling ve arkadaslari, Clifton ve arkadaglari ile Davidson ve
arkadaglarinin farkli gida matrisleri kullandiklari ve bu nedenle g¢ahsmalar
arasindaki karsilastirmalarin sinirh gegerlilige sahip olabilecegi unutulmamalidir.
Musa-Veloso ve arkadaglar [26] tarafindan yapilan bir meta-analiz, bitki stanol
esterleri ile yukarida bahsedilen yiiksek doz ¢alismalarimi icermektedir. Musa-
Veloso ve arkadaslar tarafindan yapilan bu meta-analiz, 182 deneme kolunu temsil
eden 114 calismay! igeren ve bitki sterolleri ve bitki stanolleri igin ayr1 ayri LDL-K
diiglirmede doz-yanit etkilerini degerlendiren bitki sterolti veya stanol tiiketimi
lizerine en biiyiik ve en giincel meta-analizdir [26]. Bitki sterolii ve bitki stanoli
alim arah@ 0,2-9,0 g/giin iken> bitki sterolii ve bitki stanolii aliminin 4,0 g/giin
oldugu simirh sayida galigma bulunmaktadir (yani 4 ¢aligma, bitki steroli igeren 2
tabaka ve bitki iceren 4 tabaka). Bu yazarlar (I) bitki stanolleri (%16,4) ve bitki
stanol esterleri (%17,1) igin maksimum LDL-K diisiirticii etkinin, bitki sterolleri
(%8,3) ve bitki sterol esterleri (%8,4) igin maksimum LDL-X diigiiriicii etkilerden
dnemli dlglide daha biyik oldugunu ve (II) bitki stanollerinin &nerilen 2 g/giin
dozunu asan alimlarinin LDL-K konsantrasyonunda ilave ve doza bagli azalmalarla
iliskili oldugunu gézlemlemislerdir. Buna cevaben Demonty ve arkadaslar, yiiksek
dozlarda elde edilebilecek maksimal etkiler hakkinda kesin sonuglara varmanin
gegerliligine iliskin endiselerini dile getirmislerdir [27]. Bu endige (I) simirli sayida
yliksek doz ¢aligmasinin mevcut olmas ve (11) diigiik doz bitki sterol tabakalarinin,
diisiik doz bitki stanol tabakalarina kiyasla orantisiz olmasinin potansiyel etkisine
dayanmaktadir,

Bu endise Maki ve arkadaslar tarafindan bir basyazida paylagilmistir [28]. Musa
Veloso ve arkadaslari, ¢iriitlici bir ¢alisma olarak, Sialvera ve arkadaglan [29]
tarafindan en son yaymlanan plasebo kontrollii bitki sterol esteri miidahale
caligmasin dahil ederek doz-yanit degerlendirmelerini yeniden analiz etmislerdir;
bu gabgmada 4 g/glin Dbitki sterol esteri tiiketimi (zerine LDL-K
konsantrasyonlarinda %19,7'lik bir diglis goriilmis ve 15 diigiik doz bitki sterol
tabakas (bitki sterolii ve bitki stanolii veri setleri arasinda paylagilan en dilgiik olan
< 08 g/gin alim) hari¢ tutulmustur [30]. Bu yeniden degerlendirme, bitki
sterollerine kiyasla bitki stanolleri ve bitki sterol esterlerine kiyasla bitki stanol
esterleri i¢in 6nemli dlglide daha biyiik bir goreceli maksimal LDL-K diigtiriicii etki
seklindeki bulgularini etkilememistir. Musa-Veloso ve arkadaglarimin meta-
analizinin yam sira, Talati ve arkadaslari [31] da bitki sterolleri ile bitki
stanollerinin karsilagtirmall etkinligini degerlendirmeyi amaglamistir. Meta-analiz,
saghkll veya hiperkolesterolemik hastalarda (n = 531) bitki sterolleri ile bitki
stanollerinin yan yana etkisini degerlendiren 14 kér (13 ¢ift, 1 tek) randomize
kontrollli galismay1 icermektedir. Bitki sterolii ve bitki stanolii alim araligi 0,6-2,5
g/glindiir ve bu aralikta bitki sterolleri ve bitki stanolleri arasinda LDL-K diigiiriicti
etkide istatistiksel veya klinik bir fark tespit edilmemigtir [31]. Bu son bulgu, sadece
daha yiiksek alimlarda bitki sterolleri ve bitki stancllerinin etkisi arasinda bir fark
tespit edilebilirken daha diisiik alimlarda etkilerin daha benzer oldugunu gosteren
Muso-Veloso tarafindan yapilan meta-analizle de uyumludur.

Bu soruyu yanitlamak icin 6zel olarak tasarlanmis denemeler yapilmadan 6nce,
bitki sterollerinin ve bitki stanollerinin daha yiiksek dozlarda géreceli etkinligi
hakkinda sonuglara varilamaz. Bu calismalarda yiiksek doz bitki sterolii ve bitki
stanolti alimmin etkileri birebir karsilagtinlmahdir. Bitki sterolleri ve bitki
stanolleri igin su anda tavsiye edilenden daha yiiksek alimlarda (> 2 g/gtn) klinik
bir rol olup olmadig serusu aktif olarak tartigilmistir. Klinik agidan bakildiginda,
daha yiiksek bitki sterolleri ve bitki stanolleri alimiyla gergekten daha bilyiik bir
LDL-K digtirlicti etkiye ulagilabiliyorsa, LDL-K'deki her ilave diislis KVH riskini
azaltma agisindan faydali oldugundan bu olduk¢a cazip olacaktir [10,11]. Yiiksek
dozda bitki sterolii ve bitki stanolii eklenmis iirtnlerin klinik faydasinin yam sira,
maliyet-fayda orani ve tiliketicilerin uyumu gibi pratik etkileri de gbz &niinde
bulundurulmalidir. Bununla birlikte, su anda tavsiye edilen bitki sterolleri ve bitki
stanolleri alim 2 g/glin’diir, ancak EFSA yakin zamanda bitki sterolleri ve bitki
stanolleri eklenmis {irtinler icin 3 g/giin dozuna ybnelik yapilmis bir saglik talebini
onaylamigtir [7] ve bu dozu 4 g/glin’e kadar hafifce artirmak miimkiin olacaktir.

21 Sonug

3 g/giin'e kadar olan dozlarda bitki sterolleri ve bitki stanollerinin egit
kolesterol dugiiriici etkinlige sahip oldugu gdsterilmistir [7,31]. Son caligmalar,
bitki sterolleri ve stanollerinin daha yiiksek dozlarda (> 2 g/gtin) LDL-K distiriic
potansiyel ek etkisine isaret etmektedir, ancak daha yiiksek alimlar icin dnerilerde
bulunulmadan 6nce ek etkiyi dogrulamak igin daha fazla ¢alismaya ihtiyag vardir,

22, Tavsiye

Bitki sterollerinin ve stanollerinin kolesterol distiriici etkinligini 3 g/glin'iin
tizerindeki dozlarda kargilastiran klinik calismalar, daha yiiksek alimlarda esit ve ek
etkinliklerini desteklemek adina gereklidir.

3. Bitki sterolleri ve bitki stanollerinin etkileri popiilasyonlar
arasinda farklilik gésterir mi?

Bitki sterolleri wve bitki stanollerinin serum kolesterol konsantrasyonlan
Uzerindeki etkilerini degerlendiren miidahale c¢alismalar1 sadece saglikli
gonillilerde degil, aym zamanda tip 2 diyabet (T2DM) hastalari, metabolik
sendrom (MetS) hastalar ve ailesel hiperkolesterolemi (AH) hastalar1 gibi farkl:
hastalikli popiilasyonlarda da gergeklestirilmistir.
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Bu popiilasyonlarda gézlemlenen etkiler, yalmzca klinik fayday: optimize etmek igin
degil, aym zamanda fenotipik yanitlarin altinda yatan mekanizmalar aragtirmak
agisindan da ilgi cekicidir. T2DM ve MetS hastalarinda bitki sterolleri ve bitki
stanollerinin etkilerini degerlendiren en az 10 ¢alisma bulunmaktadir. Baker ve
arkadaglari 2009 yilinda, T2DM tanisi konmusg hastalarda (n = 138) bitki steroli ve
stanol tiiketiminin serum lipoprotein konsantrasyonlari (zerindeki etkisini
degerlendirmek i¢in bes randomize, plasebo kontrolli ¢alismamin meta analizini
gerceklestirmistir [32], Bitki sterolii veya stanol tiiketimi (1,6-3,0 g/giin) toplam ve
LDL-K konsantrasyonlarini sirastyla 0,26 ve 0,31 mmol/L oraninda énemli &lglide
azaltmigtir; bu da saghkl bireylerde goriilen azalmalarla kargilastirilabilir. MetS
hastalarinda bitki sterolleri ve bitki stanolleri ile yapilan ¢alismalar daha az tutarh
sonuglar gostermektedir. Bazi calismalar hem bitki sterollerinin hem de bitki
stanollerinin  MetS hastalarinda serum total kolesterol ve LDL-K
konsantrasyonlarint diistirebildigine dair onemli kamitlar sunarken [29,33,34],
galigmalar ayni zamanda bitki sterolii tiketimiyle LDL-K konsantrasyonlarinda
azalma bulamamistir [35,36], Birlikte ele alindiginda, T2DM ve MetS hastalarinda
yapilan ¢alismalar, LDL-K distsiniin derecesinde biiylik degiskenlik
gostermektedir (bkz. Tablo 1) ve diisiisler %0 ila %20 arasinda degismektedir [37].
Ortalama 1,85 g/gtin bitki sterolleri ve bitki stanolleri aliminda, T2DM hastalarinda
ortalama LDL-K diigiisii 0,23 mmol/L (%6,3) ve 3,24 g/giin bitki sterolleri ve bitki
stanolleri alimi MetS hastalarinda ortalama 0,64 mmol/L (%15,6) LDL-K diiglisi ile
sonuglanmaktadir. Buna karsilik, saghkli bireylerde 1,85 g/giin bitki sterolleri ve
bitki stanolleri tiiketildikten sonra ortalama LDL-K azalmasi 0,34 mmol/L (%8,6) ve
3,24 g/gin bitki sterolleri ve bitki stanolleri tiiketildikten sonra LDL-K
konsantrasyonu 0,40 mmol/L (%11,0) azalmaktadir [21]. By, saghikli kontrollerde
gozlenen etkilere kiyasla T2DM hastalarinda biraz daha kiigiik bir yanit ve MetS
hastalarinda daha biiyiik bir yanit oldugunu géstermektedir. Buna ek olarak, TAG
konsantrasyonundaki azalmalar MetS hastalarinda T2DM hastalarina gore daha
fazladir, MetS hastalarini iceren galismalardaki daha az tutarli sonuglar, metabolik
sendromu tanimlayan kriterlerdeki genis aralia atfedilebilir [2,38]. Tammdaki bu
genis araltk nedeniyle, hastalar farkl: metabolik 6zelliklere sahipken MetS tanisi
alabilir ve bu da LDL-K distirme etkinligini degistirebilir. MetS hastalarindaki
cesitlilik icinde hangi &zelliklerin yamiti belirleyebilecegini tanimlamak zorlu bir
gorevdir,

Tablo 1
T2DM ve MetS hastalarinda bitld sterolleri/stanolleri ile yapilan gahgmalarin 9zellikleri.

MetS ve T2DM hastalar;, esas olarak kolesterol dis1 sterol olglimlerine
dayanarak tipik olarak diigiik emilim ve yiiksek kolesterol sentezine sahip olarak
siniflandirilir. Lathosterol konsantrasyonlan mutlak kolesterol sentezini yansitirken
sitosterol, kampesterol ve kolestanol konsantrasyonlar: diyet kolesterol emiliminin
vekil belirtegleridir. Sadece birkag ¢alisma, sterel dengesi ve ¢ift izotop teknikleri
gibi dogrudan yéntemler kullanarak mutlak kolesterol sentezini ve emilimini
gercekten 6lemiistir [39]. Miettinen ve arkadaglar tarafindan yapilan bir
incelemeye gére, vekil belirtecler her kogul ve durumda kolesterol metabolizmasini
yeterince yansitmamaktadir, bu nedenle kolesterol disi vekil belirteglerin apagik
oldugu varsayilirken dikkatli olunmalidir [40]. Buna ek olarak, saglikl bireylerde
kolesterol sentezi ve kolesterol emilimi arasinda kargiiklilik var gibi
goriinmektedir, ancak bu iligki kolesterol sentezi ve emilimi arasindaki baglantinin
islevsiz hale gelebilecegi hastalikli poptilasyonlarda daha az agiktir [40]. Bu durum,
hastalikh poplilasyonlarda tagiyici belirteglerin  de@eri sorusunu giindeme
getirmektedir. Yalnizca tasiyic1 belirteglere dayanarak, MetS ve T2DM hastalan
yanlislikla diigiik emici olarak siniflandirilabilir, oysa bitki sterellerine ve bitki
stanollerine karg gézlenen yliksek yanithlik aksini géstermektedir. Buna ek olarak,
serum kolesterol dis1 sterollerin ve stanollerin  &lglimi genel olarak
standartlagtirlmamig veya kalite kontrollii degildir, bu da dlgiimlerin giivenilirligini
ve sonuglarin yorumlanmasini daha da kotilestirmektedir.

AH hastalarinda bitki sterolleri ve bitki stanollerinin LDL-K disiirme
kapasitesini degerlendiren az sayida ¢aligma bulunmaktadir. AH, ¢ok yiiksek serum
LDL-K konsantrasyonlari ve yiiksek erken KKH insidansi ile karakterizedir, bu
nedenle en azindan ergenlerde ve yetigkinlerde tedavi modaliteleri kolesterol
diigliriicli ilaglara dayanmaktadir. Bununla birlikte, AH hastalart mevcut
tedavilerine ek tedavi olarak bitki sterolleri veya bitki stanolleri eklenmis
gidalardan da faydalanabilir. 2006 yilinda, birincil amact heterozigot AH
hastalarinda (r = 124) bitki sterolleri ve bitki stanollerinin serum lipid
konsantrasyonlari izerindeki etkilerini degerlendirmek olan dért randomize
kontrelltt ¢aligmanin sistematik bir incelemesi yapilmistir [41]. Dahil edilen
galigmalarin siiresi 4 ila 12 hafta arasinda degismekte olup bitki sterolleri ve bitki
stanolleri eklenmis siirtilebilir tirtinler ortalama 2,3 g/glin dozunda uygulanmistir.

