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Bitkisel stanol veya sterol esterleri iceren gidalar serum
kolesterol seviyelerini diigiiriir. Sterol ve stanollerin
etkinligi ve giivenligine iliskin 32 uzman goriisiinii
ozetliyoruz. Yapilan 41 calismanin meta-analizi, 2 g/gun
stanol veya sterol alminin diisiik yogunluklu lipoproteini
(LDL) %10 oranminda azalttigini; daha yiiksek alimlarin
ise cok az katki sagladigim gostermistir. Steroller ve
stanoller icin etkinlik benzerdir, ancak gida formu LDL
azalmasini 6nemli o6lciide etkileyebilir. Etkiler diyet veya
ila¢c miidahaleleri ile eklenebilir: doymus yag ve
kolesterol oram diisiik ve stanol veya sterol oram yiiksek
gidalar tiiketmek LDL'yi %20 azaltabilir; statin ilacina
sterol veya stanol eklemek statin dozunu iki katina
cikarmaktan daha etkilidir. Vitamin basmna 10 ila 15
calismanin meta analizi, A ve D vitaminlerinin plazma
seviyelerinin stanollerden veya sterollerden
etkilenmedigini gostermistir. Alfa karoten, likopen ve E
vitamini seviyeleri, tasityict1 molekiilleri olan LDL'ye gore
sabit kalmistir. Beta karoten seviyeleri diismiis, ancak
olumsuz saghk sonuglari beklenmemistir. Sterolle
zenginlestirilmis gidalar plazma sterol seviyelerini
artirmis ve ¢alistay katihmecilar1 homozigot fitosterolemili
hastalarda aterosklerozun belirgin sekilde arttigi goz
oniine alindiginda bunun riski artirip artirmayacagim
tartismigtir.
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Bu riskin biiyiikk olciide varsayimsal olduguna
inanilmaktadir ve plazma bitki sterollerindeki Kkiiciik
artisgtan kaynaklanan herhangi bir arti, plazma
LDL'sindeki azalma ile fazlasiyla dengelenebilir. Bitki
stanollerinin veya sterollerinin kolon karsinogenezini
onledigini veya tesvik ettigini gosteren yeterli veri
bulunmamaktadir. Sterol ve stanollerin giivenligi, genel
niifustan ahman orneklerin takibi ile izlenmektedir;
ancak bu tiir caliymalarin, eger varsa, yaygin
hastaliklardaki seyrek artislar1 tespit etme giicii
siirhdir. Klinik sonuc¢lari olan bir ¢alisma muhtemelen
seyrek goriilen advers etkilerle ilgili kalan sorular:
yamtlamayacaktir. Intimamedia kalmhg gibi vekil
sonlanim noktalariyla yapilan calismalar, aterosklerozu
azaltmada beklenen etkinligi destekleyebilir. Bununla
birlikte, mevcut kanitlar koroner kalp hastahgr riski
yiiksek olan Kkisilerde LDL kolesterol seviyelerini
diisiirmek icin sterol ve stanollerin kullanimini tesvik
etmek igin yeterlidir.
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ABC = ATP (adenozin trifosfat) baglayic1 kaset; ABCGS =
ABC alt ailesi G, iiye 5; KKH = koroner kalp hastahgi; LDL
= diisiik yogunluklu lipoprotein; NCEP = Ulusal Kolesterol
Egitim Program

Diyet tedavisi, serum diisiik yogunluklu lipoprotein
(LDL) kolesterol seviyelerini diisiirme ve koroner kalp
hastaligi (KKH) riskini azaltma stratejilerinin temel
tagidir.

Bitki sterolii ve stanol esterleri ile zenginlestirilmis
gidalarin giinliik diyete dahil edilmesi, halihazirda statin
ilaclart kullanan hastalar da dahil olmak {izere diyetin
kolesterol diisiiriicii etkisini 6nemli dl¢iide artirabilir. Bu
nedenle, son zamanlarda diinyanin bir¢ok yerinde stanol
ve sterolle zenginlestirilmis gidalarin piyasaya siiriilmesi
onemli bir gelismediris ¢iinkii KKH diinya capinda
morbidite ve mortalitenin 6nde gelen nedenidir. Bitki
sterolleri ve stanollerinin etkinligi, glivenligi ve gelecekte
yapilmas1 gereken arastirmalari tartismak {izere Italya
Beslenme Vakfi'nin  himayesinde 7-9 Mart 2001
tarihlerinde Stresa, Italya'da bir araya gelen 32 lipid,
beslenme ve kalp hastaliklari uzmanmnin goriislerini
Ozetliyoruz. (Bu makale boyunca sterol ve stanol
esterlerinin miktarlarinin serbest [yani esterlesmemis]
sterol ve stanollerin esdeger agirliklart olarak ifade
edildigini unutmayin).
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Sekil 1. Sterollerin yapilari. Kolesterol, memeli hiicrelerinin
steroltdir. B-Sitosterol bitkilerde en yaygin steroldiir; C-24'e
bagli bir etil grubuna sahip olmasiyla kolesterolden ayrilir. [-
Sitosteroliin 5,6 ¢ift baginmn hidrojenasyonu onu sitostanole
déniistiiriir.> Kampesterol ve kampestanol C-24'te etil yerine metil
grubu tasir.

Sterollerin bitkilerde, hayvanlardaki kolesterole benzer
hiicresel islevleri vardirs (2 ana bitki sterolli ve kolesteroliin
yapilart Sekil 1%de karsilastirilmistir). 40'tan fazla bitki
sterolii (veya fitosterol) tanimlanmistir, ancak sitosterol,
kampesterol ve stigmasterol en bol bulunanlardir. Stanoller
doymus sterollerdir (sterol halka yapisinda ¢ift bag

bulunmaz). Baslica bitki stanolleri sitostanol ve
kampestanoldiir; dogada sterollerden ¢ok daha az
bulunurlar.  Kolesteroliin  yaklasik  %50'si  bagirsak

kanalinda emilirken, bitki stanolleri ve sterolleri ¢ok daha
az emilir: emilim kampesterol ve kampestanol i¢in yaklasik
%10 ila %15, sitosterol igin %4 ila %7, ve sitostanol icin

%1'dir.® Bitkisel stanol veya sterol esterleri ile
zenginlestirilmis ~ gidalar,  kolesteroliin ~ bagirsaktan
emilimini  azaltarak serum  kolesterol  seviyelerini

diisiiriir.»%-12 Stanol (ve muhtemelen sterol) esterleri st
ince bagirsakta hidrolize edilir.?® Serbest stanoller ve
steroller muhtemelen Kkolesterolii karistk misellerden
uzaklastirir ve bdylece bagirsak kolesterol emilimini
azaltir, ancak kesin mekanizma bilinmemektedir. Stanol ve
sterollerin etkileri muhtemelen ATP (adenozin trifosfat)
baglay1c1 kaset (ABC) alt ailesi G, iiye 5 (ABCGS5) ve

) proteinlerini igerir. Bu membran
gidolleri  secici olarak enterositlerden
palar ve boylece emilimlerini diisiik

g test edilen en disiik sterol ve stanol
§0 ila 1000 mg/giin'diir.?6® Son
W' 1500 11a 3300 mg/giin bitki stanollerl

cok daha yiiksektir. Bati toplumlarinda sitosterol alimi
yaklagik 150 ila 350 mg/giin, stanol alimi ise yaklasik 15 ila
50 mg/gundiir.1%?t Vejetaryenler yaklasgik 325 mg/giin
sitosterol ve yaklasik 60 mg/giin kampesterol tiiketirler.?? Bu
nedenle, bitki sterolleri ve stanollerinin normal giinliik alim1
150 ila 400 mg/giin arasinda degismektedir.

Bitki sterollerinin asir1 yiliksek alimmin (10-20 g/giin)
kolesterol diisiiriicii etkisi 1950'lerden 1970'lere kadar fark
edilmis??*?* ve bu alandaki 2 oncii tarafindan gozden
gecirilmistir.”® Kolesterol dengesi c¢alismalari, bu etkinin
kolesterol emiliminin azalmasindan kaynaklandigini ortaya
koymustur.?® Bununla birlikte, bitki sterollerinin kolesterol
disiiriicii maddeler olarak yaygin kullanimi, bu maddelerin
biiylik miktarlarinin hacmi ve tadi ve daha etkili kolesterol
diistiriicii maddelerin piyasaya siiriilmesiyle sinirlanmistir.
Daha sonraki calismalar ve kolesterol diisiirticii klinik
deneylerde KKH riskinin azaltildigmin gosterilmesi, bitki
sterollerine olan ilgiyi yenilemistir. Giinde 3 g'lik bir miktar,
uygun fiziksel formda sunulmasi halinde kolesterol
emilimini azaltmada daha yiksek miktarlar kadar etkili
olmustur.?® Mattson ve digerleri®’ bitki sterollerini diyet
yaginda ¢oziiniir hale getirmek igin esterifikasyon siirecini
Onermistir. Sitostanol veya sitosteroliin yag asitleri ile
esterlestirilmesinin  hem mayonez ve margarinlerdeki
¢ozlnirliiklerini hem de bagirsakta dagilimlarint artirdigi ve
boylece etkinliklerini artirdig1 bulunmustur.

Bitkisel stanol veya sterol esterleri iceren margarinler
birgok iilkede pazarlanmaktadir. Yogurt, krem peynir ve
tahil barlar1 da dahil olmak iizere diger formiilasyonlar bazi
iilkelerde  piyasaya siirilmiistir ve serbest (yani
esterlesmemis) bitki sterolleri ve stanolleri i¢eren tahillar ve
meyve suyu Amerika Birlesik Devletleri'nde test
edilmektedir.*-?8

Bu driinlerin pazarlanmasindaki artis gdz Oniine
alindiginda, etkinlik ve giivenligin gdzden gecirilmesinin
zamani gelmistir.

ETKINLIK
Cesitli Sterol ve Stanollerin Plazma Lipoproteinleri
Uzerindekl Etkisl Nedir?

Stanol veya sterol igeren gidalarm test edildigi
yaymlanmis randomize calismalardan elde edilen veriler
Tablo 1'de dzetlenmistir>1116-1828-63. By calismalardan elde
edilen veriler énceki bir metaanalizi glincelledi.®* Calismalar
MEDLINE'dan ve derleme makalelerden ve calistayimizdaki
uzman katilimcilara sorularak belirlenmistir. Toplamda, 58
tedavi kolu veya dénemi ve 41 plasebo kolu veya dénemi ile
41 calisma tanimlanmistir. Steroller ve stanoller, yag iceren
gidalarda dogrudan ¢oziindiirtildiikleri 2 deneme diginda
esterlestirilmistir. Stanoller ve steroller margarine (veya 7
denemede mayonez, zeytinyag1 veya tereyagina) eklendi ve



Tablo 1. Bitki Stanolleri veya Sterolleri Eklenmis ve Eklenmemis Gidalari1 Karsilastiran Randomize Cift Kor Calismalar*

Placebo ile ayarlanmig

Katilimer say1st Ort. serum LDL kolestero-

. Capraz- Pararlel Denemeler  Yas Stire Stanol Doz liinde azalma

Atf Ulke denemeler Tedavi Plasebo (yil) (hafta) veya sterol (gr/giin) (mg/dL)
Williams ve digerlerizs ABD 19 Yok Yok 4 4 Stanol 1,0 11
Tammizo Finlandiya 72 Yok Yok 6 13 Stanol 1,6 8
Vissers ve digerleris Hollanda 60 Yo Yok 23 3 Sterol 2,1 8
Matvienko ve digerleria ABD Yok 17 17 23 4 Sterol 2,7 17
Plat ve digerleriz Hollanda 39 Yo Yok 31 4 Sterol 2,5 12
Plat & Mensinkas Hollanda Yok 70 42 33 8 Stanol 4,0 14
Jones ve digerleris Kanada 22 Yok Yok 35 14 Sterol 1,6 12
Mensink ve digerleri s Hollanda Yok 30 30 36 4 Stanol 3,0 15
Hendriks ve digerleri 16 Hollanda 80 Yo Yok 37 3,5 Sterol 0,8 8
Sterol 1,6 10
Sterol 3,2 12
Niinikoski ve digerleriss Finlandiya Yok 12 12 37 5 Stanol 3,0 19
Mussner ve digerleris? Almanya 63 Yok Yok 42 3 Sterol 18 10
Hallikainen & Uusitupass Finlandiya Yok 38 17 43 8 Stanol 2,3 18
Sierksma ve digerleris Hollanda 76 Yo Yok 44 3 Sterol 0,7 7
Weststrate & Meijerao Hollanda 80 Yok Yok 45 35 Stanol 2,7 16
Sterol 3,2 17
Miettinen & Vanhanena Finlandiya Yok [7] 8 45 9 Sterol 0,8 10
Yok [9] Yok Yok Yok Stanol 1,0 11
Davidson ve digerleriz ABD Yok 21 21 45 8 Sterol 3,0 5
Vanhanen ve digerleriss Finlandiya Yok 34 33 46 6 Stanol 34 13
Vanhanen ve digerlerii Finlandiya Yok [7] 8 47 6 Stanol 0,8 11
Yok [7] Yok Yok Yok Stanol 2,0 21
Homma ve digerleris Japonya Yok [34] 34 47 4 Stanol 2,0 13
Yok [36] Yok Yok Yok Stanol 3,0 10
Vanstone ve digerleris Kanada 15 Yok Yok 48 3 Sterol 18 16
Stanol 18 16
Hallikainen ve digerleriss Finlandiya 34 Yok Yok 49 4 Sterol 2,1 17
Stanol 2,0 21
Miettinen ve digerleris Finlandiya Yok [51] 51 50 52 Stanol 1,8 16
ve Gylling ve digerleriss Yok [51] Yok Yok Yok Stanol 2,6 22
Jones ve digerlerizs Kanada Yok 16 16 50 4 Stanol 1,7 25
Gylling ve digerleriss Finlandiya 22 Yok Yok 51 7 Stanol 3,0 20
Christiansen ve digerleriso  Finlandiya Yok [47] 44 51 26 Sterol 15 18
Yok [43] Yok Yok Yok Sterol 3,0 19
Hallikainen ve digerleris Finlandiya 22 Yok Yok 51 4 Stanol 0,8 3
Stanol 1,6 10
Stanol 2,3 18
Stanol 3,0 20
Volpe ve digerleris: Italya 30 Yok Yok 51 4 Sterol 1,0 13
Jones ve digerleriu ve Kanada 15 Yok Yok 52 3 Stanol 1,8 10
Raeini-Sarjaz ve Sterol 19 22
Neil ve digerleriss Britanya 29 Yo Yok 52 8 Sterol 2,5 20
Gylling & Miettinenss Finlandiya 21 Yok Yok 53 5 Stanol 2,4 17
Nguyen ve digerleriss ABD Yok 77 76 53 8 Stanol 2,0 8
Stanol 3,0 17
Andersson ve digerleriss Isveg Yok 19 21 55 8 Stanol 2,0 11
Blair ve digerleris? ABD Yok 71 77 56 8 Stanol 3,0 15
Tikkanen ve digerleriss Finlandiya Yok 36 35 56 5 Sterol 0,9 10
Yok 36 35 56 5 Sterol 19 14
Yok 36 35 56 5 Sterol 42 15
Noakes ve digerleriss Avustralya 46 Yo Yok 57 3 Sterol 2,3 13
Stanol 25 16
35 Yok Yok 57 3 Sterol 2,0 15
Gylling & Miettinenso Finlandiya 11 Yok Yok 58 6 Stanol 3,0 20
Nigon ve digerlerie Fransa 53 Yo Yok 58 8 Sterol 1,6 9
Mglet QEW QT ABD Yok [90] 39 59 5 Sterol 11 17
Yok [90] Yok Yok Yok Sterol 2,2 20
Avustralya 15 Yo Yok 60 4 Sterol 2,4 23

igruplarini gostermektedir. LDL = diisiik yogunluklu lipoprotein; YOK = gegerli degil.