Referans Hastalar (n) Tasarim Stire Bitld sterol/stanol dozusg/giin (matris)  TCH'deki Degisim LDL-K'deki Degisim HDL-K'deki Degisim  TAG'daki Defisim
(mmmol/Liv) (mmol/Lin (mmol/Liy (mmol/Lit
Gylling ve Miettinen, 1994 T2DM (11) RC 6hafta Stanollar: 3.0 (siirdlebilir iriin) -0.36,-5.8% -0.37,-9.3% 0,11+ %10,7 -0.06,-1.3%
Gylling ve Miettinen, 1996 T2DM (8) PA 7 hafta Stanollar: 3.0 (siirtlebilir drin) -0.7,-10.5% <0.6,-14.3% -0.05,-2.1% Degisiklik yok
Lee ve arkadaglan, 2003 T2DM (81) PA 12 hafta Stercller: 1,6 (strilebilir driin) -0.12,-1.9% -0.10, -2.3% 0,03+ %24 -0.17,-8.5%
Lau ve arkadaglan, 2005 T2DM (14) RC 3hafta Steroller: 1.8 (siirdlebilir Griin) -0.36,-6.2% -0.84, -25.9% 0,10+ %7.3 0,53,+ %19.6
Yoshida ve arkadaslari, 2006 T2ZDM (13) RC 3 hafta Steroller: 1,8 (bar) -0.07,-1.3% -0.08, -2.2% Degisiklik yok -0.06,-2.8%
Plat ve arkadaslan, 2009 MetS (18) PA 9 hafta Stanoller; 2.0 (yogurtlu icecek) -0.81, -10.9% -0.66,-11.7% 0,05+ %43 -0.46,-31.7%
Gagliardi ve arkadaglan, 2010 MetS (35) PA Shafta Steroller: 2,4 (strdlebilir Grin) -0.29, -5.4% -0.49,-15.1% -0.18, -15.9% Degisiklik yok
Herndndez-Mijares ve arkadaslan, 2011 MetS (24) PA 12 hafta Steraller: 2.0 (az yagh siit) 0.12,+ %2.0 -0.02,-0.5% 0,03+ %27 0.25,+ %16.0
Slalvera ve arkadaslan, 2011 Mels (108) PA 8 hafta Steroller: 4.0 [yogurtiu igecel) -L0%,-163% -0.83,-19.8% Degjsiiclik yok -111,-22.1%
Ortalama bitki Ortalama yanit
sterol/stanol dozu = ¥ rhe
(2/gin) TCH'deki Degigim LDL-K'dald Degisim HDL-K'daki Degisim TAG'daki Degisim
(mmol/L) (mmaol/L) (mmol/L) (mmol/L)
T2DM hastalan
Aprliklandimimams 224 0.32,51% -0.40,-10.8% 0,04+ %3,7 0.05,+9%1.4
Denek sayisma gore agirhklandirilmig 185 -0.20,3.2% -0.23,-6.3% 0.04.-3.1% -0.06,-3.7%
MetS hastalan
Agrhklandinimams 2,60 0.50,7.7% -0.50,-11.8% -0.03,22% -0.33,-9.5%
Denek sayisina gére agirhidandinimsg 3.24 -0.71,11.3% -0.64, -15.6% -0.03,-2.2% -0.66,-13.9%

RC, Randomize gapraz tasarim,

PA, Paralel kol kontrollii tasanim.
Doz, serbest sterollerin ve stancllerin esdeger afirliklan olarak ifade edilmistir,
tDegigiklilder plaseboya layasla ifade edilmistir.
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Plasebo ile karslastirldiginda, serum LDL-K konsantrasyonlari ortalama 0,64
mmol/L (%95 CI -0,86, -0,43 mmol/L) diisiisle %10-15 oraninda azalmistir.
Heterozigot AH hastalarimin hedef konsantrasyonlara ulasmak icin LDL-K’lerini en
az %40 oraninda azaltmalari gerekmektedir [41]; bu da bitki sterolii veya stanol
alimmn tek basina kolesterol hedeflerine ulasmak igin yeterli olmadigim
gostermektedir. Bitki sterolii veya stanol alimi, AH hastalarinin tedavisinde
kolesterol diisiiriicii stratejilere ek bir etki sunmaktadir ve bu durum, lipid
distriicii ilaglanin gen¢ yasta tavsiye edilmemesi nedeniyle AH'l cocuklarda
ozellikle ilgi cekicidir.

31  Sonug

Bitki steroli ve bitki stanolii katkili tirtinlerin T2DM, MetS veya AH'li yetiskinler
ve ¢ocuklar gibi birgok farkli hastalik poptilasyonunda etkili oldugu gosterilmistir.
Bununla birlikte, bu hastalik popiilasyonlarinda genel popiilasyona kiyasla esdeger
etkinlik goriildiigiine iliskin kanitlar, bu popiilasyonlarin her birinde yuriitiilen
degisken doz ve tedavi siirelerine sahip nispeten az sayida calisma nedeniyle hala
simirlidir,

32 Tavsiye

Bitkisel sterol ve bitkisel stano! {riinlerinin T2DM, MetS ve AH'de kullamimina
iliskin daha fazla aragtirma yapilmasi énerilmektedir.

4. Bitki sterolleri ve bitki stanollerinin trigliserit diigiiriicii etkisi

Yiksek serum LDL-K, en &nemlisi olmasma ragmen, KVH igin kan lipidiyle
fligkili tek risk faktorii degildir. Batr'da 262,525 katilmecida 10.158 KVH vakasim
iceren 29 prospektif calismanin  meta-analizi, yiiksek achk TAG
konsantrasyonlarinin KVH i¢in bagimsiz bir risk faktori oldugunu géstermistir [42].
Yiksek TAG konsantrasyonlari yaygindir ve ABD niifusunun yaklagik tgte biri
yiksek aghk TAG konsantrasyonlarina sahiptir (> 1,7 mmol/L) [43]. Bu nedenle
TAG diguriicii stratejilere ihtiyag duyulmaktadir, Cogu miidahale calismasi, bitki
sterollerinin ve bitki stanollerinin HDL-K veya TAG konsantrasyonlarin:
etkilemedigini bildirmistir. Bununla birlikte, bazi calismalarda HDL-K veya TAG'de
hafif degisiklikler bulunmug, bunlar genellikle bitki sterolii veya stanol alimina
degil, diger (diyet) faktorlere baglanmistir [44]. 2008 yilinda Naumann ve
arkadaslari, deneklerin temel &zelliklerinin bitki stanolii tiiketimine serum
lipoprotein yamti tizerindeki etkilerini inceleyen bir meta-analiz gergeklestirmistir
[45]. Bu analiz, bitki stanolii alimi ile TAG diigiirme arasinda bir iligki oldugunu
ortaya koymus ve yliksek bazal TAG konsantrasyonlarina sahip deneklerde daha
biiylik TAG diisiirme gorilmiistiir, Bitki stanollerinin TAG diisiiriici etkisini
aragtirmak icin 6zel olarak tasarlanmis iki calisma, baslangicta yiiksek TAG
konsantrasyonlarina sahip metabolik sendromlu ve hipertrigliseridemik hastalarda
gergeklestirilmis ve sirasiyla %27 ve %11%ik diisiisler bulunmugtur [46,47],
Demonty ve arkadaslari, bitki sterollerinin TAG konsantrasyonlar iizerindeki
etkilerini degerlendiren 12 randomize kontrollii ¢alismanin meta analizini yapmis
ve 1,6-2,5 g/giin arahfinda bitki sterolii alimmin TAG'yi %6,0 oraninda énemli
blgide distirdigini géstermistir [48], Bitki sterol tiketimi ile elde edilen mutlak
TAG azalmalarinda, baslangicta TAG konsantrasyonlar: daha yliksek olanlarda daha
biiytk azalmalar gozlemlenmistir. [48]. Bitki sterolleri ve bitki stanollerinin TAG
diigtirticli etkilerini gésterebilecekleri varsayllan mekanizma, TAG bakimindan
zengin biiylik VLDL-1 partikiillerinin hepatik tiretiminin azaltilmasidir [33]. Hayvan
¢ahgmalarindan, bitki sterolleri ve bitki stanolleri tarafindan indiiklenen diigiik TAG
konsantrasyonunun artan fekal yag atiimi ile cakistigina dair baz oneriler
mevcuttur [49], ancak TAG dustsine yol agan kesin mekanizma heniiz
bilinmemektedir. Bitki sterolleri ve bitki stanollerinin potansiyel TAG diigiiriicii
etkisi, aglik serum TAG konsantrasyonlari yiksek olan popiilasyonlar, dzellikle de
sadece yiiksek LDL-K'den degil aym zamanda yliksek TAG konsantrasyonlarindan
da muzdarip olan MetS hastalari igin bilyiik fayda saplayacaktir.

41  Sonug

Birgok bitki sterolii ve bitki stanolii calismasi, yitksek TAG konsantrasyonlarina
sahip denekleri hari¢ tuttugundan, bitkl sterollerinin ve bitki stanollerinin TAG
digiiriicti potansiyeli goz ard: edilmig olabilir, Bitki steroller] ve bitki stanollerinin
TAG dusiriict etkisi, yiksek bazal TAG konsantrasyonlarina sahip bireylerde daha
fazla goriinmektedir. Bitki sterolleri ve bitki stanollerinin TAG diisirme
mekanizmasi heniiz tam olarak bilinmemektedir.

42, Tavsiye

Bitki sterollerinin ve bitki stanollerinin potansiyel TAG diisiiriicii etkisi, ozellikle
de postprandiyal TAG konsantrasyonlar: 6nemli bir KVH risk fakt6rii olarak ortaya
ciktifindan, postprandiyal durumdaki potansiyel TAG diigiiriicii etkileri daha fazla
aragtirma ihtiyacini hakl ctkarmaktadir [50].

5. Bitki sterolleri ve bitki stanollerine kars: LDL-K duyarhliginda
heterojenlik

Mevcut meta-analizlerden elde edilen kanitlar, bitki sterolleri ve bitki
stanollerinin 2 g/giin civarindaki dozlarda LDL-K konsantrasyonlarinda yaklagik
%10Tuk bir ortalama dilsiis sagladigini tutarh bir sekilde gostermektedir
[1,20,21,26]. Bununla birlikte, denemeler arasinda ayn! dozajda ortalama LDL-K
distiginde 6nemli degiskenlik gbrilebilir. Bu degiskenlik, digerlerinin yani sira,
tiiketim sikhif [51,52], {riin matrisi [53] ve tilketim zamanlamasindaki [54]
farkhliklara baglanmistir. Ayni ¢alisma rejimini takip eden aym galisma
popiilasyonundaki katihmcilar arasinda LDL-K diisiisiinde goriilen degiskenlik
aralift da ¢ok biyiktir [55-57]. Rideout ve arkadaslar, 56 hafif
hiperkolesterolemik katilimciya 4 hafta boyunca giinde 1,95 g bitki steroli
verdikten sonra LDL-K diigiirme yamtimin -40 ila+ %20 arasinda degistigini
bildirmigtir [55]. Bitki sterolii tiiketimine bireysel yamit vermedeki bu onemli
degigkenlik kismen degisken uyumdan kaynaklaniyer olabilir; ancak bitki sterolit
veya stanol titketiminin denetlendigi calismalarda uyum daha zayif bir faktérdiir.

Bitki sterolleri ve bitki stanollerine verilen yanitin, bireyler arasinda farklilik
gosteren  kolesterol metabolizmasinin  belirli  ozelliklerinden etkilendigi
gosterilmigtir. Fuentes ve arkadaslari, ailesel hiperkolesteralemili (AH) 30
katihmeida baslangicta kolesterol emiliminin bir belirteci olan plazma sitosterol-
kolestercl oramimin bitki sterol esterlerinin kolesterol diistirme potansiyelini
6ngordiifiinti gostermistir [58]. Daha yiksek sitosterol-kolesterol oranina sahip
bireylerde bitki steroli tiketimine yamit olarak LDL-K diististi artmistir. Casas-
Agustench ve arkadaslari da hiperkolesterolemik bireylerde bitki sterolii
miidahalesine yamt olarak yiiksek kolesterol emilimi ve artan LDL-K diigiigti
arasinda aym iligkiyi gostermistir [59]. Kolesteroliin bir énciisii ve kolesterol
sentezinin bir vekil belirteci olan diigitk serum lathosterolii, baslangicta LDL-K
digiiginiin artmasiyla iligkilendirilmistir [60]. Ayrica, daha yiiksek kolesterol
sentezinin géstergesi olan daha yiiksek serum lathosterol konsantrasyonlarina
sahip bireyler, diisiik bazal lathosterol konsantrasyonlarina sahip olanlara gore
daha ditglik LDL-K diisiisii gostermistir. Thuluva ve arkadaglari, genel kolestero]
metabolizmasini yansitacak olan lathosteroliin kampesterole plazma oraninin bitki
stanolii tiiketimine yamt &ngordiigiini gostermigtir [61)], Daha fazla kolesterol
sentezi ve daha digiik emilim oldufunu digiindiiren daha yiiksek lathosterol /
kampesterol oranina sahip bireylerde, bitki stanolii tiiketimini takiben kolesterolii
diigiirme derecesinde azalma goriilmiistiir.
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Kolesterol metabolizmasinin kolesterol digi sterol vekillerini kullanan bu bulgular,
dogrudan kararl izotop élgiimlerini kullanan sonuglar desteklemektedir, Rideout
ve arkadaslari, kolesterol sentezinin dogrudan bir 6lglisi olarak déteryum
birlesmesini kullanan 3 caligmanin retrospektif bir klinik analizinde, bitkisel sterol
miidahalesine yamt verenlerin, >%5 LDL-K azalmas: olanlarin, LDL-K'de <%5
azalma olan bireylere gore onemli Glgiide daha diigiik fraksiyonel kolesterol
sentezine (FSR) sahip oldugunu géstermistir [62].

Ne yazik ki, bitki sterold veya stanol tiketimine yanit verme agisindan dozun
etkisi hentiz degerlendirilmemistir. Tipik 2-3 g doz arah@nin kullanildign
calismalarda daha az yanit veren bireyler daha yiiksek bir doza yanit verebilir. Bitki
sterolii ve stanol yaniti fenotipi, optimum kolesterol disirlcii etki igin gereken
bitki sterolleri ve bitki stanollerinin bir egigini temsil edebilir. Kolesterol diisiirme
esik dozundaki bu potansiyel degiskenlik, daha yitksek dozda bitki sterolleri ve bitki
stanolleri lle yapilan ¢alismalarda daha fazla bireyin yanit verdigi ve daha biyiik bir
ortalama kolesterol diigiisiiniin saglandifi meta-analizlerde [21,26] gorilen doz-
cevap degiskenliginin biyiik kismindan sorumlu olabilir,

Rudkowska ve arkadaglari, bitki sterolii veya plasebo tiriinlerinin gézetim
altinda tiiketildigi coklu bitki sterolii tedavi agamalarina sahip gapraz bir calismada,
bitki steroli tiiketimine verilen yamitin kapsaminin katiimcilar arasinda
tekrarlanabilir  oldugunu gdstermigtir [56]. Bitki steroli yamtimn bu
tekrarlanabilirligi, denetimli diyet tiketimi olmayan denemelerde de goriilmiistir
[59]. Aymi bireyde tekrarlanan bitki steroli alim rejimleri arasinda LDL-K
dististintin korelasyonu, yanitin genetik olarak etkilenebilecegini gostermektedir.
ABCGS5 ve GB, NPC1L1, APOA4, SR-BI, HMG-CoAR, CETP, APOE ve CYP7AL gibi
genlerdeki varyasyonlarin timi, bitki sterollerine ve bitki stanollerine verilen
kolesterol disiirlicii yamtin kapsamu ile iliskili olarak arastinlmistir [56,63-66],
Heniiz ¢ok az sayida galisma, bir gendeki tek niikleotid polimorfizmi (SNP) ile bitki
sterolii veya stanol tilketimine verilen serum LDL-K diigiriici yamt arasinda
anlaml ligkiler oldugunu géstermigtir. Zhao ve arkadaslari, 82 katilimcinin yer
aldi 4 haftalik randomize capraz calismada ABCGS T400K polimorfizminin yiiksek
bazal bitki sterol konsantrasyonlarina sahip bireylerde bitki sterol yamiti ile iligkili
oldugunu gostermistir [63]. Ancak, ABCGBdeki aym T400K polimorfizminin Plat ve
arkadaglari [64] tarafindan 112 katilimeiyla 8 haftalik bir paralel kol ¢alismasinda,
Rudkowska ve arkadaglan [56] tarafindan 26 katihimciyla 4 haftalik bir randomize
capraz geciste ve Gylling ve arkadaglan [66] tarafindan 282 katilimeiyla 1 yilhik bir
paralel kol galismasinda bitki steroli veya stanol yamiti ile iliskili olmadig
bulunmustur. De Castro-Oros ve arkadaslari [65] kolesterolden safra asidi
sentezinde hiz sinirlayict enzimi kodlayan CYP7A1 geninin promoter bélgesindeki
bir varyasyonun (-204A > C) bitki sterolii tiketimine yamtla iliskili oldugunu
gostermistir. Varyantin AA tagiyicilart ile kargilagtirnldiginda, C tasiyicilar bitki
steroldi titketimine yanit olarak LDL-K'de (0,13’ kars: 0,43 mmol/L) dnemli olglide
daha yitksek azalma gstermistir. C varyant HepG2 hiicrelerinde CYP7A1
ekspresyonunda %78'lik bir artis ile iligkilendirilmistir, C varyantinin safra asidi
havuzunun boyutunu arttirdifi ve bunun da bagirsak limeninde misel olusturma
kapasitesini arttirarak kolesterol emilimini arttirdigt varsayilmistir [65].

Yamiti genetifin belirlemesi durumunda, tek bir SNP'nin bitki sterolii veya
stanol titketimine beslenmeye bagli yanit verme agisindan kesin bir etkiye sahip
olmasi olasi degildir, Varyans: agiklamak icin birlikte ele alinan birkag gendeki
polimorfizmlere ihtiyag duyulabilir.

51  Sonug

Bitki sterol ve bitki stanollerinin yiiksek emilim, diigiik kolesterol sentezi
fenotipine sahip bireylerde daha yiiksek etkinlige sahip oldugunu gésteren kanitlar
vardir.

Bitkisel sterol ve bitkisel stanol titketimine verilen kolesterol diigiiriici yamt,
yalmzca birkag alismada genetik varyantlarla iligkilendirilmigtir. Genetigin,
katihmellar arasinda LDL-K diigiiginde gozlemlenen heterojenligi etkileme
derecesine henliz tam olarak erigilmemistir.

52, Tavsiye

Dozun bitki sterollerine ve bitki stanollerine yamt verme lizerindeki etkisini
degerlendiren klinik calismalar yapilmal, dzellikle daha énce diisiik dozlara yanit
vermemis bireylerde daha yiiksek bitki sterolii veya stanol dozlarina bakilmalidir.

Yanitla iligkili SNP’leri belirleme potansiyelini artirmak igin bitki sterolii veya
stanolii yamit fenotiplerinin halihazirda belirlenmis cldugu kombine ¢alisma
popiilasyonlarinda genetigi inceleyen is birligine dayali ¢ok merkezli retrospektif
klinik analizler yapilmalidir. Bu baglamda, gen iliskilerini post-hoc yerine a priori
olarak degerlendirmek icin, ilgilenilen genotipler veya fenotipler igin prospektif ise
alim denemeleri de yapiimahidir. Gen dizileri ve nihayetinde ekzom veya tiim genom
dizilimi dahil olmak tlizere gelismekte olan teknolojilerin kullanimi, genetigin bitki
sterollerine ve bitki stanollerine yanit iizerindeki gergek etkisini aydinlatmanin
anahtar olacakur, Genetik galismalarin sonuglart biiyik 8lgiide klinik fenotipin
tanimina baghdir; bu nedenle, yamti dogru bir sekilde tanimlamak icin dikkatli
olunmalidir. Tekrarlanan bitki sterolii veya stanol tiiketim asamalan ve/veya
tiketimin denetlendigi ¢apraz calismalar, yamit vermeme fenotipine katkida
bulunan uyumsuzluk potansiyelini en aza indirmede kritik 6neme sahiptir.

6, Etkililikile ilgili formiilasyon ve matrisleme serunlar:

Baglangicta esterlestirilmis bitki sterolii ve stanol iiriinlerinin maksimum
etkinligi icin yag varhfimin gerekli oldugu digiiniilse de, digiik yagh ve yagsiz
gidalar, swv1 veya kati gidalar ve serbest veya esterlestirilmis bitki sterolleri veya
bitki stanolleri ile yapilan sonraki ¢aligmalar LDL-K {izerinde benzer etkiler
gostermistir. Demonty ve ark. meta-analizi [21] de bu gézlemi dogrulamistir. Buna
ek olarak, bir dizi calisma bitki sterolit ve bitki stanolil tablet ve kapsiillerinin, bitki
sterolii veya bitki stanolii eklenmis gidalarla elde edilebilene benzer bir LDL-K
diigiirticii etki gosterdigini ortaya keymustur [67,68].

Bitki sterollerinin veya mikrokristalin yapiya sahip sterollerin hazirlanmast icin
birgok protokol mevcuttur, ancak literatiirde kristal boyutu ile kolesterol digiiriicii
etkinlik arasindaki iliskiyi agiklayan herhangi bir veri bulunmamaktadir. LDL-K
diigiiriicii etkinin bulunmadifi ¢alismalar yayinlanmistir [69,70] ve bu etki
eksikliginin, kullanilan preparatlarda karigik misellere dahil olmak icin rekabet
edemeyen kristalin sterollerin olusumundan kaynaklanmis olabilecegi tahmin
edilmektedir. Eger dogruysa, bu durum stercllerin ve stanoliin midede baslayp GI
kanalinin en iist kisminda devam eden karisik misellere dahil edilebilmesi igin
gerekli oldugunu géstermektedir [68].

Bitki sterolleri ve bitki stanollerinin LDL-K dagiiricti etkinligini
degerlendirirken matrislerin yani sira alimin zamanlamas: ve sikhig da 6nemlidir,
Tim kanitlar olmasa da bazi kanitlar, giinde bir kez titketilen bitki sterolleri ve bitki
stanollerinin aksine birden fazla zaman noktasinda [21] tiketilen bitki sterolleri ve
bitki stanollerinin etkinliginin arttifina Isaret etmektedir [51,52]. Glinde bir kez
tiiketildiginde, bitki steroli veya stanol tiketiminin zamanlamasi etkinligin
belirlenmesinde énemli olabilir. Goriintise gére bitki sterolleri ve bitki stanolleri
yemek sirasinda veya sonrasinda, tercihen safra akiginin tetiklendigi gle veya
aksam yemegi gibl daha biyik bir dgiinde titketilmelidir [20]. Bitki sterollerinin ve
bitki stanollerinin yemekle birlikte titketlimesi, ornegin siriilebilic trinler ve
icecekler gibi bazi matrisler icin daha 6nemlidir, clinkii 6rnegin siirilebilir
driinlerin titketiml igeceklere kiyasla yemeklerle daha gok ayni zamana denk
gelmektedir,
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Bitki sterolleri ve stanolleri tipik olarak yag asitlerine esterlestirilmis sterol
veya serbest sterol olarak gidalara veya igeceklere eklenir. Demonty ve arkadaslari
[21] tarafindan yukarida bahsedilen meta-analizde, serbest bitki sterolleri ve bitki
stanolleri ile bunlarin esterlestirilmis formlan arasinda LDL-K dtgtirticti etkinlik
acisindan bir fark olmadifii sonucuna varilmgtir. Esterlestirme igin kullanilan
gergek yag asidine gok az dikkat edilmistir, hamsterlerde yapilan en az bir galisma
stearatin daha yaygin olarak kullanilan linoleat veya oleattan daha istiin oldugunu
gostermektedir [71] ve giinde {i¢ kez 1 g ile %11 LDL-K diisiirme elde edilen sterol
stearatlarin insanlarda da etkili oldugu gosterilmigtir [60], ancak bu etki sterollerin
doymamsg yag asidi esterleri ile yapilan diger galigmalarda goriilenden daha biiylk
olglide degildir. Sterol ve stanol esterlerinin ¢ogu ince bagirsakta etkili bir sekilde
hidrolize edilmesine ragmen [72], farkl steroller [73,74] ve farkli esterler [73]
arasinda hidroliz oranlarinda bir fark olabilir. Ancak, gézlemlenen bu farkhliklarin
klinik olarak anlamli olup olmadif heniiz bilinmemektedir. Hidrolize edilmemis
sterol esterlerinin aktif olup olmadig1 net degildir ancak Rasmussen bunu olasihk
olarak one slirmigtir [71]. Serbest bitki sterolleri ve bitki stanolleri, karisik
misellere daha fazla katilma kabiliyetine sahip olabilir ve bu nedenle, érnegin alt
kristal formiilasyonlar veya lesitin igine dahil etme gibi emiilsifiye bir
formiilasyonla partikiil boyutu azaltldiginda daha fazla kolesterol disiiriici
etkinlige sahip olabilir [68,75].

4 tip konjugata sahip 200’den fazla farkh bitki sterol tiirii mevecuttur; 33-OH
grubu bir yag asidine veya bir hidroksisinnamik aside (6rnegin piringten elde edilen
ferulik asit gama orizanol) esterlestirilir veya bir heksoz (genellikle glukoz) veya bir
6-yag-acil heksoz ile glikozile edilir. Piring kepegi yagy, bitki stercllerinin karmasik
bir karisimina sahiptir ve piring kepegi yag kullanilarak yapilan caligmalarin ¢ogu,
yag desmetil steroller (6rnegin sitosterol ve kampesterol ferulat) bakimindan
zengin oldufunda LDL-K konsantrasyonlarinda [76,77] azalma gosterirken
dimetilsterollerin (sitoartenol) etkisi yoktur [78].

Moreau ve arkadaslar, musir lifi yafi ve piring kepefi yafindaki
hidroksisinnamat (ferulik asit) sterol esterleri de dahil olmak iizere yaygin bitki
sterol konjugatlarimin hidroliz derecesini degerlendirmis ve bu bilesiklerin
kolesterol esteraz tarafindan pargalandifi sonucuna varmistir [79]. Bununla
birlikte, bitki sterol konjugatlarinin boliinmesine iliskin ek bilgiler daha fazla
aragtirmay1 hak etmektedir. Matrisler ve formiilasyonlarla ilgili olarak FDA, bitki
sterolli ve bitki stanclii eklenmis gidalarin esterlestirilmis ve serbest formlar igin
saghk beyanlarina sahip olmalarina izin verildigini, bitki sterolii ve bitki stanolii
takviyelerinin ise yalmzca esterlestirilmis formda olmalari halinde saglik
beyanlarim kullanmalarina izin verildigini belirtmistir [80].

61 Sonug

Serbest bitkl sterolii tiirleri ve ester formlan arasinda potansiyel farkliiklar
olmasina ragmen, shea findigindan elde edilen triterpen alkoller gibl etkisiz olan 4,4
dimetilsteroller [78] disinda LDL-K ditsirmede belirgin klinik farkliiklar yoktur
[81]. Bitki sterolli ve bitki stanolii formiilasyonlarinin yiiksek yagh, disik yagh ve
yagsiz gidalarin yani sira hem sivi hem de kati gida formatlarinda etkill oldugu
gosterilmistir. Bununla birlikte, goreceli kolesterol diigtirme etkinligi ilgili olarak
farkli formatlari kargilastiran cok az sayida birebir ¢galisma vardir,

62 Tavsiye

Bitki sterolii ve stanol eklenmis gida ve takviyelerin LDL-K dilgiirme kabiliyeti
tizerindeki tam etkisini aydinlatmak i¢in bitki sterolii veya stanol gida formatlari ve
matrislerinin daha fazla birebir kargilagtirilmasina ihtiyag vardir. Serbest bitki
sterolli veya stanol preparatlarimin partikiil boyutu heniiz tam olarak arastirilmamig
bir konudur,

Gida formiilasyonu ve matrisleme, iiriiniin bitki steroliinii veya bitki stanoliinii
karisik misellere dahil edilebilecegi ve kolesteroli diigtirebilecegi bir formatta GI
yolunun (ist kismina iletme yetenegini en (st diizeye ¢ikaracak sekilde yapilmalidir.

Bu nedenle, gelecekteki tiim bilimsel yayinlarda, formiilasyondaki farkhliklarin
incelenen bitki sterolii veya stanol preparatimin giiclinli nasil degistirebilecegini
belirlemek igin formiilasyonla ilgili ayrintih bilgilerin (sterol kaynag ve tiiri,
emiilgatdrlerin kullanimi ve partikill boyutu) saglanmasi 6nemlidir.

7. Bitki sterolleri ve bitki stanollerinin lipid metabolizmasini
iyilestirmenin étesindeki etkileri

71 Alzheimer hastaligi

ApoE4’lin Alzheimer hastalift ve biligsel gerilemedeki agik rolii nedeniyle,
kolesterol metabolizmasindaki bozukluklarin (ailesel hiperkolesterolemi dahil)
hastaligin patogeneziyle iligkili oldugu &ne siirilmastiir [82,83]. Bununla birlikte,
agin yiiksek plazma bitki sterol konsantrasyonlari ile karakterize nadir bir genetik
bozukluk olan fitosterolemiye sahip kisilerde, biligsel islev ve fitosterolemiyi
inceleyen resmi bir caligma yapilmamig olmasina ragmen, biligsel gerileme oraninda
bir artis goériilmemektedir. Normal bir chow diyetiyle beslenen ABCGS-/-
fitosterolemik fare modelinde, serum ve beyin bitki sterol konsantrasyonlarinin
sirasiyla 35-70 kat ve 5-12 kat arttif gosterilmistir [84]. Ancak, bitki sterollerindeki
bu artisa ve hipokampiiste desmosterol ve 24(S)-OH-kolesteroldeki azalmaya
ragmen, ABCG5-/- ve vahsi tip fareler arasinda hafiza fonksiyonu, anksiyete veya
ruh hali ile ilgili davramslar agisindan higbir fark bulunmamustir [84]. insanlarda,
uzun siireli bitki sterolii ve bitki stanoli titketiminin norebiligsel iglevler Gizerindeki
etkisi de arasgtinilmistir [85]. 85 hafta boyunca 2,5 g/giin bitki sterolii veya bitki
stanolil tiiketen katilimcilara miidahaleden énce ve sonra biligsel degerlendirme
yapilmigtir. Serum konsantrasyonlarinda énemli bir artis olmasina ragmen, ne bitki
sterolli ne de bitki stanoll alimi, ABCGS5-/- farelerindeki verilere benzer gekilde
hafiza fonksiyonunu igeren biligsel performansi etkilememigtir, Bir bagka insan
¢aligmasinda 67 AD hastasi ile yag ve cinsiyet agisindan eglestirilmis 29 kontrol
grubu arasinda beyin omurilik sivis1 (BOS) ve plazma bitki sterol konsantrasyonlan
karsilastirilmistir [86]. Bu galisma, AD’li hastalarin kontrol katilimcilarina kiyasla
BOS brassicasterol konsantrasyonlarinda azalma oldugunu gostermigtir, Diger bitki
sterollerinde herhangi bir farklilik bulunmamistir,

72. Kanser

Bitki sterollerinin ve bitki stanollerinin kanser tizerindeki potansiyel etkileri,
dzellikle de bitki sterollerinin oksidatif stresi azaltma ve/veya apoptozu artirma
potansiyeli aragtinlmaktadir [87]. Yeni tam konmus 463 primer akcifer kanseri
hastasi ve 465 hastanede yatan kontrol grubunda yapilan bir ¢alisma, bitki sterolleri
eklenmemis gidalardan bitki sterol tilketiminin akciger kanseri riskinde azalma ile
iligkili oldugunu gdstermistir [88]. Aym grup tarafindan bitki sterold aliminin mide
kanseri ile negatif iligkili oldugu gosterilirken [89], daha diigiik alimlara kiyasla daha
yiksek stigmasterol alimlarinda yumurtallk kanseri gelisme riskinin azaldif
bildirilmistir [90]. Ote yandan, Normen ve arkadaslari, Hollanda'da yapilan bir kchort
calismasinda bitki sterolleri ve bitki stanollerinin beslenme yoluyla yiiksek miktarda
alimi ile kolon veya rektum kanseri riski arasinda herhangi bir iliski ortaya
koyamamigstir [91],

Bitki sterollerinin olasi anti-kanserojenik etkisi, tiimor biiylimesinin ve timér
metastazinin engellenmesinin yani sira hiicresel apoptozun tegvik edilmesi de dahil
olmak tizere ¢oklu etki mekanizmalariyla agiklanabilir [87].
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In vitro bitki sterolleri fizyolojik konsantrasyonlarda kolon kanseri hiicrelerinin
[92], meme kanseri hiicrelerinin [93] ve prostat kanseri hiicrelerinin [94]
bliytimesini inhibe eder. Buna ek olarak, bitki steroli ile muamele edilmis meme
kanseri hiicreleri, metastatik kabiliyetin azaldigini distindiiren azalmis invazivlik
gostermistir [95]. Dahasi, Awad ve arkadaslari bitki sterollerinin agir kombine
immiin yetmezlik (SCID)-fare modelinde yetistirilen insan meme ve prostat kanseri
hiicre hatlarinda tlimdr biylimesini engelledigini ve timor metastazinl azalttigim
gostererek bu bulgulart in vivo olarak tekrarlamigtir [96,97]. Hiicre buytimesi ve
metastaz iizerindeki bu etkilerin yani sira, bitki sterollerinin kanser hiicre
hatlarinda apoptozu indilikledifi gosterilmistir ki bu da karsinogenezin
inhibisyonunda énemli bir mekanizmadir [98].