Tablo 2. Yasa Gore LDL Kolesteroldeki
Mutlak ve Yiizde Azalmalarin Randomize
Plasebo Kontrollii Calismalardan Ozet

Tahminleri*
Katilimeilarm LDL kolesterolde azalma
ortalama yas1 Deneme kolu Mutlak (mg/dL)
y) sayisi (%95 ClI) % (95 CI)
4-6 2 8 (7-9) 8,0 (5.2-10.8)
20-29 2 11 (2-19) 10,0 (7.0-13.0)
30-39 7 12 (10-14) 10,5 (8.3-12.6)
40-49 13 15 (13-17) 10,3 (8.5-12.0)
50-60 26 16 (14-18) 9,6 (8.4-10.7)

*Veriler, ginlik >1,5 g/giin stanol/sterol dozlarmi test eden 50 deneme
kolundan (yetiskinlerde) elde edilmistir. CI = giiven araligi; LDL =
diisiik yogunluklu lipoprotein.

denemeleri ¢ift kor yapmak icin plasebo margarinler veya

diger gidalar kullanilmigtir. Her bir c¢alismada, LDL

kolesterolde plaseboya gore ayarlanmis ortalama diisiis

hesaplanmistir. STATA istatistik yazilimini (Stata Corp,

College Station, Tex) kullanarak, LDL kolesteroltindeki

ortalama diisiisii tim calismalarda ve belirli ¢alisma alt

gruplarinda  belirledik.  Rastgele  etkiler = modeli
kullanilmistir;  ancak  ¢alisma  sonuglart  arasinda
istatistiksel olarak anlamli bir heterojenlik bulunmamuistir.

Bu nedenle, 6zet tahminler, her bir denemenin sonucunun

varyansinin tersi ile agirliklandirilmasina esdegerdir. Bu

denemelerdeki denekler genellikle nispeten yiksek
kolesterol seviyelerine sahip olduklari icin se¢ilmistir,
ancak plasebo gruplarindaki ortalama LDL kolesterol
seviyeleri, denemelerin ¢ogunun yapildig1 kuzey Avrupa
icin yasa 0zgii ortalama degerlere yakin oldugu i¢in bu
se¢imin etkisi ¢ok az olmustur (tiim c¢aligmalarda plasebo
gruplarindaki ortalama LDL degerleri 45-54 yaglarinda

137 mg/dL veya 3,55 mmol/L ve 55-64 yaslarinda 161

mg/dL veya 4,17 mmol/L idi). Ailesel

hiperkolesterolemili cocuklarda yapilan ¢aligmalar analize
dahil edilmemis ve ayri olarak tartigilmistir.

Steroller ve stanoller tarafindan LDL Kkolesterolde
plaseboya gore ayarlanmig mutlak azalma yasla birlikte
artmaktadir (Tablo 2); bunun nedeni LDL kolesteroliin
baslangi¢ degerlerinin yasla birlikte artmast olabilir. LDL
kolesteroldeki azalma yiizdesi yasa gore onemli dlgiide
degismemistir.

Dozun bir fonksiyonu olarak LDL kolesteroldeki
ylizde azalma Sekil 2 ve Tablo 3'te gosterilmistir. Etkinin
yaklagik 2 g/giin veya daha fazla alimlarda azaldig1 ve 2,5
g/glin'den daha yiliksek dozlarda ¢ok az ek etki oldugu
gorilmiistiir (Tablo 3): Maksimum etki tahmini olarak
%11,3'tiir. Denemelerde, 0,7 ila 1,1 g/glin dozlarinin test
edilmesi, bu dozda etkinin yaklasgik yarismin elde
edilebilecegini gdstermistir. Cocuklarda yapilan 2 galisma
ve %
salfgah rﬂ.ﬁﬂr&ot #IxSu bir analizde, LDL kolesterol
S4 %’@mdekl ortalama diisiis, stanollen test eden 27

terollerl test eden 21 galismada
99,7 (%95 giiven araligi, %8,5-

Kargilastirma orta diizeyde bir farki tespit edecek
istatistiksel giicten yoksun olmasina ragmen fark anlamli
degildi. Dolayistyla, bu denemeler herhangi birinin
digerinden daha iyi oldugu iddiasi1 destekleyemez.
Yiksek yogunluklu lipoprotein seviyelerinde artiglar ve
trigliserit seviyelerinde diislisler ara sira goriilmiis olsa
da,»= stanoller ve steroller genel olarak yiksek
yogunluklu lipoprotein veya ¢ok disik yogunluklu
lipoprotein kolesteroliinde ¢ok az degisiklik yaratmis veya
hi¢ degisiklik yaratmamustir, dolayisiyla LDL ve toplam
kolesterol seviyelerindeki mutlak disiisler neredeyse
aynidir. Stanoller, LDL apolipoprotein B {iretimini inhibe
ederek LDL seviyelerini diistiriir.es Apolipoprotein B igin
yanit egrisi LDL kolesterol icin olana benzerdi, bu da
stanollerin ve sterollerin LDL'yi boyutlarindan veya
bilesimlerinden ziyade partikiil sayisin1  azaltarak
diisiirdiiglini diistindiirmektedir.1s 66

Stanollerin  ve sterollerin  plazma lipoproteinleri
Uzerindeki etkisi oncelikle birka¢ hafta iginde ortaya
¢ikmis ve 1 yil siiren ¢alismalarda sabit kalmistir.sz Bu
calismalarda, 1,8 g/giin stanol ile tedavi, 1 yil sonra LDL
kolesterolii %8,5 oraninda diistiriirken, 47 1,6 g/gun sterol
ile tedavi, 1 yil sonra LDL kolesterolii %5,9 oraninda
diigiirmiistiir.ez Her iki sonu¢ da eszamanli plasebo
grubundaki degisime gore elde edilmistir. Bunun steroller
ve stanoller arasinda uzun vadeli etkinlik acisindan bir
fark gosterip gostermedigi konusu uzmanlar tarafindan
kapsamli bir sekilde tartisildi, ancak verilerin tek
calismalarla siirli olmasi, dozlarin biraz farkli olmasi ve
uyum konusunda kesin veriler olmamasi nedeniyle kesin
sonuglara varmak miimkiin degildir. Bu uzun vadeli
etkiler hakkinda daha fazla bilgiye ihtiya¢ oldugu agiktir.
Formiilasyonun Etkisi Nedir?

Sterollerin ve stanollerin fiziksel formu 6nemlidir.
Serbest (yani esterlesmemis) steroller ve stanoller, plazma
lipoproteinleri tizerinde stanol ve sterol esterleri ile ayni
etkiye sahip olabilirz2s; Bununla birlikte, matris ve
emiilsifikasyon 6nemlidir ve negatif sonuglar yaygindir.ss
Bu nedenle, yeni gida formlari daha once test edilmis
formlardan biylik 6l¢ide farklilik gosteriyorsa etkinlik
acisindan degerlendirilmelidir. Bir calismaes lesitin ile
emilsifiye edilmis serbest stanollerin tek o6gilinlik
testlerde kolesterol emilimini %37 oraninda azalttigini
gostermistir. Diasilgliserol iginde ¢oziinmiis serbest bitki
sterollerinino ve ekmek ve tahillarss veya az yagl yogurt
gibi az yagl iiriinlere dahil edilmis bitki sterol ve stanol
esterlerinin etkinligine dair kanitlar da bulunmaktadir.

Piring kepeginden elde edilen dimetilsterollerin
lipoproteinler  Gzerindeki  etkileri, sitosterol  gibi
kolesterolden tiiretilen sterollerinkinden daha azdir (Sekil
1).s
Alim Sikhiginin Etkileri Nelerdir?

Calismalarin ¢ogunda, bitki stanolleri ve sterollerinin
giinliik toplam alimi giin i¢inde 2 veya 3 porsiyona
boliinmiistiir, ancak 1 calisma, 6gle yemeginde alinan 2,5
g bitki stanoliiniin, 3 6giine bdliinen 2,5 g bitki stanolil ile
ayn1 LDL disiiriict etkileri yarattigini gostermistir.s



Bu nedenle, alimm giin icindeki dagilimi etkinligin
onemli bir belirleyicisi olmayabilir ve Kkolesterol
emiliminin  engellenmesi i¢in  karigtk misellerden
kolesteroliin  degistirilmesi  disindaki mekanizmalar
dikkate alinmalidir, ¢iinkii bu muhtemelen her &giinde
stanol ve sterollerin alinmasini gerektirecektir. Farkli doz
rejimlerinin etkinligini ve etkililigini karsilastirmak igin
daha fazla ¢aligmaya ihtiya¢ vardir. Sterol ve stanollerin
kolesterol tastyicilart  {lizerindeki etkilerine iliskin
calismalar da bu konuya 151k tutabilir.14.1s

Cocuklar, Diyabetli Hastalar ve Tanimlanmis
Genotiplere Sahip Kisileri iceren Alt Gruplarin
Yanitlan Nelerdir?