73, Sonug

Dolayisiyla, hem hayvan hem de insan verileri, beyin bitki sterol seviyeleri ile
biligsel islev arasinda bir iligki olmadifini gosterme konusunda tutarhdir. Su anda
bitki sterollerinin kanseri énlemedeki faydasini dogrulayan net kanitlar
bulunmamaktadir,

74 Tavsive

Bitki steroll iceren gidalarin kanser tizerindeki potansiyel faydasi, bu gidalarin
Avrupa Kanser ve Beslenme lleriye Donitk Arastirmas: (EPIC) gibi devam eden
kanser kohortlannda kullamiminin incelenmesiyle agikliia kavusturulabilir, ancak
bu veriler heniiz toplanmamig veya yayinlanmamistir,

8. Bitki sterolleri ve ateroskleroz

Bitki sterolleri diyette dogal olarak bulunur ve tipik Bati diyetlerinde 0,2-0,4
g/glin arah@inda tiiketilir [14]. Bazi vejetaryen diyetlerde 0,7 g/giin [99] atalarin
diyetlerinin analizi, insanlarin 1 g/giin kadar bitkl sterolii titketmis olabilecegini
gbstermektedir [100]. Bitki sterolleri veya bitki stanolleri eklenmis gidalar:
tiiketmeyen saghkl yetiskinlerde serum bitki sterold 3,8 ila 27,9 uM arasinda
degisirken [15], plazma bitki stanol konsantrasyonlar: normal popiilasyonda 0,05
ila 0,3 puM arasinda degismektedir [16]. Kolesterolii diigirmek igin 6nerilen tipik
gilinlik bitki sterolleri ve bitki stanolleri alimi 2 g/giin olup, bu miktara bitki
sterolleri veya bitki stanolleri eklenmis gidalarin tiketimi olmadan ulagilamaz.
Normal diyetlerle tiiketilmesi miimkiin olam asan bitki sterolii alimimin bir
beslenme miidahalesinden ziyade farmakolojik bir takviyeye yaklagtifina dair
endigeler dile getirilmistir. Bu nedenle, artan bitki steroli alimimin ve ardindan
artan serum bitki sterolii konsantrasyonlarinin givenligi hala hararetle
tartisiimaktadir [101-103]. Geleneksel bitki steroldi ilaveli margarin tiiketimi
sirasinda, serum bitki sterolii konsantrasyonlarinin 19'dan 30 pM'ye yiikseldigi ve
serum bitki stanolii degerlerinde herhangi bir degisiklik olmadi), buna karsin
geleneksel olarak kullamlan bitki stanolii ilaveli margarin sirasinda serum bitki
stanolii konsantrasyonlarimn 0,2'den 0,7 uM'ye yiikseldigi, ancak serum bitki
sterollerinin %16-23 oraninda azaldigi gosterilmistir [104].

Kandaki yiiksek bitki sterol konsantrasyonlarina iliskin giivenlik endigeleri,
emilen bitki sterollerinin ve bitki stanollerinin kan ve dokulardan etkili bir sekilde
temizlenememesine neden olan nadir bir otozomal resesif genetik bozukluk olan
fitosterolaemiden muzdarip hastalarda gozlemlenen ozelliklerden
kaynaklanmaktadir [105]. Bu yetersizlik, dolasimdaki ve dokudaki bitki sterol
konsantrasyonlarinin normalin 10-25 kat tzerine gikarak 0,2-1,6 pM’ye kadar
yiikselmesine neden olur [105]. Fitosterolemiklerde serum bitki stanol seviyeleri de
yikselir [106]. Bununla birlikte, bitki sterolii eklenmis gidalarin tiiketimi sirasinda
dolasimdaki bitki sterolii konsantrasyonlari 19-30 pM araligindadir [104] ve
fitosterolemiden ok daha digiiktiir. Fitosterolemi, sterollerin bagirsaklardan ve
karacigerden sirasiyla liimene ve safraya aktarilmasindan sorumlu olan ABGCS veya
ABGCS genlerindeki mutasyonlarla iligkilendirilmigtir [107].

Fitosterolemikler siklikla ksantelazma ve/veya tendon ksantomlar geligtirebilir ve
erken malign ateroskleroz yasayabilir [108]. Fitosterolemisi olan bireylerde hafif
yiiksek kolesterol konsantrasyonlar: da goriilebilir [14], Fitosterolemide KVH riski
ciddidir ¢linkli miyokard enfarktiisii ve oliim 3 yasindan kiigilik bireylerde
fitosterolemiye baglanmistir [67].

Normelipidemik bireylerde serum bitki sterol konsantrasyonlari énemli &lgiide
degisiklik gosterir ve yiiksek oranda kalitsaldir [109,110]. Dolasimdaki yiiksek bitki
sterol konsantrasyonlari ve fitosterolemide gériilen erken KKH ve 6liim, normal
arahktaki bitki sterol konsantrasyonlar: ile KKH riski arasindaki iligkinin
arastirilmasina yol agmustir, Bu ¢aligmalar yakin zamanda Baumgartner ve
arkadaglari tarafindan 6zetlenmis ve prospektif kohort ¢alismalar ve vaka kontrol
calismalan gibi farkli ¢aligma tasarimlarn kategorilerine aynlmigtir [111]. Kisaca,
Glueck ve arkadaglani [112] normal arahktaki ylksek bitki sterol
konsantrasyonlarinin artmig KKH riski ile iligkili olabilecegini &ne siiren ilk
kigilerdir, Bu &neri, kolesterol konsantrasyonlari ile pozitif korelasyon gosteren
kampesterol ve toplam bitki sterol konsantrasyonlarina ve 3472
hiperkolesterolemik hastanin en iist begte birlik dilimindeki ytiksek kampesteroliin
artmug kisisel veya ailesel KKH ile iliskili clmasina dayanmaktadir. Yiksek bitki
sterol konsantrasyonlar: ile aterogenez arasindaki bu baglanti 0 zamandan beri
Sutherland ve arkadaglari [113], Rajaratman ve arkadaslari [114], Sudhop ve
arkadaglar [115], Assmann ve arkadaglar [116], Matthan ve arkadaglan [117],
Silbernagel ve arkadaglar: [118,119] ve Weingartner ve arkadaslar [120] tarafindan
KKH riski veya mortaliteye erigmek igin gegitli ydntemler kullanan gesiti
calismalarda desteklenmistir, Ancak, tim calismalar dolasimdaki bitki sterol
seviyeleri ile KKH riski arasinda bir iligki oldugunu gdstermemigtir, Wilund ve
arkadaglar [121], Pinedo ve arkadaslar [122], Windler ve arkadaglar1 [123] ve
Miettinen ve arkadaglar [124] bitki sterol konsantrasyonlarn ile KVH veya KVH riski
arasinda bir iligki tespit edememistir, Fassbender ve arkadaglar1 [125], Strandberg
ve arkadaglar1 [126], Escurriol ve arkadaslar: [127] ve Weingartner ve arkadaslari
[128], daha yiiksek bitki sterol konsantrasyonlari ile ateroprotektif iliskiler
oldugunu one siiren veriler bildirmigtir. Bugiine kadar elde edilen karigik veriler,
normal araliktaki dolasimdaki serum bitki sterol konsantrasyonlar: ile
kardiyovaskiiler hastalik gelisimi arasinda net bir baglant1 saglamamaktadir, Ayrica,
Genser ve arkadaslar1 [129] serum bitki sterolleri ile kardiyovaskiiler risk
arasindaki iliskiyi inceleyen bir meta analiz gergeklestirmistir. Bu amagla, 11,182
katihmeiyr igeren ve bitki sterol konsantrasyonlarina bagh olarak KVH risk
oranlarim (RR) (8 ¢aligma) veya KVH vakalari ile kontroller arasindaki bitki sterol
konsantrasyonlarindaki standardize ortalama farklar1 (15 ¢aligma) bildiren 17
¢alisma tespit edilmistir. Meta-analiz, bitki sterollerinin serum konsantrasyonlar ile
KVH riski arasinda bir iliski olduguna dair higbir kamt sunmamaktadir [129]. ilging
bir sekilde, her bir tertildeki ortalama serum bitki sterol konsantrasyonlarindaki
farklilik kargilastirildiginda, serum bitki sterol konsantrasyonlarinda en az iig kathk
bir aralikta KVH riski ile bir iliski olmadig sonucuna varilabilir, Bitki sterold
eklenmig gidalarin tliketimi sirasinda serum bitki sterolii konsantrasyonlarinin en
fazla iki katina ciktif1 gergegi goz 6niine alindifinda bu 6nemli bir gozlemdir.

Serum bitki sterol konsantrasyonlar ile KVH riski arasindaki potansiyel iliski
Mendelian randomizasyonu kullanlarak da arastirilmigtir. Genom ¢apinda bir
iligkilendirme ¢alismasi, serum kolesterol seviyesinden bagimsiz olarak serum
kampesterol, sitosterol ve brassicasterol konsantrasyonlar: ile dnemli dlgiide iligkili
olan ABCGB8'de 2 SNP ve ABO’da 1 SNP tammlarmigtir [130].
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ABCG8'deki SNP rs41360247 azalmig bitki sterol konsantrasyonlar ve kolesterol
oranlari ile iligkilendirilirken, ABCG8'deki SNP rs4245791 ve ABQ'daki rs657152
artmug bitki sterol konsantrasyonlari ve kolesterol oranlari ile iligkilendirilmigtir. Bu
SNP'ler daha sonra 13.764 vaka ve 13.630 kontrol grubunda koroner arter hastalig
(KAH) ile iligkilendirilmigtir. SNP'ler, bitki sterol seviyeleri ile oldugu gibi KAH ile de
benzer bir iliski gostermistir; ABCG8'deki rs41360247 azalmis KAH olasihi ile
iligkiliyken, ABCGB'deki rs4245791 ve ABO'daki rs657152 SNP'leri artrmis KAH
olasihigy ile iligkilidi. Bu Mendelian randomizasyon calismasi, kampesterol
diizeyleri ile KAH riski arasinda potansiyel bir iliski oldugunu gdstermektedir.
Ancak, serum bitki sterol konsantrasyonlan ile KVH riski arasindaki potansiyel
iligkinin epifenomenal olabilecegi de goz oniinde bulundurulmahdir. Bitki sterol
konsantrasyonlari kolesterol emilim seviyelerini yansitir [131], bu nedenle KAH
riskiyle iligkili olan bitki sterollerinin aterojenik rolii degil, kolesterol emiliminin
artmasi olabilir [119]. Bu diiglince, KVH ve bitki sterolleri arasinda gorilen
iligkilerin, kolesterol emilimini yansitan bitki kékenli olmayan bir kelesterol tiirevi
olan kolestanol [117,118] ile de gériilmesi ile desteklenmektedir [117,119]. Ne
yazik ki Teupser ve arkadaslarimn makalesinde serum kolestanol
konsantrasyonlari, kampesterol icin yapildig: gibi KVH riskiyle ilgili olarak ABCGS,
ABCGB ve ABO'da yukanda belirtilen SNP'lerle iligkili olarak aragtirlmamistir. Bu
bilgi, varsayilan aterojenik bitki sterolii etkisinin gercelten kolesterol emilimindeki
farkhihklarla iliskili olup olmadigimn degerlendirilmesine yardime olabilirdi.
Ayrica, epidemiyolojik ve Mendelian randomizasyon ¢aligmalarinda bitki
sterollerinin dogal dolasim seviyeleri ve KVH ile ilgili verilerin bitki sterold
takviyesinin etkisini tam olarak yansitmayabilecegi, ¢linkii bu galigmalardaki bitki
sterolii seviyelerinin artan bitki steroli tiiketiminden ziyade fizyolojik ve genetik
faktorler nedeniyle yiikseldigi kabul edilmelidir [15,109,130].

Bitki sterolii takviyesinin aterogenez iizerindeki etkilerini arastirmak igin
hayvan medelleri kullamlmig ve karngik sonuglar elde edilmistir [132-138].
Weingartner ve arkadaglar [132] ApoE (-/-) farelerde bati diyetine (WD) veya
normal chow diyetine (NC) ek olarak bitki sterolii (PS) ve/veya ezetimibe (EZE)
takviyesinin etkilerini incelemiglerdir.
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WD ile karsilagtinldigainda, WD+ PS, WD + EZE ve WD + PS + EZE aterosklerotik
lezyon olusumunu azaltmistir, ancak etki ezetimibe ile PS'den daha biiyiik olmustur.
Benzer sonuglar NC'nin ustiinde de gérilmistir. Bununla birlikte, benzer kolesterol
kensantrasyonlarina sahip 3 grupta (NC, WTD + PS ve WTD + EZE) sitosterol ve
kampesterol konsantrasyonlar: aterosklerotik lezyon olugsumuyla gigli bir
korelasyon gdstermistir. Bu calismada takviye edilen bitki sterold seviyesi
beslenmenin %2'sidir (a/a), bu da glinde yaklagik 200 g bitki steroliiniin insan
egdegeri veya insanlarda tipik olarak tiketilen ek dozun 100 kat anlamina gelir.
Bununla birlikte, simdiye kadar yapilan tiim hayvan gahgmalarinda, insanlarda
goriilen diyet kolesterol alimina kiyasla bir oram yansittig igin bu yliksek arahktaki
dozajlarin  kullamldigr fark edilmelidir, Bu son derece yiksek takviye
konsantrasyonlarinda bile, bitki sterollerinin serum kolesterol konsantrasyonlarimi
azalthg ve aterosklerotik plak gelisimini baskiladify bulunmugtur, Plat ve
arkadaglar [133], halihazirda atorvastatin tedavisi goren (LDL-R+ /-) farelere bitki
stanolii veya bitki sterolleri eklenmesini aragtirmigtir. Atorvastatin tedavisine bitki
sterolleri veya bitki stanollerinin eklenmesi plazma kolesterel konsantrasyonlarini
sirasiyla %39 ve %41 oraninda azaltmistir. Bitki sterolii/kolesterol oranlan sterol
tedavisi sirasinda stanol tedavisine kiyasla 4 ila 11 kat artmigtir. Bununla birlikte,
lezyon boyutu sterel (kontrole kiyasla -%99) ve stanol (kontrole kiyasla -%98)
gruplaninda, kargilagtirlabilir kolesterol diigtislerinde ve maksimum farkl serum
bitki sterolii degigikliklerinde benzer gekilde azalmigtir, bu da artan serum bitki
sterolii  konsantrasyonlarimin  aterojenik olmadigimi  disiindiirmektedir. Bu
calismada bitki sterolleri ve bitki stanolleri beslenmenin %1'i (a/a) oraninda veya
tipik insan takviye dozundan yaklastk 50 kat ytliksek oranda takviye edilmistir.
Henliz hicbir galigma bitki sterolii ve bitki stanolii tiiketiminin insanlarda
KVH'nin birincil ve ikincil énlenmesi igin klinik olarak ilgili zor son noktalar
tzerindeki etkilerini incelememistir. Bu nedenle, bitki sterollerinin ve bitki
stanollerinin anti-aterojenik &zelliklerinin veya bitki sterollerinin veya bitki
stanellerinin pro-aterojenik ozelliklerinin gercek karakterizasyonlar: hala serum
kolesterol konsantrasyonundaki degisiklikler gibi risk faktérii azaltimi veya
aterosklerozun vekil belirteclerindeki degisikliklerin degerlendirilmesi ile sinirhidir,
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Yedi ¢alismada bitki sterollerinin veya bitki stanollerinin intima-medya kalinhigy,
akim aracili dilatasyon (FMD) ve/veya arteriyel sertlik gibi tasiyic1 belirtegler
iizerindeki etkisi incelenmigtir [67,139-143]. Calismalarin cofunda arteriyel
saplikta dnemli bir iyilesme gosterilememistir, ancak bir ¢alismada iki y1l boyunca
bitki stanol esteri titketimi karotis arter uyumlulugunda faydali degigikliklerle
iligkilendirilmigtir [143] ve bagka bir ¢alismada karotis arter uyumlulugu ve akis
aracili dilatasyon, baslangigta ilgili degerleri distk olan deneklerde iyilesmigtir
[142]. FMD kullanan 6 ¢aligmanin sonuglari $ekil 1, panel A'da birlestirilmigtir.
Genel olarak, bitki sterolii ve stanol tiiketimi, LDL-K konsantrasyonlarindaki dnemli
diistislere ragmen FMD'yi dnemli 6lglide degistirmemistir. Bununla birlikte, Sekil 1,
panel B'de gbsterilen birlestirilmis analiz, hem bitki sterolleri hem de bitki
stanolleri ile yapilan calismalar igin bir iyilesme oldugunu gostermektedir. Tek tek
galismalarin her birinin FMD lizerinde énemli etkiler gistermek igin yeterli giice
sahip olmamasi muhtemeldir ve bu potansiyel etkilerin daha genis bir calisma
peptlasyonunda daha fazla aragtinilmas) gerekmektedir. Kelly ve arkadaslar: [144]
tarafindan statin kullananlarda kontrel margarinine kiyasla bitki sterolii ve bitki
stanolii margarinlerinin aragtirlldifi  bir ¢aligmada, tim tedavi gruplan
birlegtirildiginde 1,5 willik bir midahale dénemi boyunca fundusun
mikrosirkiilasyonundaki arteriyolar ve veniiler ¢aplardaki degisiklikler ile serum
kampesterol konsantrasyonlar: arasinda bir iligki gorilmigstiir. Bununla birlikte,
miidahalenin kendisinin, baglangic ve bitis noktasi arasinda veya margarin
tedavileri arasinda arteriollerin veya veniillerin gapinda 6nemli bir degisiklik
gostermedigi kabul edilmelidir.