Iki calisma, stanol esterleri ile tedavi edilen ailesel
hiperkolesterolemili  cocuklarda LDL  Kolesterolde
yaklagik %15'lik bir azalma oldugunu gostermistir ki bu,
ortalama LDL kolesterol seviyesine sahip cocuklarda
goriilen %8'lik azalma ile karsilastirildiginda olumlu bir
sonugtur (Tablo 2). Esterlesmemis sitostanol ile yapilan
bir ¢alisma daha da belirgin bir etki gostermistir.7 Sterol
esterleri de LDL kolesterolde bir azalma saglamistir.ss Bu
nedenle, steroller ve stanoller ailesel hiperkolesterolemili
cocuklarda en az etkilenmemis ¢ocuklardaki kadar etkili
goriinmektedir.

Stanol esterleri diyabetik kisilerde LDL kolesterol
seviyelerini, diyabetik olmayan kisilerdeki diisiislere

benzer sekilde %9 oraninda diisiirmiistiir.eo Kolesterol
emilimi apolipoprotein E genotipinden etkilenebilir,
ancak cogu ¢alismada apolipoprotein E genotipinin
LDL'nin sterollere ve stanollere verdigi yanit lizerinde ¢ok
az etkisi vardir.is 334672 Diger polimorfizmler yaygin olarak
caligilmamistir.

Stanol ve Sterollerin Etkileri Diyetin Etkilerine
Katkida Bulunur mu?

Stanollerin ve sterollerin etkilerinin arka plandaki diyetten
bagimsiz oldugu goriilmektedir.ec Boylece, 2,3 g/gun
stanol ester ilavesi, diisiik yagli Ulusal Kolesterol Egitim
Program1 (NCEP) basamak 1 diyetinin etkisini iki katina
¢ikararak LDL kolesterol seviyesinde toplam %23'liik bir
diistis saglamistir.ss Benzer etkiler serbest steroller ve
stanoller ile de goriilmiistiir..s Bu nedenle, birkag katilimei
sterol ve stanollerin sagliksiz beslenen kisilerde bile
kolesterol seviyelerini diisiirecegine dikkat ¢ekmistir.
Bununla birlikte, KKH'nin 6nlenmesi igin 0Onerilen
diyetler LDL'yi diisiirmekten daha fazlasimi saglar; diyet
lifi, esansiyel yag asitleri, vitaminler, mineraller ve meyve
ve sebzgle elde edilen faydali maddeler saglar.zs Bu
cilarinin ¢ogu sterol ve stanollerin
xrol bakimindan disiik, meyve,
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Sekil 2. Diisiik yogunluklu lipoprotein (LDL) kolesteroldeki
ylizde diisiislerin randomize plasebo kontrollii ¢alismalardan
elde edilen 6zet tahminleri, doza gére %95 giiven araliklariyla
birlikte. Her dairenin alani, her doz araligindaki denemelerdeki
toplam Kkisi sayisiyla orantilidir. Gosterilen gilinliikk doz araliklar
(parantez icindeki deneme kollar1 sayis1) 0,7 ila 1,1 gr (8), 1,5
ila1,99r(13),2,0ila2,4 gr (14),2,5ila2,9 gr (5), 3,0ila 3,4 gr
(13) ve 4,0 ila 4,2 gr (2) seklindedir. (Cocuklarda yapilan iki
caligma, dozlar ¢ocuklarda ve yetiskinlerde esdeger olmadigi
icin ¢gikarilmistir).

Sterol ve Stanollerin Etkileri Kolesterol Disiiriicii
ilaglarin Etkilerine Katkida Bulunuyor mu?

Statin tedavisi alan 167 yetiskin iizerinde yapilan bir
calismada, stanol ester margarin ilavesi LDL kolesterol
seviyelerini plasebo ilavesine gore %10 daha fazla
diistirmustiirs7 KKH'li hastalardass ve simvastatinz. ile
tedavi edilen ailesel hiperkolesterolemili yetigkinlerde
yapilan daha kiigiik c¢alismalarda LDL  kolesterol
seviyesinde sirasiyla %16 ve %20 ilave disisler
bulunmustur. Tip 2 diyabetli hastalar iizerinde yapilan
kiigiik bir calismada, pravastatin tedavisine stanol
esterlerinin eklenmesi LDL kolesterolde %14'liik bir diisiise
neden olmustur.es Steroller ayrica statinlerle tedavi edilen
hastalarda LDL seviyelerini diisirmustiir.ss Stanol ve
sterollerin  eklenmesi, genellikle LDL  kolesterol
seviyelerinde yalnizca %5 ila %7 oraninda ek bir disiis
saglayan statin dozunun iki katina ¢ikarilmasindan biraz
daha etkili gorinmektedir.sz,7s7

Tablo 3. Doza Gore LDL Kolesterolde Ortalama Yizde

Azalmalar*
Sterol ve LDL kolesterolde
stanol dozu Deneme kolu azalma (%)
(g/d) sayisi (%95 ClI)
0.7-1.1 8 6,7 (4.9-8.6)
15-1.9 13 8,5 (7.0-10.1)
2.0-2.4 14 8,9 (7.4-10.5)
>25 21 11,3 (10.2-12.3)

*Veriler stanolleri/sterolleri test eden 56 ¢aligma kolundan elde
edilmistir (cocuklarda yapilan 2 ¢alisma harig¢ tutulmustur). CI = gliven
araligl; LDL = diisiik yogunluklu lipoprotein.



Bu nedenle, statin alan ve ek kolesterol diistirmeye ihtiyag
duyan hastalar icin, diyetlerine stanol ve sterol eklemek
statin dozlarini arttirmaktan daha etkilidir ve bu segenegin
hiperkolesterolemili hastalar1 tedavi eden doktorlar
tarafindan dikkate alinmasi gerekir.

Kolesterol emiliminin neomisin ile engellendigi
diyabetli hastalarda, stanol esterlerinin eklenmesi LDL
seviyelerini %11 oraninda diistirmiistiir.7z Kolestiramin de
ek bir etki yaratiyor gibi goriinmektedirzs ancak sterollerin
ve stanollerin niasin ve ezetimibe ile kombine etkilerine
iligkin veriler gibi daha fazla veriye ihtiyag¢ vardir.

Hayvanlarda  Ateroskleroz  Uzerindeki  Etkileri
Nelerdir?
Steroller ve stanoller farelerde, tavsanlarda ve

hamsterlerde arteriyel lipid birikimini azalttizes2 ancak
yerlesik aterosklerozda gerilemeye neden olmadi.ss
Aterojenik diyetlerle beslenen tavsanlarda, bitki stanoli
tilketimi, serum kolesterol seviyelerinin belirgin sekilde
ylkselmesine  ragmen  arteriyel plak  gelisimini
engellemistir, bu da lipid seviyelerinin basitce
diigiiriilmesinden bagka bir siireci diigiindiirmektedir.so

KKH Riskinin Azaltilmasi i¢in Potansiyel Etki Nedir?

Ilag denemelerinden elde edilen veriler,sses LDL
kolesterol seviyelerinde yaklasik %10'luk bir disiisiin
iskemik kalp hastalig1 insidansini 5 yil i¢inde yaklasik %12
ila %20 oraninda azaltmasinin  beklenebilecegini
gostermektedir. Kohort ¢alismalarinin analizi, uzun vadeli
risk azalmasinin yaklasik %20 olacagini gostermektedir.ss
Higbir ¢alisma sterol ve stanollerin KKH insidansi
tizerindeki etkilerini dogrudan test etmemistir; bu nedenle
KKH iizerinde beklenen faydali etkinin tam olarak
gerceklesmemesi teorik bir olasiliktir. Bununla birlikte,
calistay katilimcilarinin ¢ogu LDL kolesterol diisiirticii
miidahalenin randomize ¢alismalarda test edildiginde
iskemik kalp hastalig1 insidansin1 azaltmada nadiren
basarisiz olduguna inanmaktadir.ss Diger katilimcilar, kesin
son noktalart olan bir c¢aligmanm sagladigi giivenceyi
istemektedir.

Bitki Sterolleri ve Stanolleri Kolesterol Diisiirmeye
Yonelik Klinik ve Halk Saghgi Yaklagimlarina Nasil
Dahil Edilmelidir?