8.2, Tavsiye

Mevcut kanitlar, bitki sterolleri ve bitki stanollerinin KVH riski yiiksek
bireylerde LDL-K'yi diisiirmek igin uygun bir segenek oldugunu desteklemektedir.

9. Genel tartigma ve son nokta ¢aligmalarina duyulan ihtiyag

Bitki sterold veya bitki stanolii miidahalesini kullanan son nokta ¢aligmalarina
ihtiyag oldugu tespit edilmistir. Hem bitki sterolleri hem de bitki stanolleri benzer
sekilde kolesterol konsantrasyonlarimi digiirtirken [1,20,21], bitki sterol
konsantrasyonlari lizerinde zit etkilere sahip oldugundan, ideal son nokta ¢alismast
bitki steroli ile bitki stanol tiketimini plasebo ile karsilastiracaktir [145]. Bir son
nokta galismast, bitkl steroli veya bitki stanolil tiiketimine yamt olarak gorilen
LDL-K konsantrasyonlarindaki dusiise kargi yiiksek bitki steroll veya bitki stanolt
konsantrasyenlarinin gercek etkisi i¢in kanit saglayacaktir. Kesin kanit saglamak
icin bir son nokta calismasinin gerekli oldugu desteklenirken, grup en iyl calisma
tasarimi ve en lyi son nokta belirteglerinin yani sira boyle bir ¢alismanun fizibilitesi
konusunda anlasmaya varamamigtr, Birincil veya [kincil énleme ¢alismasinin
kurulup kurulmayacag, calisma stiresi, calisma popiilasyonu biyuklagi ve uyumla
ilgili olarak gida tirinlerinin veya kapsiillerin kullanimi tartisilmistir. Bu konu
etrafinda bir takip tartismasi kesinlikle gereklidir. Bir son nokta ¢alismasi olmasa
bile, bitki sterolil ve bitkl stanoli Hiketimiyle LDL-K'nin diistiigiinti gosteren mevcut
klinik calisma kanitlaninin zenginligine dayanarak, KVH riski yiksek olan
hiperkolesterolemik bireylerde bitki sterolleri ve bitki stanollerinin kullanim tesvik
edilebilir,

Mutabakata varilan bitki sterol ve stancllerinin kull iliskin l

¥

3 g/gln’e kadar olan dozlarda bitki sterolleri ve bitki stanollerinin T2DM, MetS ve AH bireyleri de dahil olmak tizere ¢ok gesitli popillasyenlarda esit LDL-K diiglricd etkinlige sahip
oldugu gosterilmistir. Ginde yaklasik 2 g bitki sterolil veya bitki stanoldl alimiyla LDL-K'de ortalama yaklagik %1071uk bir azalma elde edilebilir,
Bitki sterol ve bitki stanol esterlerinin aghk trigliserit konsantrasyonlarini miitevazi bir sekilde distirmede bir rold vardir, ancak yemek sonrasi durumda TAG metabolizmas) tzerindeki

etkilerinin daha fazla aragunimasi gerekmektedir.

Serbest bitkl sterolll veya bitki stanoldl tirleri arasinda emtlgator kullanimi veya partikal bilytkliigi gibi potansiyel farkliliklar olmasina ragmen, serbest bitki steroileri ve bitki ile esterlestirilmis formlar

kargilagtinildiginda LDL-K distriict etkilerde belirgin klinik farkliliklar yoktur.

Bitki steroltl ve bitki stanold formilasyonlarinin yilksek yagh, disik yagh ve yagsiz gidalarin yam sira hem sivi hem de kati gida formatiarinda etkili oldugu gosterilmistir:

Her durumda, ancak ozellikle yag bazli olmayan gida iirtinler! kullanildiinda, eklenen sterol/stanol igeriginin formilasyonuna ve matrislenmesine dikkat edilmelidir.

Obez, T2DM veya MetS bireyler gibi belirll poptilasyonlarda kolesterol emilim etkinligini degerlendirmek igin vekil belirteglerin kullanilmasinin uygunlugu degerlendirilmelidir.
Gelecelteki bitki sterolt ve bitki stanoll galigmalan, etkinlik Gzerindeki etkisini degerlendirmel igin kullanilan bitkl sterol(i veya stanol karisiminin formiilasyonuna iliskin ayrinth bilgi

saglamalidir,

Bitki sterolleri ve bitki stanolleri ile ilgili gelecektekl ¢alismalar ve arastirma ihtiyaglar igin dneriler

Optimal LDL-K diigiirme etkinligine ulasmada potansiyel bir fark veya benzerligi degerlendirmek igin bir veya daha fazla yiksek doz (> 3 g/gtin) bitki sterolil veya bitki stanold alimlari

arasinda birebir kar§ilastirma ¢alismalarina thtlyag vardir.

Serum ve dokulardaki bitki sterol ve stanol konsantrasyonlarim dlemelk igin kullanilan gesitli analitik metodolojilerle ilgili standardizasyon ve gapraz karsilastinlabillrligin saglanmasi

gerekmelctedir,

Bitki sterollerinin ve bitki stanollerinin postprandiyal TAG metabolizmasindaki rolil belirsizdir ve arastmlmahdir.

Bitkd sterolii ve bitki stanolt dozunun etkileri, artan bitki sterolleri ve bitkd stanollerinin zayif yanit vermenin Gstesinden gelip gelemeyecegini aragtirmak igin tipik (2-3 g / giin) bitki
sterolleri veya bitki stanolleri dozlarina yanit vermeyen olarak nitelendirilen bireylerde degerlendiriimelidir.

Bitki sterolil ve bitki stanolt yamtindaki heterojenligin potansiyel genetik temelini aragtiran isbirlikel bir cok merkezli retrospektif klinik analiz yapiimal ve bitkl sterolil ve stanel tuketimine
yamitla iligkill SNP'leri tanimlama potansiyelini artirmak igin halihazirda tamamlanmig klinik ¢alismalardan elde edilen agin yanit veren ve vermeyen bireylerden elde edilen genetik verller bir

havuzda toplanmalidir,

Bitki sterolleri ve bitki stanollerinin Alzheimer hastalig ve kanser dahil diger hastaliklardaki potansiyel roline iliskin daha fazla arastirma yapilmasi gerekmektedir,

Bitki sterold veya bitki stanolti tiketimi yoluyla elde edilen LDL-K azalmasinin iglevselligini degerlendirmek i¢in tanimianmis klinik sonuglart kullanan bir son nokta galismasina ihtiyag
oldugu diistinalmustir. Boyle bir caligmanin en Iyl tasarimina, yani birincil veya ikinell énlemeye odaklanip odaklanmayacagina, 6l4m oranlari gibl zor bir son noktayi veya FMD gibl bir
vekil markéri degerlendirip degerlendirmeyecegine ve bir gida mi yoksa bir takviye mi kullanilacagina karar verilmesi gerekmektedir,

8.1, Sonug

Bitki sterollerinin potansiyel aterojenitesi hakkindaki tartisma goziilene kadar,
LDL-K dugtrtct etkinligini gosteren >200 klinik ¢alismanin sonuglarina
dayanilarak, bitki sterolii kullaniminin risk-fayda orani olumlu bulunmustur.
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Abundant evidence over past decades shows that foods with added plant sterols and plant stanols lower
serum LDL cholesterol concentrations. However, despite the overwhelming data, numerous scientific
questions still remain. The objective of this paper is to summarize the considerations of 60 academic and
industrial experts who participated in the scientific meeting in Maastricht, the Netherlands, on issues
related to the health effects of plant sterols and plant stanols.

The meeting participants discussed issues including efficacy profiling, heterogeneity in responsiveness,
effects beyond LDL-C lowering, and food formulation aspects of plant sterol and stanol consumption.
Furthermore, aspects related to the potential atherogenicity of elevated circulatory plant sterol
concentrations were discussed. Until the potential atherogenicity of plant sterols is resolved, based on
the results >200 clinical trials, the risk to benefit of plant sterol use is favorable. Evidence on these topics
in plant sterol and plant stanol research was presented and used to reach consensus where possible. It
was concluded that endpoint studies looking at plant sterol and plant stanol efficacy are needed,
however, there was no clear opinion on the best marker and best design for such a study. Based on the
current scientific evidence, plant sterols and plant stanols are recommended for use as dietary options to

lower serum cholesterol.

1. Introduction

The first expert meeting regarding the efficacy and safety of
plant sterols and plant stanols was held in Stresa, Italy in 2001. As
a result, a meta-analysis was published which included 41
placebo-controlled trials conducted with free plant sterols and
plant stanols and plant sterols and plant stanols in ester form [1].
Consensus was reached that an intake of 2 g/d of plant sterols or
plant stanols lowers serum low-density lipoprotein cholesterol
(LDL-C) concentrations up to 10%, with little additional benefit at
higher intakes. In the following years, several authoritative and
scientific organizations recommended or approved health claims
for the use of plant sterol-and plant stanol added products as
part of a healthy diet to lower serum LDL-C and consequently
cardiovascular disease (CVD) risk [2-8].

CVD remains the leading cause of morbidity and mortality
worldwide, and the major prevention target for CVD is the reduc-
tion of LDL-C concentrations [9]. In this perspective results from
all currently available intervention strategies suggest that lowering
serum LDL-C concentration by diet is as valuable as lowering serum
LDL-C concentration by lipid-lowering medication, e.g. HMG-CoA
reductase inhibitors, to decrease the risk for a non-fatal myocardial
infarct and coronary heart disease (CHD) [10,11]. The abundance of
evidence that foods with added plant sterols or plant stanols lower
serum LDL-C concentrations has resulted in recommendations for
the inclusion of plant sterol and plant stanol added products into
current dietary guidelines [2,12,13]. Plant sterols and plant stanols
are common dietary components, sharing structural similarities

0021-9150/§ - see front matter
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with cholesterol. The average intake of plant sterols from habitual
diets is approximately 250 mg/day, with the intake of plant stanols
considerably lower, both are mainly derived from vegetable oils,
grain products, nuts, seeds, fruits and vegetables. The most abun-
dant plant sterols in the human diet are B-sitosterol, campesterol
and stigmasterol, while plant stanols (the saturated derivatives)
are less abundant and consist mainly of sitostanol and campestanol
[14]. Humans are unable to synthesize plant sterols and plant sta-
nols and serum concentrations are the resuit of intestinal absorp-
tion and biliary secretion. On average, plasma sitosterol
concentrations range from 3.8 to 16.0 pM and campesterol concen-
trations from 6.9 to 27.9 1M [15], while plasma plant stanol concen-
trations vary between 0.05 and 0.3 puM in the normal population
[16]. Plant sterols or plant stanol consumption reduces LDL-C
concentrations by decreasing intestinal cholesterol absorption,
which subsequently increases endogenous cholesterol synthesis
and up-regulates LDL receptor expression [17,18]. However, recent
insights also suggest plant sterols and plant stanols may also lower
serum cholesterol by increased transintestinal cholesterol excre-
tion [19].

Despite the amount of data generated over the past decades,
several scientific questions still remain. Accordingly, the purpose
of this review is to summarize the considerations of 60 academic
and industrial experts on topics related to the health effects of plant
sterols and plant stanols. These experts met in Maastricht, the
Netherlands from October 30th to November 1st 2011, to discuss
several specific topics related to the past, present and future of
plant sterols and plant stanols in the management of cardiovascular
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health. Doses of plant sterols and plant stanols are expressed as the
equivalent weights of free sterols and stanols.

2. Cholesterol lowering efficacy of plant sterols and plant
stanols

Since the first Stresa meeting in 2001, numerous studies with
plant sterols and plant stanols and their esters have been per-
formed. Abumweis et al. published an updated meta-analysis of
plant sterol and stanol studies in 2008 [20]. This meta-analysis
identified 59 studies and demonstrated a dose-response effect
with LDL-C reductions of 0.29, 0.32 and 0.42 mmol/L for plant sterol
or stanol intakes of 1.5-2.0, 2.1-2.5 and >2.5 g/d, respectively.
These results were in line with an updated meta-analysis by
Demonty et al. published in 2009 [21]. The meta-analysis by
Demonty et al. included 84 trials with 141 trial-arms and reported
a mean pooled LDL-C lowering effect of —0.34 mmol/L (95%Cl:
—0.36 to —0.31) or —8.8% for an average plant sterol or stanol
dose of 2.15 g/day. In this last meta-analysis no significant differ-
ences between the dose-response effects of plant sterols and plant
stanols in the range of 0.45-9.00 g/d for a duration ranging from 21
to 182 d, were found. A non-significant 6.7% difference in the calcu-
lated maximal LDL-C lowering effect existed between plant sterols
and plant stanols with a pooled calculated maximal LDL-C lowering
effect for plant sterols and plant stanols of 12.3% [21]. No statistical
significant difference was seen in the dose-response curves of free
vs. esterified plant sterol and stanol, fat-based vs. non fat-based
food formats or dairy vs. nondairy foods.

In 2010, two high- dose studies were published which evaluated
the effect of daily intakes of plant stanol esters of up to 9 g/d on
serum lipoprotein concentrations. Mensink et al. showed a linear
dose-response relationship between plant stanol intake and LDL-
Clowering, with a 17% reduction versus control in LDL-C concentra-
tion at an intake of 9 g/d [22]. A similar effect size was seen by Gyl-
ling et al., who reported a reduction of 17.4% versus control at an
intake of 8.8 g/d of plant stanols [23]. In contrast, high dose studies
performed with plant sterols have shown less consistent results.
Clifton et al. found a reduction in LDL-C concentration of 12.4%
from baseline at an intake of 6.6 g/d of plant sterol provided as
esters [24], while Davidson et al. failed to find an additional LDL-
C lowering effect at an intake of 9 g/d when compared to an intake
of 3 g/d of plant sterol given as esters [25]. However, it must be
noted that Gylling et al., Clifton et al. and Davidson et al. used
differing food matrices so comparisons between the studies may
have limited validity. A meta-analysis by Musa-Veloso et al. [26]
included the above-mentioned high dose studies with plant stanol
esters. This meta-analysis by Musa-Veloso et al. is the largest and
most up-to-date meta-analysis on plant sterol or stanol consump-
tion, including 114 trials representing 182 trial-arms and evaluating
dose-response effects in LDL-C lowering separately for plant sterols
and plant stanols [26]. The range of plant sterol and plant stanol
intake was 0.2-9.0 g/d, while there were a limited number of
studies with a plant sterol and plant stanol intake >4.0 g/d (i.e. 4
studies, 2 strata with plant sterols and 4 strata with plant stanols).
These authors observed (I) that the maximal LDL-C lowering effect
for plant stanols (16.4%) and plant stanol esters (17.1%) were signif-
icantly larger than the maximal LDL-C lowering effects for plant
sterols (8.3%) and plant sterol esters (8.4%), and (II) that intakes
of plant stanols in excess of the recommended 2 g/d dose are asso-
ciated with additional and dose-dependent reductions in LDL-C
concentration. In response, Demonty et al. expressed their concerns
regarding the validity of drawing firm conclusions on maximal
effects achievable at high doses [27]. This concern was based on
(1) the fact that there are limited numbers of high dose studies
available, and (II) the potential influence of the disproportionate

number of low-dose plant sterol strata when compared to low-
dose plant stanol strata. This concern was shared by Maki et al. in
an editorial [28]. As a rebuttal, Musa-Veloso et al. reanalyzed their
dose-response assessment by including the most recently pub-
lished placebo-controlled plant sterol ester intervention study by
Sialvera et al. [29] at that time, in which a decrease of 19.7% in
LDL-C concentrations upon consumption of 4 g/d plant sterol esters
was seen, and excluded 15 low-dose plant sterol strata (intake
<0.8 g/d, which was the lowest dose shared amongst the plant
sterol and plant stanol data sets) [30]. This re-assessment did not
influence their findings, namely a significantly greater relative
maximal LDL-C lowering effect for plant stanols relative to plant
sterols as well as for plant stanol esters relative to plant sterol
esters. Besides the meta-analysis by Musa-Veloso et al., Talati
et al. [31] also aimed to evaluate the comparative efficacy of plant
sterols versus plant stanols. The meta-analysis included 14 blinded
(13 double, 1 single) randomized controlled trials that evaluated
the effect of plant sterols versus plant stanols side-by-side in
healthy or hypercholesterolemic patients (n = 531). The range of
plant sterol and plant stanol intake was 0.6-2.5 g/d and within
this range, no statistical or clinical difference in LDL-C lowering
effect was identified between plant sterols and plant stanols [31].
This latter finding is in line with the meta-analysis by Muso-
Veloso who also showed that only at higher intakes could a differ-
ence between the effect of plant sterols and plant stanols be iden-
tified, whereas at lower intakes effects are more comparable.

Conclusions cannot be drawn regarding the relative efficacy of
plant sterols and plant stanols at higher doses before trials specifi-
cally designed to answer this question are conducted. In these trials
the effects of high dose plant sterol versus plant stanol intakes
should be compared head-to-head. The question as to whether a clin-
ical role exists for plant sterols and plant stanols at intakes higher
than currently advised (>2 g/d) was actively discussed. From clinical
point of view, if indeed a larger LDL-C lowering effect can be reached
with higher intakes of plant sterols and plant stanols this would be
highly attractive as every additional degree of decrease in LDL-C is
beneficial in terms of reducing CVD risk [10,11]. Besides the clinical
benefit of high dose plant sterol and plant stanol added products,
the practical implications such as cost-benefit ratio and compliance
of the consumers must be considered. Nevertheless, the currently
advised intake of plant sterols and plant stanols is 2 g/d, however
EFSA recently approved a health claim for plant sterols and plant sta-
nols added products at a dose of 3 g/d [7] and slightly increasing this
dose up to 4 g/d would be feasible.

2.1. Conclusion

At doses up to 3 g/d plant sterols and plant stanols have been
shown to have equal cholesterol lowering efficacy [7,31]. Recent
studies indicate a potential additional LDL-C lowering effect of
plant sterols and stanols at higher dosages (>2 g/d) however,
more studies are needed to confirm the additional effect before
recommendations for higher intakes can be made.

2.2. Recommendation

Clinical trials comparing the cholesterol lowering efficacy of
plant sterols and plant stanols at doses above the 3 g/d are needed
to support their equal and additional efficacy at higher intakes.

3. Do the effects of plant sterols and plant stanols differ
between populations?

Intervention studies evaluating effects of plant sterols and plant
anols on serum cholesterol concentrations have been carried out

{
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not only in healthy volunteers but also in different diseased popula-
tions, such as type 2 diabetic (T2DM) patients, metabolic syndrome
(MetS) patients and familial hypercholesterolemia (FH) patients. The
observed effects in these populations are of interest, not only to opti-
mize clinical utility, but also to investigate mechanisms underlying
phenotypic responses, At least 10 studies have evaluated the effects
of plant sterols and plant stanols in T2DM and MetS patients. In
2009, Baker et al. performed a meta-analysis of five randomized,
placebo-controlled trials to evaluate the effect of plant sterol and sta-
nol consumption on serum lipoprotein concentrations in patients
(n=138) diagnosed with T2DM [32]. Plant sterol or stanol consump-
tion (1.6-3.0 g/day) significantly reduced total and LDL-C concentra-
tions by 0.26 and 0.31 mmol/L respectively, which is comparable
with reductions seen in healthy subjects. Studies conducted with
plant sterols and plant stanols in MetS patients show less consistent
results. While some studies have provided substantial evidence that
both plant sterols and plant stanols are able to lower serum total
cholesterol and LDL-C concentrations in MetS patients [29,33,34],
studies have also failed to find reduced LDL-C concentrations upon
plant sterol consumption [35,36]. Taken together, studies performed
in T2DM and MetS patients show large variability in extent of LDL-C
lowering (see Table 1), with reductions ranging from 0% to 20% [37].
At an average intake of 1.85 g/d of plant sterols and plant stanols, the
average LDL-C reduction in T2DM patients is 0.23 mmol/L (6.3%) and
an intake of 3.24 g/d of plant sterols and plant stanols results in an
average LDL-C reduction of 0.64 mmol/L (15.6%) in MetS patients.
In comparison, in healthy subjects, the mean LDL-C reduction after
consuming 185 g/d of plant sterols and plant stanols is
0.34 mmol/L (8.6%) and after consuming 3.24 g/d of plant sterols
and plant stanols, LDL-C concentration is reduced by 0.40 mmol/L
(11.0%) [21]. This shows a somewhat smaller response in T2DM
patients and a larger response in MetS patients as compared to
effects observed in healthy controls. In addition, reductions in TAG
concentration are larger in MetS patients than in T2DM patients.
The less consistent results in trials involving MetS patients might
be ascribed to the broad range in criteria that define the metabolic
syndrome [2,38]. Due to this broad range in definition, patients
can be diagnosed with the MetS while having differing metabolic
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characteristics, which could modify LDL-C lowering efficacy. It is
a challenge to identify which characteristics within the diversity in
MetS patients might determine responsiveness.

MetS and T2DM patients are typically classified as having low
absorption and high synthesis of cholesterol, based mainly on
non-cholesterol sterol measurements. Lathosterol concentrations
reflect absolute cholesterol synthesis, while sitosterol, campesterol
and cholestanol concentrations are surrogate markers of dietary
cholesterol absorption. Only a few studies have actually measured
absolute cholesterol synthesis and absorption using direct
methods, ie. sterol balance and dual isotope techniques [39].
According to a review by Miettinen et al., surrogate markers do
not adequately reflect cholesterol metabolism in all circumstances
and conditions, so caution is warranted when assuming non-
cholesterol surrogate markers are self-evident [40]. In addition,
reciprocity appears to exist between cholesterol synthesis and
cholesterol absorption in healthy subjects, but this relationship is
less clear in diseased populations where the connection between
cholesterol synthesis and absorption may become dysfunctional
[40]. This raises the question of the value of surrogate markers in
diseased populations. Based on surrogate markers alone, MetS
and T2DM patients may be falsely classified as low-absorbers,
whereas the observed high responsiveness towards plant sterols
and plant stanols suggests otherwise. In addition, the measurement
of serum non-cholesterol sterols and stanols is not standardized or
quality-controlled in general, which impairs the reliability of the
measurements and further the interpretation of the results.

Few studies have evaluated the LDL-C lowering capacity of plant
sterols and plant stanols in FH patients. FH is characterized by very
high serum LDL-C concentrations and a high incidence of prema-
ture CHD, therefore, treatment modalities at least in adolescents
and adults are based on cholesterol lowering drugs. However, FH
patients might also benefit from foods with added plant sterols
or plant stanols as adjunctive therapy to their current treatments.
In 2006, a systematic review was conducted of four randomized
controlled trials in which the primary objective was to evaluate
the effects of plant sterols and plant stanols on serum lipid concen-
trations in heterozygous FH patients (n = 124) [41]. The duration of

Characteristics of studies conducted with plant sterols/stanols in T2DM and MetS patients.

Reference Patients (n) Design Duration Plant sterol/stanol Change in Change in Change in Change in TAG
dose? g/d (matrix) TCH LDL-C HDL-C (mmol/L)?
(mmol/L)® (mmol/L)® (mmol/L)®
Gylling and Miettinen, 1994 T2DM (11) RC 6 weeks  Stanols: 3.0 (spread) —0.36, —-5.8% -0.37,-93% 011, +10.7% —0.06, —1.3%
Gylling and Miettinen, 1996 T2DM (8) PA 7 weeks  Stanols: 3.0 (spread) -0.7, —10.5% -0.6, -14.3%  -0.05, -2.1% No change
Lee et al.,, 2003 T2DM (81) PA 12 weeks  Sterols: 1.6 (spread) -0.12, -1.8% —0.10, —-2.3% 0.03, +2.4% -0.17, -8.5%
Lau et al., 2005 T2DM (14) RC 3 weeks  Sterols: 1.8 (spread) -0.36, -6.2%  -0.84, -25.9% 0.10, +7.3% 0.53, +19.6%
Yoshida et al., 2006 T2DM (13) RC 3 weeks Sterols: 1.8 (bar) -0.07, -1.3% —0.08, —2.2% No change -0.06, -2.8%
Plat et al., 2009 MetS (18) PA 9 weeks  Stanols: 2.0 (yoghurt drink) -—0.81, -10.9% -066, -11.7% 0.05, +4.3% —0.46, —-31.7%
Gagliardi et al., 2010 MetS (35) PA 5weeks  Sterols: 2.4 (spread) -0.29, -54% -049,-15.1% -0.18, -15.9% No change
Herndndez-Mijares et al., 2011 MetS (24) PA 12 weeks Sterols: 2.0 (low-fat milk) 0.12,+2.0% -0.02,-05% 0.03,+2.7% 0.25, +16.0%
Sialvera et al,, 2011 MetS (108) PA 8 weeks  Sterols: 4.0 (yoghurt drink) -1.01, -163% —0.83, -19.8% No change -1.11, -22.1%
Average plant Average response
;t;r:l(f;;:)nul Change in Change in Change in Change in
TCH (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L) TAG (mmol/L)
T2DM patients
Non-weighted 224 —-032,5.1% —0.40, —10.8% 0.04, +3.7% 0.05, +1.4%
Weighted by number of subjects 1.85 -0.20, 3.2% -0.23, -6.3% 0.04, -3.1% —-0.06, -3.7%
MetS patients
Non-weighted 2.60 -0.50, 7.7% —-0.50, —-11.8% -0.03, -2.2% —-0.33, —9.5%
Weighted by number of subjects 324 -0.71,11.3% —-0.64, -15.6% -0.03, -2.2% -0.66, -13.9%

RC, Randomized crossover design.
PA, Parallel arm controlied design.
* Dose is expressed as the equivalent weights of free sterols and stanols.
® Changes are expressed vs. placebo.
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the studies included ranged from 4 to 12 wk and spreads with
added plant sterols and plant stanols were administrated with an
average dose of 2.3 g/day. Compared to placebo, serum LDL-C
concentrations were decreased by 10-15% with a mean decrease
of 0.64 mmol/L (95% CI —0.86, —0.43 mmol/L). Heterozygous FH
patients need to reduce their LDL-C by at least 40% to reach target
concentrations [41]; indicating that plant sterol or stanol intake
alone is not sufficient to reach cholesterol targets. Plant sterol or
stanol intake does offer an additional effect to the cholesterol
lowering strategies in the treatment of FH patients, which is partic-
ularly interesting in FH children since lipid-lowering medication is
not advised at a young age.

3.1. Conclusion

Plant sterol and plant stanol added products have been shown
to be effective in many different disease populations such as indi-
viduals with T2DM, MetS or FH adults and children. However, the
evidence for equivalent efficacy in these disease populations
compared to the general population is still limited by the relatively
small number of studies, with variable doses and treatment dura-
tions, conducted in each of these populations.

3.2. Recommendation

Further research into the use of plant sterol and plant stanol
products in T2DM, MetS and FH is recommended.

4. Triglyceride lowering effect of plant sterols and plant
stanols

Elevated serum LDL-C, although the most important, is not the
only blood lipid related risk factor for CVD. A meta-analysis of 29
Western prospective studies including 10,158 CVD cases in
262,525 participants indicated that elevated fasting TAG concentra-
tions are an independent risk factor for CVD [42]. High TAG concen-
trations are common with approximately one-third of the US
population having increased fasting TAG concentrations
(>1.7 mmol/L) [43]. Therefore a need exists for TAG-lowering strat-
egies. Most intervention studies have reported that plant sterols
and plant stanols do not affect HDL-C or TAG concentrations.
Some studies, however, have found slight changes in HDL-C or
TAG, which have generally been attributed to other (dietary) factors
and not due to plant sterol or stanol intake [44]. In 2008, Naumann
et al. performed a meta-analysis examining the effects of subject
baseline characteristics on serum lipoprotein response to plant sta-
nol consumption [45]. This analysis revealed a relationship
between plant stanol intake and TAG-lowering, with larger TAG-
lowering seen in subjects with higher baseline TAG concentrations.
Two studies specifically designed to investigate TAG-lowering by
plant stanols were performed in metabolic syndrome and hypertri-
glyceridemic patients with elevated TAG concentrations at baseline
and reductions of 27% and 11% were found, respectively [46,47].
Demonty et al. performed a meta-analysis of 12 randomized
controlled trials evaluating the effects of plant sterols on TAG
concentrations and showed that plant sterol intake in the 1.6-
2.5 g/d range significantly lowered TAG by 6.0% [48]. Larger reduc-
tions in absolute TAG reductions achieved with plant sterol
consumption were observed with higher TAG concentrations at
baseline [48]. The postulated mechanism by which plant sterols
and plant stanols might exert their TAG-lowering effect is through
lowered hepatic production of large TAG-rich VLDL-1 particles [33].
Some suggestion exists from animal studies that the reduced TAG
concentration induced by plant sterols and plant stanols coincides
with increased fecal fat excretion [49], but the exact mechanism

producing the TAG-lowering is yet unknown. The potential TAG-
lowering effect of plant sterols and plant stanols would be of great
benefit for populations with elevated fasting serum TAG concentra-
tions, especially MetS patients, who often suffer not only from
elevated LDL-C but also elevated TAG concentrations.

4.1. Conclusion

As many plant sterol and plant stanol studies exclude subjects
with high TAG concentrations, the TAG-lowering potential of plant
sterols and plant stanols may have been overlooked. TAG-lowering
by plant sterols and plant stanols appears to be greater in individ-
uals with higher baseline TAG concentrations. The exact mecha-
nism by which plant sterols and plant stanols lower is yet
unknown.