Stanol ve sterollerin LDL seviyelerini %10 diisiiriicti
etkisi, enerjinin %8'inin doymus yag olarak tekli doymamis
ve ¢oklu doymamis yaglarla degistirilmesine benziyor.sr
Steroller ve stanoller, doymus yag ve kolesterol
bakimindan diisiik diyetlerle birlestirildiginde, %20 veya
daha fazla azalma elde edilebilir. Bitki stanollerinin ve
sterollerinin LDL_kolesterol seviyelerini diigiirmek igin

Arz1 Degisiklikleri diyeti bu
kalorinin <%7'si) ve

e ¢ozundr lif (10-25 g/gilin)

Terap6tik  Yasam Tarzi  Degisikliklerinin ~ diger
bilesenleri olan kilo verme ve fiziksel aktivitenin artirilmasi
ile ilave LDL diisiisii saglanabilir.

Margarinlerden elde edilen en uygun sterol/stanol
dozu, 2 g doymus olmak iizere 7 g yag ile tiiketilir;
disik yagli gida formlart da mevcuttur. Bu nedenle,
stanol ve sterol i¢eren gidalarin kullaniminin kilo veya
diger risk faktorleri lizerinde olumsuz etkileri olmasi
beklenmemektedir. Amerika Birlesik Devletleri'ndeki
mevcut ortalama LDL kolesterol seviyeleri ve nerilen
LDL kolesterol tedavi hedefleri temelinde, yaklasik 65
milyon ABD'li yetiskin bu yasam tarzi degisiklikleri i¢in
adaydir. Ayrica, ilag¢ tedavisi kullanildiginda bile terapotik
diyet hasta yoOnetiminin ayrilmaz bir pargasi olmalidir,
¢linkii kolesterol diisiiriicii ilaglarla tedavi edilen hastalar
diyetlerine bitki stanolleri/sterolleri eklendiginde ek
onemli LDL kolesterol diistisii elde eder ve LDL
hedeflerinde  olmayanlarin  ¢ogunun bu hedeflere
ulagsmasint saglar. Ayrica, bitki stanollerinin/sterollerinin
birlikte kullanimi daha diisiik dozda ilag kullanimina
olanak saglayabilir.

Bitki stanolleri/sterolleri ¢ocuklarda, o©zellikle de

ailesel hiperkolesterolemisi olanlarda yiksek LDL
kolesterol  seviyelerinin ~ klinik  yonetiminde  rol
oynayabilir. Daha diisiik dozda ilag kullanimini
kolaylastirabilir veya ilag tedavisine baglanmasini

geciktirebilirler.  Cocuklarda  bitki  stanolleri  ve
sterollerinin  kullanimina iliskin uzun vadeli veriler
eksiktir ve bu tiir verilere ihtiya¢ vardir. Bununla birlikte,
yetiskinlerde yapilan ¢aligmalardan elde edilen veriler,
cocuklar tarafindan kullanimla ilgili herhangi bir 6zel
endiseye isaret etmemektedir. Ozellikle cocuklar icin
onemli olan A vitamini (retinol) ve D vitamini seviyeleri,
yetiskinlerde sterol ve stanol kullanimindan etkilenmez.

GUVENLIK

Stanol ve sterollerin giivenligi ¢esitli diizenleyici
kurumlar tarafindan gozden gegirilmistir. ABD Gida ve
Ilag Idaresi, bitki sterol/stanol esterlerinin iireticiler
tarafindan Genel Olarak Giivenli Olarak Tanman (GRAS)
oldugunu kabul etmistir. Gida ve Ila¢ Idaresi de bitkisel
sterol/ stanol esterleri igeren gidalarm KKH riskini
azaltabilecegine dair bir iddiaya izin vermistir (8 Eyliil
2000 tarihli Federal Kayit [65 FR 54686]). Avrupa Birligi
Gidalar Bilimsel Komitesi, fitosterol ester margarinin
insan kullanimi igin giivenli oldugu sonucuna varmigtir
(http://europa.eu.int/comm/food/fs/sc/scf/out56_en.pdf).
Stanol ve sterol esterlerin kullanim verileri su anda
Amerika Birlesik Devletleri ve Avrupa'da 2 yila kadar ve
Finlandiya'da 5 yildan fazla siiredir mevcuttur ve herhangi
bir yan etki bildirilmemistir. Dolayistyla, risk ve fayda
dengesi olumlu gérinmektedir. Ancak, uzun vadeli (=5
yil) deneyim eksikligi, ongoriilemeyen etkilerin ortaya
¢ikma ihtimalini dogurmaktadir.


http://europa.eu.int/comm/food/fs/sc/scf/out56_en.pdf)

Hayvanlarda Yapilan Toksikolojik Testler Bitki Stanol
ve Sterollerinin Giivenligi Hakkinda Ne Sayliiyor?

Sicanlarda yapilan calismalar, stanol ve sterollerin
zayif bir gekilde emildigini dogrulamaktadir.ss Bitki stanol
ve sterolleri esas olarak adrenal bezlerde ve
yumurtaliklarda tespit edilmistir. Insanlarda Psitosterol,
adrenal bezlerde, testislerde ve term plasentalarda
kolesterol ile ayni yollart izleyerek pregnenelona
metabolize edilebilir.o Bitki stanollerinin ayni sekilde
metabolize edilip edilmedigi bilinmemektedir.

2 calismada, siganlara yiiksek dozlarda bitki sterol
esterleri ve stanol esterleri yedirilmistir.o192 Glinde viicut
agirliginin - kilogrami  basma 4,1 g bitki stanoliine
(insanlarda onerilen 2 g/giin dozundan yaklasik 150 kat
daha yiiksek) esdeger olan %5'lik en yiiksek dozda yagda
¢ozlinen vitaminlerde bir miktar azalma disinda herhangi
bir toksisite veya yan etki belirtisi goriilmemistir. Cok
nesilli sigan ¢alismalarinda,ss o4 bitki sterol esterleri, yemin
agirlikca %5'ine kadar iireme veya gelisim lizerinde hicbir
etki yaratmamustir. Bitki stanol esterleri i¢in, yiiksek doz
grubundaki yavrularn viicut agirhigi iizerinde tedaviye
baglh etkiler gortildiigiinden, Gézlemlenen Ters Etki Yok
Seviyesi orta doz olan %2,5 bitki stanoltddir.

Bitki sterolleri ve stanolleri igin teratojenik etkiye dair
bir kanit yoktur.s Bazi raporlar bitki sterolleri ve
stanollerinin Ostrojenik etkileri oldugunu soyliiyorse-os;
bununla birlikte, bitki sterolleri &strojen reseptoriine
baglanmaze ve ¢esitli in vitro ve in vivo deneylerde
stanoller i¢in Ostrojenik aktivite kaniti yoktur.io BitKi
sterolleri ve stanolleri in vitro (bakteriyel mutasyon
deneyi; insan lenfositlerinin metafaz kromozom analizi;
memeli hiicre gen mutasyon deneyi; memeli hicre
kromozom aberasyon deneyi) veya in vivo siganlarda
(sican karacigerinde programlanmamis DNA sentezi;
sican  kemik iliginde mikroniikleus indiiksiyonu)
genotoksik degildir.s 101,102

Bitki stanolleri ve sterollerinin artan tiiketimi kalin
bagirsaktaki kolesterol miktarint yiikseltmistir. Kolesterol,
bagirsak mikroflorast tarafindan  4cholesten-3-one'a
metabolize edilir ve saglikli goniilliilerin 4 hafta boyunca
8,6 g/giin fitosterol tiikketmesinin ardindan 4-cholesten-3-
one'un fekal konsantrasyonunda kiiciik bir artig
bulunmustur.is  4-Cholesten-3-one'un bazi in vitro
testlerde mutajenik oldugu bildirilmistir.i41s Bununla
birlikte, 4cholesten-3-one'un bakteriyel mutasyon testinde
ve in  vitro  kromozom  aberasyon testinde
degerlendirilmesi mutajenik aktiviteye dair bir kanit
ortaya koymamistir.ioz,106

Hayvan caligmalarinin  bir smirlamasi, insan ve
mikroflorasinin farkli olmasidir. Bu durum,

it} eri ve stanolleri ile kolesteroliin bagirsakta
'1- %asﬂeﬂlp‘gﬁb ze edildigini etkileyebilir. Ayrica, sigan ve

0 sastfointestinal  sistemleri  belirgin  sekilde
olarak, toksikolojik ¢alismalar dogal
gterollerle sinirli kalmistir. Eger stanol ve
Lyfnginlestirilmis Urlinler kizartma amaciyla

Meflksa, Oncelikle  stanol  ve  sterollerin
7 madakl stabilitesinin belirlenmesi gerekecektir.

Steroller ve Stanoller Fitosterollerin ve Stanollerin
Emilimini ve Plazma Seviyelerini Nasil Etkiler?