4.2. Recommendation

The potential TAG-lowering effect of plant sterols and plant sta-
nols deserves further investigation, especially potential TAG-
lowering effects in the postprandial condition, since postprandial
TAG concentrations are emerging as an important CVD risk factor
[50].

5. Heterogeneity in LDL-C responsiveness to plant sterols and
plant stanols

Evidence from available meta-analyses consistently show that
plant sterols and plant stanols yield a mean reduction in LDL-C
concentrations of approximately 10% at doses around 2 g/day
[1,20,21,26]. However, considerable variability in mean LDL-C
lowering can be seen at the same dosage across trials. This vari-
ability has, among others, been attributed to differences in
consumption frequency [51,52], product matrix [53], and consump-
tion timing [54]. The range of variability seen in LDL-C lowering
between participants in the same study population following the
same study regimen is also very large [55-57]. Rideout et al. re-
ported an LDL-C lowering response range from —40 to +20% after
providing 1.95 g of plant sterols per day to 56 mildly hypercholes-
terolemic participants for 4 weeks [55]. This considerable vari-
ability in individual responsiveness to plant sterol consumption
could in part be due to variable compliance; however compliance
is less of a factor in trials where plant sterol or stanol consumption
is supervised.

Response to plant sterols and plant stanols has shown to be
affected by specific characteristics of cholesterol metabolism that
differ between individuals. Fuentes et al. showed that plasma sitos-
terol to cholesterol ratio, a marker of cholesterol absorption, at
baseline in 30 participants with familial hypercholesterolemia
(FH) predicted cholesterol lowering potential of plant sterol esters
[58]. Individuals with higher sitosterol to cholesterol ratios had
increased LDL-C lowering in response to plant sterol consumption.
Casas-Agustench et al. also showed the same relationship between
high cholesterol absorption and enhanced LDL-C lowering in
response to plant sterol intervention in hypercholesterolemic indi-
viduals [59]. Low serum lathosterol, a precursor of cholesterol and
a surrogate marker of cholesterol synthesis, at baseline was associ-
ated with enhanced LDL-C lowering [60]. Moreover, individuals
with higher serum lathosterol concentrations, indicative of higher
cholesterol synthesis, demonstrated reduced LDL-C lowering than
those with low baseline lathosterol concentrations. Thuluva et al.
demonstrated that the plasma ratio of lathosterol to campesterol,
which would reflect overall cholesterol metabolism, predicts
response to plant stanol consumption [61]. Individuals with higher
lathosterol to campesterol, suggesting greater cholesterol synthesis
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and lower absorption, showed a diminished degree of cholesterol
lowering following plant stanol consumption. These findings using
non-cholesterol sterol surrogates of cholesterol metabolism lend
support to results using direct stable isotope measurements. Ride-
out et al. showed that responders to plant sterol intervention, those
with a >5% LDL-C reduction, had significantly lower fractional
cholesterol synthesis (FSR) than individuals with a <5% reduction
in LDL-C in a retrospective clinical analysis of 3 trials that used
deuterium incorporation as a direct measure of cholesterol
synthesis [62].

Unfortunately, as yet the impact of dose has not been evaluated
with respect to responsiveness to plant sterol or stanol consump-
tion. Individuals with lesser response in trials using the typical 2-
3 g dose range may respond to a higher dose, The plant sterol
and stanol response phenotype could represent a threshold of plant
sterols and plant stanels required for optimal cholesterol lowering
effect. This potential variability in threshold dose for cholesterol
lowering could be responsible for much of the variability in dose-
response seen across meta-analyses [21,26] where more individ-
uals respond, yielding a greater mean cholesterol lowering, in trials
with higher doses of plant sterols and plant stanols.

Rudkowska et al. demonstrated that the extent of response to
plant sterol consumption is reproducible within participants in
a crossover trial with multiple plant sterol treatment phases where
plant sterol or placebo products were consumed under supervision
[56]. This reproducibility of plant sterol response has also been
seen in trials without supervised dietary consumption [59]. The
correlation of LDL-C lowering between repeated plant sterol intake
regimens within the same individual demonstrates that response
may be genetically influenced. Variations in genes such as ABCG5
and G8, NPCIL1, APOA4, SR-BI, HMG-CoAR, CETP, APOE and
CYP7A1 have all been investigated in relation to extent of cholesterol
lowering response to plant sterols and plant stanols [56,63-66].
As yet very few trials have demonstrated significant associations
between a single nucleotide polymorphism (SNP) in a gene and
serum LDL-C lowering response to plant sterol or stanol consump-
tion. Zhao et al. showed that the ABCG8 T400K polymorphism asso-
ciated with plant sterol response in individuals with high basal plant
sterol concentrations in a 4 week randomized crossover trial in 82
participants [63]. However, the same T400K polymorphism in
ABCGS8 was found not to be associated with plant sterol or stanol
response in studies by Plat et al. [64] in an 8 week parallel arm trial
with 112 participants, by Rudkowska et al. [56] in a 4 week random-
ized crossover in 26 participants and by Gylling et al. [66] in a 1 year
parallel arm trial with 282 participants. De Castro-Oros et al. [65]
showed that a variation (—204A > C) in the promoter region of the
CYP7A1 gene, which encodes for the rate limiting enzyme in the
synthesis of bile acid from cholesterol, was associated with response
to plant sterol consumption. Compared to AA carriers of the variant,
C-carriers showed significantly higher reductions in LDL-C (0.13 vs.
0.43 mmol/L) in response to plant sterol consumption. The C-variant
was associated with a 78% increase in CYP7A1 expression in HepG2
cells. It was hypothesized that the C-variant increases the size of the
bile acid pool which enhances cholesterol absorption by improving
the capacity to form micelles in the intestinal lumen [65].

If genetics dictate response it is unlikely that a single SNP will
have an unequivocal impact on the dietary responsiveness to plant
sterol or stanol consumption. Polymorphisms in several genes
considered together may be needed to explain the variance.

5.1. Conclusion

There is evidence demonstrating that plant sterol and plant sta-
nols have a higher efficacy in individuals with a high ;
low synthesis of cholesterol phenotype. &Q:‘L

i,
N
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Cholesterol lowering response to plant sterol and plant stanol
consumption has been related to genetic variants in only a few
studies. The degree to which genetics influence observed heteroge-
neity in LDL-C lowering between participants has not yet been fully
accessed.

5.2. Recommendation

Clinical trials assessing the impact of dose on responsiveness to
plant sterols and plant stanols should be undertaken, specifically
looking at higher plant sterol or stanol doses in individuals who
have previously not responded to lower doses.

Collaborative multicenter retrospective clinical analyses look-
ing at genetics in combined study populations where plant sterol
or stanol response phenotypes have already been established
should be conducted to increase the potential of identifying SNPs
associated with response. In this respect, trials with prospective
recruitment for genotypes or phenotypes of interest should also
be undertaken, to assess gene associations a priori rather than
post-hoc. The use of emerging technologies including gene arrays
and eventually exome or whole genome sequencing will be the
key to elucidating the true impact of genetics on response to plant
sterols and plant stanols. Outcomes of genetic studies largely
depend on the definition of the clinical phenotype; therefore,
care must be taken to accurately define response. Crossover trials
with repeated plant sterol or stanol consumption phases and/or
trials where consumption is supervised are critical in minimizing
the potential of non-compliance contributing to the non-
response phenotype.

6. Formulation and matrixing issues in relation to efficacy

Although it was originally felt that the presence of fat was
required for maximum efficacy of esterified plant sterol and stanol
products, subsequent studies with low fat and no fat foods, liquid or
solid foods, and free or esterified plant sterols or plant stanols have
shown similar effects on LDL-C. The Demonty et al. meta-analysis
[21], also confirmed this observation. In addition, a number of
studies even demonstrated that plant sterol and plant stanol tablets
and capsules exert a similar LDL-C lowering effect as can be reached
with plant sterol or plant stanol added foods [67,68].

Many protocols exist for the preparation of plant sterols or sta-
nols with a microcrystalline structure, however there are no data in
the literature describing the relationship between crystal size and
cholesterol lowering efficacy. Studies have been published in which
no LDL-C lowering effect was found [69,70], and it is speculated
that this lack of effect may have been caused by the formation of
crystalline sterols, which were unable to compete for incorporation
into mixed micelles, in the preparations used. If true, this indicates
that it is essential that the sterols and stanol are available for incor-
poration into mixed micelles starting in the stomach and
continuing in the very upper part of the GI tract [68].

Besides matrices, also timing and frequency of intake are impor-
tant when evaluating the LDL-C lowering efficacy of plant sterols
and plant stanols. Some but, not all evidence points towards
enhanced efficacy of plant sterols and plant stanols consumed at
multiple time points [21], as compared to once per day [51,52].
When consumed once a day, the timing of plant sterol or stanol
consumption may be essential in determining efficacy. It seems
that plant sterols and plant stanols should be consumed during
or after a meal, preferably a larger meal such as lunch or dinner
in which bile flow is triggered [20]. Consumption of plant sterols
and plant stanols with a meal is more relevant for some matrices,
e.g. spreads vs. beverages, as for instance consumption of spreads
is more likely to coincide with meals than beverages,
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Plant sterols and stanols are typically added to foods or bever-
ages as either sterol esterified to fatty acids or free sterols. In the
above-mentioned meta-analysis by Demonty et al. [21] it was
concluded that no difference exists in LDL-C lowering efficacy
between free plant sterols and plant stanols and their esterified
forms. Little attention has been paid to the actual fatty acid
used for esterification, at least one study in hamsters shows
that stearate is superior to the more commonly used linoleate
or oleate [71], and sterol stearates have been also shown to be
effective in humans with 11% LDL-C lowering with 1 g three
times/day [60], but not to any greater extent than seen in other
studies with unsaturated fatty acid esters of sterols. Although
most sterol and stanol esters are effectively hydrolysed in the
small intestine [72] there may be a difference in rates of hydro-
lysis between different sterols [73,74] and between different
esters [73]. However, whether these observed differences are
clinically significant remains to be seen. Whether non-
hydrolysed sterol esters are active is not clear but Rasmussen
has suggested this as a possibility [71]. Free plant sterols and
plant stanols may have greater ability to incorporate into mixed
micelles and therefore have greater cholesterol lowering efficacy
when particle size is reduced, for example by sub-crystalline
formulations or by an emulsified formulation, such as incorpora-
tion into lecithin [68,75].

Over 200 different plant sterol species with 4 types of conju-
gates exist: the 3-OH group is esterified to a fatty acid or a hydrox-
ycinnamic acid (e.g. ferulic acid-gamma oryzanol from rice), or
glycosylated with a hexose (usually glucose) or a 6-fatty-acyl
hexose. Rice bran oil possesses a complex mixture of plant sterols,
with most studies performed using rice bran oil showing reduc-
tions in LDL-C concentrations [76,77] when the oil is rich in des-
methyl sterols (e.g. sitosterol and campesterol ferulate) with no
effect of dimethylsterols (cyloartenol) [78].

Moreau et al. assessed the extent of hydrolysis of common
plant sterol conjugates, including hydroxycinnamate (ferulic
acid) sterol esters in corn fiber oil and rice bran oil, and concluded
that these compounds are cleaved by cholesterol esterase [79].
However, additional information concerning the cleavage of plant
sterol conjugates deserves further investigation. Regarding
matrices and formulations, the FDA has stated that plant sterol
and plant stanol added foods are allowed to possess health claims
for esterified and free forms, while plant sterol and plant stanol
supplements are only allowed to use health claims if they are in
esterified form [80].

6.1. Conclusion

Although potential differences exist between types of free plant
sterol as well as ester forms, there are no obvious clinical differ-
ences in LDL-C lowering except for the 4,4 dimethylsterols which
are ineffective [78], as are the triterpene alcohols from shea nuts
[81]. Plant sterol and plant stanol formulations have been shown
to be effective in higher fat, low fat and fat free foods, as well as
in both liquid and solid food formats. However, there are few
head-to-head studies comparing differing formats as they relate
to relative cholesterol lowering efficacy.

6.2. Recommendation

More head-to-head comparisons of plant sterol or stanol food
formats and matrices are needed to elucidate the full impact these
on LDL-C lowering ability of plant sterol and stanol added foods and
supplements. Particle size of free plant sterol or stanol preparations
is one aspect which has not yet been fully explored.

Food formulation and matrixing must be done in such a way as
to maximize the ability of the product to deliver the plant sterol or
plant stanol into the upper part of the GI track in a format where it
can be incorporated into mixed micelles and bring about choles-
terol lowering.

Therefore, in all future scientific publications of studies it is
important that detailed information (source and type of sterol,
use of emulsifiers, and particle size) concerning formulation be
provided in order to identify how differences in formulation may
alter the potency of the plant sterol or stanol preparation under
investigation.

7. Effects of plant sterols and plant stanols beyond improving
lipid metabolism

7.1. Alzheimer’s disease

Because of the clear role of ApoE4 in Alzheimer's disease and
cognitive decline disturbances in cholesterol metabolism
(including familial hypercholesterolemia) have been suggested to
be related to the pathogenesis of the disease [82,83]. However,
people with phytosterolemia, a rare genetic disorder that is charac-
terized by extremely elevated plasma plant sterel concentrations,
do not appear to have an increased rate of cognitive decline, though
no formal study leoking at cognitive function and phytosterolemia
has been done. In the ABCG5—/— phytosterolemic mouse model fed
a normal chow diet, it was shown that serum and brain plant sterol
concentrations increased 35-70-fold and 5-12-fold, respectively
[84]. However, despite this increase in plant sterols and decreases
in desmosterol and 24(S)-OH-cholesterol in the hippocampus, no
differences were found between the ABCG5—/— and wild type
mice in terms of memory function, anxiety or mood-related
behavior [84]. In humans, the effect of long-term plant sterol and
plant stanol consumption on neurocognitive functioning has also
been investigated [85]. Participants consuming 2.5 g/d of plant
sterols or plant stanols for 85 weeks underwent cognitive assess-
ment before and after the intervention. Despite a significant
increase in serum concentrations, neither plant sterol nor plant sta-
nol intake affected cognitive performance, which included memory
function similar to the data in ABCG5—/— mice. Another human
study compared cerebrospinal fluid (CSF) and plasma plant sterol
concentrations between 67 AD patients and 29 age- and gender-
matched controls [86]. This study showed that patients with AD
had decreased CSF brassicasterol concentrations compared to
control participants. No differences were found in other plant
sterols.

7.2. Cancer

The potential effects of plant sterols and plant stanols on cancer,
in particular the potential of plant sterols to decrease oxidative
stress andfor increase apoptosis, are being investigated [87]. A
study carried out in 463 newly diagnosed primary lung cancer
patients and 465 hospitalized controls showed that plant sterol
consumption, from foods without added plant sterols, was associ-
ated with a reduced risk of lung cancer [88]. Plant sterol intake
was shown to be negatively associated with stomach cancer by
the same group [89], while a reduced risk of developing ovarian
cancer was reported at higher intakes of stigmasterol, compared
to lower intakes [90]. On the other hand, Normen et al. failed to
show any association between a high dietary intake of plant sterols
and plant stanols and the risk of either colon or rectal cancer in
a Dutch cohort study [91].

The possible anti-carcinogenic effect of plant sterols could be
explained via multiple mechanisms of action, including inhibition
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of tumor growth and tumor metastasis, as well as promoting
cellular apoptosis [87]. In vitro, plant sterols inhibit growth of
colon cancer cells [92], breast cancer cells [93] and prostate
cancer cells [94] at physiological concentrations. In addition,
plant sterol-treated breast cancer cells showed reduced invasive-
ness, suggesting a reduction of metastatic ability [95]. Moreover,
Awad et al. replicated these findings in vivo by showing that plant
sterols inhibit tumor growth and reduce tumor metastasis
in human breast and prostate cancer cell lines grown in a severe
combined immunodeficiency (SCID)-mouse model [96,97].
Besides these effects on cell growth and metastasis, plant
sterols have been shown to induce apoptosis in cancer cell lines,
which is an important mechanism in the inhibition of carcino-
genesis [98].

7.3. Conclusion

Thus both animal and human data are consistent in showing no
relationship between brain plant sterol levels and cognitive func-
tion. At present clear evidence confirming the benefit of plant
sterols on cancer prevention is lacking.

7.4. Recommendation

The potential benefit of plant sterol containing foods on cancer
could be elucidated by examining the use of these foods in ongoing
cancer cohorts such as European Prospective Investigation into
Cancer and Nutrition (EPIC) but these data have not yet been gath-
ered or published.

8. Plant sterols and atherosclerosis

Plant sterols naturally occur in diet and are consumed in the
range of 0.2-0.4 g/d in typical Western diets [14]. Some vege-
tarian diets possess upwards of 0.7 g/d [99] and analysis of
ancestral diets suggest that humans may have consumed as
much as 1 g/d of plant sterols [100]. In healthy adults without
consumption of foods with added plant sterols or plant stanols
serum plant sterol range from 3.8 to 27.9 pM [15], while plasma
plant stanol concentrations vary between 0.05 and 0.3 pM in the
normal population [16]. The typical daily intake of plant sterols
and plant stanols recommended for cholesterol lowering is 2 g/
d, an amount unattainable without consumption of foods with
added plant sterols or plant stanols. Concerns have been raised
that plant sterol intake exceeding what is possible to consume
with normal diets is approaching a pharmacological supplemen-
tation rather than a nutritional intervention. As such, the safety
of increased plant sterol intakes and subsequent increased serum
plant sterol concentrations is still hotly debated [101-103]. It has
been demonstrated that during customary plant sterol added
margarine consumption, the serum plant sterol concentrations
increased from 19 to 30 pM with no change in serum plant stanol
values, whereas during customarily used plant stanol added
margarine, the serum plant stanol concentrations increased
from 0.2 to 0.7 uM, but serum plant sterols decreased by 16—
23% [104].

Safety concerns regarding elevated plant sterol concentrations
in blood stem from characteristics observed in patients suffering
from phytosterolaemia, a rare autosomal recessive genetic
disorder that results in an inability to effectively clear absorbed
plant sterols and plant stanols from blood and tissues [105].
The inability causes circulating and tissue plant sterol concentra-
tions to increase 10-25 times above normal up to 0.2-1.6 mM
[105]. Serum plant stanol levels are also elevated in phytostero-

foods the circulating plant sterol concentrations are in the
19-30 uM range [104], much lower than in phytosterolemia. Phy-
tosterolemia has been linked to mutations in the ABGC5 or
ABGC8 genes which are responsible for the export of sterols
from the intestines and liver into the lumen and bile, respectively
[107]. Phytosterolemics can often develop xanthelasma and/or
tendon xanthomas, and experience early malignant atheroscle-
rosis [108]. Mildly elevated cholesterol concentrations can also
be seen in individuals with phytosterolemia [14]. CVD risk is
severe in phytosterolemia since myocardial infarctions and death
have been attributed to phytosterolemia in individuals as young
as 3 years of age [67].

Serum plant sterol concentrations in normolipidemic individ-
uals vary considerably and are highly heritable [109,110]. The
high circulating plant sterol concentrations and premature CHD
and death seen in phytosterolemia has led to the investigation
of the association between plant sterol concentrations in the
normal range and CHD risk. These studies have recently been
summarized by Baumgartner et al and divided into different cate-
gories of study designs, i.e. prospective cohort studies and case-
control studies [111]. Briefly, Glueck et al. [112] were the first to
suggest that elevated plant sterol concentrations in the normal
range may be associated with increased CHD risk. This suggestion
was based on campesterol and total plant sterol concentrations
correlating positively with cholesterol concentrations, and high
campesterol in the top quintile of the 3472 hypercholesterolemic
patients being associated with increased personal or familial
CHD. This link between elevated plant sterol concentrations
and atherogenesis has since been supported by Sutherland
et al. [113], Rajaratman et al. [114], Sudhop et al. [115], Assmann
et al. [116], Matthan et al. [117], Silbernagel et al. [118,119] and
Weingartner et al. [120] in various studies using a range of
methods to access CHD risk or mortality. However, not all studies
have shown an association between circulating plant sterol levels
and the risk of CHD. Wilund et al. [121], Pinedo et al. [122],
Windler et al. [123], and Miettinen et al. [124] failed to identify
an association between plant sterol concentrations and CVD or
CVD risk. Fassbender et al. [125], Strandberg et al. [126], Escurriol
et al. [127], and Weingartner et al. [128], reported data which
suggested atheroprotective associations with higher plant sterol
concentrations. The mixed data available to date do not provide
a clear link between circulating serum plant sterol concentrations
in the normal range and the development of cardiovascular
disease. Moreover, Genser et al. [129] conducted a meta-
analysis looking at the relationship between serum plant sterols
on cardiovascular risk, For this purpose, 17 studies were identi-
fied invelving 11,182 participants reporting either risk ratios
(RR) of CVD in relation to plant sterol concentrations (8 studies)
or standardized mean differences in plant sterol concentrations
between CVD cases and controls (15 studies). The meta-analysis
provides no evidence of an association between serum concen-
trations of plant sterols and risk of CVD [129]. Interestingly, if
the difference in mean serum plant sterol concentrations
in each of the tertiles is compared, it can be concluded that
there is no relation with CVD risk over at least a three-fold range
difference in serum plant sterol concentrations. This is an impor-
tant observation given the fact that serum plant sterol concentra-
tions at the utmost double during consumption of plant sterol
added foods.

The potential relationship between serum plant sterol concen-
trations and the risk of CVD has also been investigated using
Mendelian randomization. A genome wide association study iden-
tified 2 SNPs in ABCGS8 and 1 SNP in ABO which were significantly
associated with serum campesterol, sitosterol and brassicasterol

concentrations and irrespective of serum cholesterol level [130].
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The SNP rs41360247 in ABCGS was associated with decreased plant
sterol concentrations and ratios to cholesterol and SNPs 154245791
in ABCG8 and rs657152 in ABO were associated with increased
plant sterol concentrations and ratios to cholesterol. These SNPs
were then associated with coronary artery disease (CAD) in
13,764 cases and 13,630 controls. The SNPs showed a similar rela-
tionship with CAD as they did with plant sterol levels, with
rs41360247 in ABCG8 being associated with decreased CAD odds,
and SNPs rs4245791 in ABCG8 and rs657152 in ABO being associ-
ated with increased CAD odds. This Mendelian randomization
study suggests a potential association between campesterol levels
and CAD risk. However, it must be realized that the potential asso-
ciation between serum plant sterol concentrations and CVD risk
may also be epiphenomenal. Plant sterol concentrations reflect
cholesterol absorption levels [131], thus it may be increased
absorption of cholesterol, and not an atherogenic role of plant
sterols themselves, which associates with CAD risk [119]. This
notion is supported by the fact that associations seen between
CVD and plant sterols are also seen with cholestanol [117,118],
a cholesterol derivative not of plant origin, which reflects choles-
terol absorption [117,119]. Unfortunately, in the Teupser et al. paper
serum cholestanol concentrations were not investigated in relation
to the above mentioned SNPs in ABCG5, ABCGS8 and ABO regarding
CVD risk as done for campesterol. This information could have
helped in evaluating whether the hypothesized atherogenic plant
sterol effect may actually be related to differences in cholesterol
absorption. Additionally, it must be acknowledged that data
relating natural circulating levels of plant sterols and CVD in epide-
miological and Mendelian randomization studies may not truly
reflect the effect of plant sterol supplementation because plant
sterol levels in these trials are elevated due to physiological and
genetic factors rather than increased plant sterol consumption
[15,109,130].

Animal models have been used to investigate effects of plant
sterol supplementation on atherogenesis with mixed results
[132-138]. Weingartner et al. [132] examined the effects of plant
sterol (PS) and/or ezetimibe (EZE) supplementation on top of
a western diet (WD) or normal chow (NC), in ApoE (—/-) mice.

J. Plat et al. / Atherosclerosis 225 (2012) 521-533

Compared to the WD, WD + PS, WD + EZE and
WD + PS + EZE all reduced atherosclerotic lesion formation,
although the effect was larger with ezetimibe than with PS.
Similar results were seen on top of the NC. However, within
the 3 groups with similar cholesterol concentrations (NC,
WTD + PS, and WTD + EZE) sitosterol and campesterol concen-
trations strongly correlated with atherosclerotic lesion forma-
tion. The level of plant sterol supplemented in this study was
2% (w/w) of the diet, which translates to a human equivalent
of approximately 200 g of plant sterols per day, or 100 times
the typically consumed supplemental dose in humans. It should,
however, be realized that all animal studies so far have used
dosages in this higher range since it reflects a ratio compared
to dietary cholesterol intake seen in humans. Even at these
extremely high concentrations of supplementation, plant sterols
have been found to reduce serum cholesterol concentrations and
suppress atherosclerotic plaque development. Plat et al. [133],
investigated the addition of plant stanol or plant sterols to
(LDL-R +/—) mice already on atorvastatin therapy. The addition
of plant sterols or plant stanols to atorvastatin therapy
decreased plasma cholesterol concentrations by 39% and 41%,
respectively. Plant sterol to cholesterol ratios increased 4- to
11-fold during sterol treatment versus stanol treatment.
However, lesion size decreased similarly in the sterol (—99% vs.
control) and the stanol (—98% vs. control) groups, at comparable
cholesterol reductions and maximally differing serum plant
sterol changes, suggesting that increased serum plant sterol
concentrations are not atherogenic. In this study plant sterols
and plant stanols were supplemented at 1% (w/w) of the diet,
or roughly 50 times higher than the typical human supplemen-
tation dose.

No studies as yet have looked at effects of plant sterol and plant
stanol consumption on clinically relevant hard endpoints for the
primary and secondary prevention of CVD in humans. Therefore,
the actual characterizations of the anti-atherogenic properties of
plant sterols and plant stanols or pro-atherogenic properties of
plant sterols or plant stanols are still restricted to risk factor
reduction such as changes in serum cholesterol concentration or

FMD effect vs. placebo
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evaluating changes in surrogate markers of atherosclerosis. In
seven studies the effect of plant sterols or plant stanols on surro-
gate markers were studied such as intima-media thickness, flow-
mediated dilatation (FMD), and/or arterial stiffness [67,139-143].
In most of the studies no significant improvement in arterial
health could be demonstrated, but in one study plant stanol ester
consumption for two years was associated with beneficial changes
in carotid artery compliance [143], and in another study carotid
artery compliance and flow-mediated dilatation was improved
in subjects with initially reduced respective values [142]. Results
of the 6 studies using FMD are combined in Fig. 1, panel A. In
general, plant sterol and stanol consumption did not significantly
change FMD, despite significant reductions in LDL-C concentra-
tions. Nevertheless, the combined analysis as shown in Fig. 1,
panel B suggests that if anything there is an improvement both
for studies with plant sterols as well as plant stanols. It is very
likely that each of the individual studies was underpowered to
show significant effects on FMD and these potential effects need
further investigation in a larger study population. In a study by
Kelly et al. [144] which investigated plant sterol and plant stanol
margarines compared to control margarine in statin users, an
association between serum campesterol concentrations and
changes in the arteriolar and venular diameters in the microcircu-
lation of the fundus during a 1.5 year intervention period was seen
when all treatment groups were combined. It should be acknowl-
edged, however, that the intervention itself failed to show any
significant change in the diameter of the arterioles or venules
between baseline and endpoint, or between margarine
treatments.

8.2. Recommendation

The present evidence supports plant sterols and plant stanols as
viable option for lowering LDL-C in individuals at increased risk of
CVD.

9. General discussion and the need for endpoint studies

It has been identified that a need exists for endpoint studies
using plant sterol or plant stanol intervention. The ideal endpoint
trial would compare plant sterol to plant stanol consumption
versus a placebo, as both plant sterols and plant stanols similarly
lower cholesterol concentrations [1,20,21], while having opposite
effects on plant sterol concentrations [145]. An endpoint trial
would provide evidence for actual effect of elevated plant sterol
or plant stanol concentrations versus lowered LDL-C concentra-
tions seen in response to plant sterol or plant stanol consumption.
While support was veiced that an endpoint trial is necessary to
provide conclusive evidence, the group failed to reach agreement
about the best trial design and best endpoint markers as well as
the feasibility of such a trial. Whether to set-up a primary or
secondary prevention trial, trial duration, trial population size,
and the use of food products or capsules in relation to compliance
were all discussed. A follow-up discussion around this issue is
certainly warranted. Even without an endpoint trial, based on the
wealth of current clinical trial evidence demonstrating LDL-C
lowering with plant sterol and plant stanol consumption, the use
of plant sterols and plant stanols can be encouraged in hypercholes-
terolemic individuals who are at increased risk of CVD.

Conclusions regarding the use of plant steral and stanols where agreement was reached

At doses up to 3 g/d plant sterols and plant stanols have been shown to have equal LDL-C lowering efficacy in a wide range of populations including T2DM,
MetS and FH individuals. An average ~ 10% reduction in LDL-C can be achieved with intakes of ~2 g/d plant sterols or plant stanols,
A role exists for plant sterol and plant stanol esters in modestly lowering fasting triglyceride concentrations, however, the effects on TAG metabolism in the

postprandial state needs further study.

Although potential differences exist between types of free plant sterol or plant stano

I, such as the use of emulsifiers or particle size, there are no obvious clinical

differences in LDL-C lowering effects when comparing free plant sterels and plant stanols vs. esterified forms.
Plant sterol and plant stanol formulations have been shown to be effective in higher fat, low fat and fat free foods, as well as in both liquid and solid food formats.
In all cases, but especially when non fat-based food products are used, attention has to be paid to the formulation and matrixing of the added sterol/stanol ingredient.
The suitability of using surrogate markers for assessing cholesterol absorption efficiency in specific populations, like obese, T2DM or MetS individuals need

to be evaluated.

Future plant sterol and plant stanol studies should provide detailed information concerning the formulation of the used plant sterol or stanol blend in order to

assess its impact on efficacy.

Recommendations for future studies ¢nd research needs regarding plant sterals and plant stanols

Head-to-head comparison studies between one or more high dose (>3 g/d) plant sterol or plant stanol intakes are needed to assess a potential difference

or similarity in reaching optimal LDL-C lowering efficacy.

Standardization and cross-comparability in relation to the various analytical methodologies used to measure plant sterol and stanol concentrations in serum

and tissues needs to be achieved.

The role of plant sterols and plant stanols in postprandial TAG metabolism is unclear and should be investigated,

The effects of plant sterol and plant stanol dose should be assessed in individuals who have already been characterized as non-responders to typical (2-3 g/d)
doses of plant sterols or plant stanols to investigate if increased plant sterols and plant stanols can overcome poor responsiveness.

A collaborative multicenter retrospective clinical analysis investigating the potential genetic basis for the heterogeneity in plant sterol and plant stanol response
should be undertaken where genetic data from hyper- and non-responsive individuals from already completed clinical trials are pooled to increase the
potential of identifying SNPs associated with response to plant sterol and stanol consumption.

More research regarding the potential role for plant sterols and plant stanols in other diseases including Alzheimer's disease and cancer is warranted.

An endpoint trial using defined clinical outcomes was deemed to be needed to assess the functionality of the achieved LDL-C reduction through plant sterol
or plant stano! consumption. The best design of such a trial, i.e. whether focusing on primary or secondary prevention, evaluating a hard endpeint such as
mortality rates, or a surrogate marker, such as FMD, and whether to use a food vs. a supplement, needs to be decided.

8.1. Conclusion

Until the discussion around potential atherogenicity of plant
sterols is resolved, based on the results of >200 clinical trials
demonstrating LDL-C lowering efficacy, the risk to benefit of plant
sterol use is favorable.
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