Normal bireylerde, 2 g/giin bitki sterolii alimi plazma
kampesterol seviyelerini yaklasik iki katina c¢ikarr;
sitosterol seviyeleri de artar. Artan stanol alimi plazma
seviyelerini yiikseltir, ancak stanol konsantrasyonlart her
zaman sterollerden 10 ila 100 kat daha diisiiktiirssss; Buna
ek olarak, stanol tiikketimi plazma sterol konsantrasyonlarini
azaltir.s146107 Sterol ester margarin tuketen deneklerde
plazmadaki bitkisel sterol konsantrasyonlari 0,6 ila 2,0
mg/dL arahigindadir.«04s Bu, fitosterolemi igin homozigot
olan hastalara gore 20 ila 100 kat daha diistiktiir.

Fitosterolemi (sitosterolemi olarak da bilinir) son
derece nadir goriilen resesif bir hastaliktir.s0s Homozigot
durum, genig bir belirsizlik pay1 ile yaklasik 5 milyon
kisiden 1'inde goriiliir. Hastalar erken ateroskleroz ve
KKH'ye yatkindir. Homozigot bireylerde sitosterol
emilimi normal kisilerde %5 veya daha az iken tipik
olarak %15 ila %?25'tr ve atilim azalir. Plazma
konsantrasyonlari i¢in tipik araliklar sitosterol i¢in 14 ila
65 mg/dL ve kampesterol igin 7 ila 21 mg/dL'dir.
Bagirsak  ABCGS5 ve ABCGS8 tasiyicilarindaki
mutasyonlar en azindan bazi fitosterolemi formlarindan
sorumludur. 14,1s,109

Heterozigot  kisilerde  (yaklastk  1100'de 1),
fitosterollerin emilimi normalio veya %15'e kadar
olabilirs ancak karaciger tarafindan uzaklastirilmasi hizh
oldugu i¢in viicut havuzlart biiyikk olgiide yiikselmez.
Heterozigot kisilerde bitki sterollerinin plazma seviyeleri
normal veya hafifce ylksektir.iu Bir g¢aligma, sterol
margarin  tlketiminin fitosterolemi icin heterozigot
kisilerde plazma kampesterol konsantrasyonlarini 2 ila 3
kat artirdigint ve bunun mutasyonu olmayan kigilerdeki
etkiye benzer oldugunu gostermistir.112 Bu gliven vericidir
cunki  heterozigotluk  homozigotluktan ¢ok daha
yaygindir ve heterozigotluk genellikle tespit edilmez.

Bitki Sterolleri ve Stanollerinin Emilimi Aterosklerozu
Tesvik Eder mi?

Aterom lezyonlarinda steroller ve stanoller bulunmustur.
Hafif hiperfitosterolemi kalitsaldirus ve artmis erken
KKH riski ile iliskilidiruss; homozigot fitosterolemili
hastalarda erken aterosklerozun dolasimdaki sitosterol ve
kampesteroliin aterojenik etkisinden kaynaklandigi one
striilmiistiir. Ancak, fitosterolemili hastalardaki yiiksek
ateroskleroz orani, genetik bozuklugun diger sonuglarina

bagli olabilir.

Bazi calistay katilimcilari, bitki sterol esterleriyle
zenginlestirilmis gidalarin tiiketimiyle plazma
sterollerinde meydana gelen hafif artisin, LDL

kolesteroliindeki diisiisiin ateroskleroz iizerindeki yararli
etkisini azaltabilecegine inanmaktadir.



Tablo 4. Stanol/Sterollerin Randomize Plasebo Kontrollii Cahsmalarinda Vitaminlerin Serum Konsantrasyonlarindaki
Ortalama Degisim (%95 CI)*

Toplam serum

kolesteroliindeki degisime

Ortalama gore ayarlanmis ortalama
Vitamin Deneme sayis1 degisiklik (%) degisim (%) Referanslar

a-Tokoferol 15 -5,9 (-8,0ila-3,8) -2,1(-0,3 ila—+4,5) 16,18,32,35,38,42,46,48,50,52,54,56,59,62,116
(P<,001) (P<,001)

Alfa karoten 13 -8,7 (-13,8ila-3,5) —0,3 (-5,7 ila—+5,2) 18,32,35,42,46,48,50,52,54,56,59,62,116
(P<,001) (P<,001)

Beta karoten 15 -19,9 (-24,9 ila-15,0) -12,1 (17,4 ila-6,8) 18,32,35,38,42,46,48,50,52,54-56,59,62,116
(P<,001) (P<,001)

Likopen 13 -7,3(-13,1ila-1,4) -0,1(-6,1ila—+5,9) 16,18,32,35,39,40,42,46,52,56,59,62,116
(P=,01) (P=NS)

Retinol 14 -0,1 (-1,6 ila—+1,5) Yok 18,32,38,42,46,48,50,52,54-56,59,62,116

Vitamin D 10 —+0,5 (-2,6 ila—+3,6) Yok 16,38,42,46,48,52,54-56,62

*Sadece >1,5 g/giin dozlarini test eden ¢alismalar dahil edilmistir. CI = giiven aralig1; Yok = gegerli degil; NS = anlamli degil.

Digerleri, eger varsa, bu etkinin plazma LDL'sindeki
azalma ile tamamen telafi edildigine inanmaktadir. ABC
tagtyicilarindaki  kusurlarin ~ fitosterolemili hastalarda
ateroskleroz ve KKH'ye neden oldugu mekanizma iizerine
yapilacak daha ileri calismalar bu noktayr agikliga
kavusturabilir. Bununla birlikte, 6n veriler olmasina
ragmen mevcut veriler, sadece normal deneklerin degil
ayn1 zamanda fitosterolemi i¢in heterozigot deneklerin de
olumsuz  etkiler = olmaksizin  bitki  sterollerini
tilketebilecegini gostermektedir.ir

Stanoller ve Steroller Yagda Coéziinen Vitaminlerin
Plazma Diizeylerini Nasil Etkiler?

Etkinlikle ilgili metaanalizde tanimlanan sterol ve
stanol ¢alismalarindan (Tablo 1), 1,5 g/gin veya daha
fazla dozlart test eden 18 c¢aligma yagda ¢06ziinen
vitaminlerin plazma konsantrasyonlarini bildirmistir.
Tablo 4 denemeler arasindaki ortalama degisiklikleri
Ozetlemektedir.  Hidrokarbon  karotenlerin  plazma
konsantrasyonlarinda istatistiksel olarak anlamli disiisler
meydana gelmistir: alfa karoten %9, beta karoten %28 ve
likopen %7. Bu azalmanin bir kismi muhtemelen
karotenlerin emiliminin azalmasindan, geri kalani ise
lipoprotein tasiyici LDL konsantrasyonlarinin
azalmasindan kaynaklanmaktadir; stanoller ve steroller
tarafindan indiiklenen toplam kolesteroldeki azalma
dizeltildikten sonra, beta karoten igin istatistiksel olarak
anlamli bir azalma kalmistir, ancak alfa karoten veya
likopen i¢in azalma olmamistir. a-Tokoferoldeki azalma
da benzer sekilde kolesteroldeki azalma ile agiklanmistir

2 Beta karotenin azalmasi, diyete yeterli miktarda

kumarin dozunda o6nemli bir degisiklik
oy stir, bu da K vitamini durumunun
degismedigini gostermektedir.i17

Karotenlerin Azalmis Emilimi ve/veya Azalmis
Plazma Seviyeleri Saghk Riski Olusturur mu?

Dolasimdaki karotenoidleri azaltabilen maddeler teorik
bir halk sagligi sorunu olusturmaktadir ¢linkii dolasimdaki
karotenoidlerin diigiik seviyeleri KKH, bazi kanserler ve
makiler dejenerasyon dahil olmak tizere cesitli kronik
hastalik  riskinin  artmasiyla iliskilendirilmistir.11s-120
Gozlemsel c¢aligmalarda, Iutein makiiler dejenerasyonla,
beta karoten akciger kanseriyle, likopen prostat kanseriyle
ve dolagimdaki tiim ana karotenoidler KKH ile ters orantili
olarak iligkilendirilmistir.120

Bitki stanolleri ve sterollerinin serum karotenoid
seviyelerinde neden oldugu diisiis miktari, dolasimdaki
seviyeleri etkileyen diger diyet faktorleri baglaminda
degerlendirilmelidir. Bugday kepegi ile birlikte kakao
tiketimi likopen ve lutein emilimini 6nemli o6lgide
engeller..i  Olestra (8 g/gun) tiketen gonallulerin beta
karoten seviyeleri 8 hafta sonra kontrol grubuna gére %38
daha disiiktii.iz  Ayrica, bazi lipid disiiriicii ilaglar
(probucol ve cholestyramine) beta karoten seviyelerinde,
ilaglarin tek bagma LDL disiiriicii etkilerinden beklenenin
otesinde diisiislere neden olur.12s Epidemiyolojik ¢alismalar,
cesitli karotenoidler ve hastalik sonuglart arasindaki
iligkilerin nedensel mi yoksa karistirict faktorlerden mi
kaynaklandigini belirleyemez. Birkag randomize g¢alisma,
ilave beta karotenin kanser ve KKH (zerindeki etkilerini
test etmistir.124128 Bu denemeler hi¢bir fayda saglamamakta
ve sigara igenlerde zarar verdigine dair kanitlar
gostermektedir.i4126  Bu  durum, beta  karotenin
kemoprotektif bir ajan olma 6zelligini zayiflatmaktadir.
Yine de, takviye denemelerinin stanoller ve steroller
tarafindan indiiklenen plazma karotenoidindeki azalmalarin
etkisini tahmin etmekle ilgili olup olmadig1 acik degildir.



Bu azalmalarm bir kismi, yagda ¢dzlinen vitaminler
icin tastyict olan dolasimdaki LDL seviyelerindeki
diisiislerden kaynaklanmaktadir. Statinlerin kullanildig: 2
biiylik birincil 6nleme caligmasinda (her biri ortalama 5
yillik takip), LDL seviyelerindeki biiyiik disiisler
herhangi bir kanserde artis ile iliskili bulunmamuistir.ssss
Bu ilaglari karotenoid seviyeleri lizerindeki etkileri rapor
edilmemistir; dolayisiyla, bu c¢alismalarin karotenoid
azalmasi agisindan yorumlanmasi biraz spekiilatiftir.

Safra asidi tutucu bir recine olan Kolestiramin,
dolasimdaki karotenoid seviyelerini LDL'in
diisiiriilmesine bagli olarak beklenen diigiisten daha fazla
azaltir. Lipid Arastirma Klinikleri Koroner Birincil
Onleme Calismasi'ndae LDL seviyelerindeki %19'luk
diisiise kryasla, 1 yillik miidahalenin ardindan 3806
erkekte toplam karotenoid seviyeleri %26 azalmustir.
Karotenoid seviyelerindeki bu biiyiik diisiise ragmen,
koroner olaylardaki azalma tam olarak serum
lipidlerindeki  degisikliklerin ~ Ongordiigii  sekilde
olmustur.i30 Calismanin kanser son noktalari igin giicii
yetersiz olmasina ragmen, deneme i¢i (10 yila kadar
takip) ve deneme sonrasi (6 yillik ek takip) deneyim,
plasebo grubuna kiyasla miidahale grubunda karotenoid
baglantili  kanserlerde hafif bir azalma oldugunu
gostermistir.ia1

Ozetle, sterol/stanol alimma bagli olarak azalan
karotenoid seviyeleri ile iliskili riskler bu noktada
teoriktir, ancak bu konuyu tam olarak ele almak igin
¢aligmalarin daha uzun siire takip edilmesi arzu edilir.

Steroller ve Stanoller Hormonlar Dahil Tedavi Edici
ilaglarin Emilimine ve Etkisine Miidahale Eder mi?

Sterol/stanoliin terapétik ilaglarin emilimi ve etkisi ile
etkilesimi hakkinda bilgi smirlidir. 318 katilimer iizerinde
yapilan 8 haftalik bir ¢alismada, stanol aliminin ilaglarla
olumsuz bir etkilegimi olmadig: bildirilmistir.ss Diyabetli
hastalarda, stanollerin diyabetik kontrol Uzerinde bir etkisi
olmamistir.so

Stanoller ve steroller teorik olarak siklosporin
emilimini engelleyebilir; daha fazla ¢alismaya ihtiyag
vardir. Cok az hasta siklosporin alir ve seviyeler yakindan
izlenir. Ancak, transplantasyon birimleri bu potansiyel
etkilesimin farkinda olmalidir.

Stanoller ve Steroller veya Metabolitleri
Kolonda Olumsuz Etkilere Sahip Olabilir mi?

Bitki sterolleri ve stanollerinin tiiketimi, kolesterol ve
abglitlerinin fekal atilmimi artirir. 1960'larda  ve
safra asitleri ve kolesterolin bakteriyel
T\n  kolon kanserinin  olusumunda rol

Bununla birlikte, insanlarda yapilan ileriye doniik bir
calisma, bitki sterollerinin kolon veya rektum kanserine
karg1 herhangi bir koruyucu etkisini desteklememistir.2:
Dolayistyla, bitki stanolleri ve sterollerinin kolon
karsinogenezine katkida bulundugunu veya oOnledigini
gosteren ikna edici veriler bulunmamaktadir.

Stanol ve Sterollerin Giivenli Ust Alim Seviyesi Nedir?
Uygulamada Bu Diizeyin Asilmasi Muhtemel mi?

Daha 6nce Ozetlenen kanitlar, onerilen 2 g/giin sterol
ve stanol alimmm LDL Kkolesterol seviyelerini etkili bir
sekilde diislirdiigiinii, ciddi bir yan etki yaratmadigint ve
endise  verici  bir saglik riski  olusturmadigini
gostermektedir. Bazi tiiketiciler, stanoller ve sterollerle
zenginlestirilmis genis bir iirtin yelpazesi tiiketirlerse daha
yiksek alim seviyelerine ulasabilirler. Bu kadar yiiksek
alimlarin zarara neden olduguna dair bir kanit yoktur.
Bununla birlikte, stanol ve sterol aliminin 2 g/gilin'iin
iizerine ¢ikarilmast LDL'yi ¢ok az diisiiriir ve bu nedenle
tavsiye edilmez.

GELECEKTE YAPILMASI ONERILEN ARASTIRMALAR
Sterol/Stanol Uriinlerini Kimler Tiiketiyor ve Genel
Popiilasyondaki Etkinlikleri Nedir?

Finlandiya'da yapilan bir arastirmadais Bitki stanol
esterli margarin kullanan kisilerin %46'sinda
kardiyovaskiiler hastalik oldugu bildirilmistir. Kullanicilar
cogunlukla 55 yas ve {izerindedir, daha iyi egitimlidir ve
kullanmayanlara gore daha yiiksek gelire sahiptir. Ayrica
daha saglikli bir yasam tarzlari vardi. Kullanicilarin
baslangictaki kolesterol seviyeleri veya sterol ve stanol
bakimidan zengin gidalar toplumlara sunuldugunda elde
edilen kolesterol diisiirme derecesi hakkinda higbir veri
mevcut degildir. Bu nedenle, sterollerin ve stanollerin
genel popiilasyondaki etkinligi (etkinlik ile uyumluluk
carpimi) hala belirsizdir.

Pazarlama Sonrasi Gozetim (Lansman Sonrasi izleme)
Yapiliyor mu ve Ongoériilemeyen Etkilerin Tespit
Edilmesinde Yararhh mi?

Finlandiya'da yaklagitk 2500 stanolli  margarin
kullanicist ve eslestirilmis kontroller takip edilmekte olup,
ulusal hastalik ve 6liim kayitlar1 kohort ile iliskilendirilerek
hem yararli hem de olumsuz olasi uzun vadeli saglik
etkileri belirlenecektir.iss Degerli olmasina ragmen, bu
calismanin nadir goriilen advers etkileri tespit etme giicii
muhtemelen sinirlidir.  Randomize olmayan tasarim,
gozlemsel calismalarda kacinilmasi zor olan karisikliklara
da yol agmaktadir. Telefon yardim hatlar1 kurulmustur ve
stanol ve sterol margarinlerin kendiliginden bildirilen
olumsuz etkileri izlenmektedir.

Zor Son Noktalan (Hastallk ve Oliim) Olan Bir
Deneme Gerekli mi?
Randomize bir klinik ¢alisma, stanollerin ve sterollerin
KKH'yi azaltmadaki etkinligi hakkinda kesinlik
saglayabilir.



Diger diyet faktorleri i¢in oldugu gibi, boyle bir
aragtirmanin maliyeti ve fizibilitesi oldukca yiiksektir.
KKH'de 5 yil i¢inde beklenen %12 ila %20'lik azalmay1
gostermek icin gereken KKH hasta sayis1 10.000 ila
15.000 olacaktir. Saglikli bireylerde olay oranlari daha
diisiik ve gerekli sayilar orantili olarak daha yiiksektir.
Ornegin, toplam kolesterolde %6'lik bir diisiisle (LDL
kolesterolde %9'luk bir diisiise karsilik gelir), %86'lik bir
giicle KKH'de beklenen %14'lik disiisii gdstermek igin
50.000'e yakin postmenopozal kadmin randomize
edilmesi ve 9 yi1l boyunca takip edilmesi gerekebilir.1ss 137
Dahasi, boyle bir ¢aligma uzun vadeli advers etkilerin
yoklugu konusunda tam bir glivence saglamayacaktir
¢linkli bunlar muhtemelen nadirdir ve klinik bir ¢aligma
bunlar1 tespit etmek i¢in ciddi sekilde yetersiz kalacaktir.

Kardiyovaskiiler hastaliklarin dnlenmesinde beklenen
etkinligi desteklemek i¢in vekil sonlanim noktalarina
sahip calismalar kullanilabilir. En ikna edici vekil sonug,
karotid arterin intima-media kalinliginin ilerlemesinde bir
azalma olacaktir ve bazi ¢alistay katilimcilar1 boyle bir
¢aligsmanin baglatilmasimnin faydali olacagina
inanmaktadir. Bununla birlikte, c¢ogu kisi mevcut
kanitlarin sterol ve stanollerin kullanimimi tesvik etmek
icin yeterli oldugu konusunda hemfikirdir.

SONUCLAR
Bol miktarda kanit, glinde 2 g sterol ve stanol tiiketiminin
LDL seviyelerini %10 oraninda disiirdiiglini  ve
epidemiyolojik verilere ve kolesterol diisiiriicti ilaglarla
yapilan denemelere dayanarak, uzun siireli kullanimin
KKH riskini ilk 5 yilda %12 ila %20 ve yasam boyu %20
oraninda azaltacagini gostermektedir. Sterol ve stanollerin
giivenlik testleri, yaygin olarak yenen ve genel olarak
giivenli kabul edilen siradan gida maddelerinin testlerini
asmistir.  Bitki sterollerinin  dolagimdaki emiliminin
olumsuz etkileri yetiskinlerde biiyiik dlciide varsayimsal
gorinmektedir. Plazmadaki beta karoten seviyelerinde
gozlenen disiislere bagli olumsuz saglik sonuglari
spekiilatiftir ve Onemli bir endise kaynagi degildir.
Giivenlik, bu gidalar1 tiiketen genel niifustan alinan
orneklerin  takibiyle izlenmektedir; ancak bu tir
caligmalarin, varsa nadir goriilen olumsuz etkileri tespit
etme giicti snirlidir. Bir klinik ¢aligma son derece pahali
olacaktir ve muhtemelen seyrek goriilen yan etkilerle ilgili
kalan sorulari yamitlamayacaktir. Intimamedia kalinhig
g1b1 Vekll sonlanim noktalartyla yapilan ¢alismalar,
: g sterollerln aterosklerozun ilerlemesini

(B
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Efficacy and Safety of Plant Stanols and Sterols in the
Management of Blood Cholesterol Levels

MarTIIN B. KaTan, PHD; Scott M. GrunpY, MD, PHD; PeTER JONES, PHD; M ALcowm Law, FRCP;
Tatu MiETTINEN , MD, PHD; anD RoboLro PaoLeTTi, MD, PHD, FOR THE STRESA WORKSHOP PARTICIPANTS

Foods with plant stanol or sterol esters lower serum cho-
lesterol levels. We summarize the deliberations of 32 ex-
perts on the efficacy and safety of sterols and stanols. A
meta-analysis of 41 trials showed that intake of 2 g/d of
stanols or sterols reduced low-density lipoprotein (LDL)
by 10%; higher intakes added little. Efficacy is similar for
sterols and stanols, but the food form may substantially
affect LDL reduction. Effects are additive with diet or
drug interventions: eating foods low in saturated fat and
cholesterol and high in stanols or sterols can reduce LDL
by 20%; adding sterols or stanols to statin medication is
more effective than doubling the statin dose. A meta-
analysis of 10 to 15 trials per vitamin showed that plasma
levels of vitamins A and D are not affected by stanols or
sterols. Alpha carotene, lycopene, and vitamin E levels
remained stable relative to their carrier molecule, LDL.
Beta carotene levels declined, but adverse health outcomes
were not expected. Sterol-enriched foods increased plasma
sterol levels, and workshop participants discussed whether
this would increase risk, in view of the marked increase of
atherosclerosis in patients with homozygous phytosterol-
emia. This risk is believed to be largely hypothetical, and
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any increase due to the small increase in plasma plant
sterols may be more than offset by the decrease in plasma
LDL. There are insufficient data to suggest that plant
stanols or sterols either prevent or promote colon carcino-
genesis. Safety of sterols and stanols is being monitored by
follow-up of samples from the general population; how-
ever, the power of such studies to pick up infrequent in-
creases in common diseases, if any exist, is limited. A trial
with clinical outcomes probably would not answer remain-
ing questions about infrequent adverse effects. Trials with
surrogate end points such as intima-media thickness might
corroborate the expected efficacy in reducing athero-
sclerosis. However, present evidence is sufficient to pro-
mote use of sterols and stanols for lowering LDL choles-
terol levels in persons at increased risk for coronary heart
disease.

Mayo Clin Proc. 2003;78:965-978

ABC = ATP (adenosine triphosphate)-binding cassette;
ABCG5 = ABC subfamily G, member 5; CHD = coronary
heart disease; LDL = low-density lipoprotein; NCEP = Na-
tional Cholesterol Education Program

:) ietary therapy is the cornerstone of strategies to lower
serum low-density lipoprotein (LDL) cholesterol lev-
els and reduce the risk for coronary heart disease (CHD).
Incorporating foods fortified with plant sterol and stanol
esters into the daily diet can substantially enhance the
cholesterol-lowering effect of diet, including in patients
who are already taking statin drugs. Thus, the recent intro-
duction of stanol- and sterol-enriched foods in many parts
of the world2is an important development because CHD
is the leading cause of morbidity and mortality worldwide.
We summarize the deliberations of 32 experts on lipids,
nutrition, and heart disease who met in Stresa, Italy, on
March 7-9, 2001, under the auspices of the Nutrition Foun-
dation of Italy to discuss the efficacy, safety, and future
research required on plant sterols and stanols. (Note that
throughout this article, quantities of sterol and stanol esters
are expressed as the equivalent weights of free [ie, un-
esterified] sterols and stanols.)

BACKGROUND
Sterols have cellular functions in plants analogous to those
of cholesterol in animalgthe structures of 2 major plant

© 2003 Mayo Foundation for Medical Education and Research
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studies used amounts of 1500 to 3300 mg/d of plant stanols
or sterols in their esterified, fat-soluble forms. These
amounts are much higher than the typical daily intake. In
Western populations, the intake of sitosterol is about
150 to 350 mg/d and that of stanols is about 15 to 50
mg/d-2 Vegetarians consume about 325 mg/d of sitos-
terol and about 60 mg/d of campestétdlhus, the usual
daily intake of plant sterols and stanols ranges from 150 to
400 mg/d.

Cholesterol The cholesterol-lowering effect of extremely high in-
takes of plant sterols (10-20 g/d) was recognized in the
1950s through the 197&%2*and reviewed by 2 pioneers

in the field? Cholesterol balance studies established that
this effect was due to reduced cholesterol absorftion.
However, widespread use of plant sterols as cholesterol-
lowering agents was limited by the bulk and taste of large
amounts of these agents and by the introduction of more
effective cholesterol-lowering agents. Subsequent studies
B-Sitosterol Sitostanol and demonstration of CHD risk reduction in cholesterol-
lowering clinical trials renewed interest in plant sterols. An
amount of 3 g/d was as effective as higher amounts in
Figure 1. Structures of sterols. Cholesterol is the sterol of mam-reducing cholesterol absorption if presented in appropriate
_mal_ian cells.3-Sitosterol is the most common sterol in plants; physical form?® Mattson et af suggested the esterification

It differs from cholesterol by having an ethyl group attached at process to make plant sterols soluble in dietary fat. Esterifi-

C-24. Hydrogenation of the 5,6 double bondBetitosterol con- : . . . -
verts it into sitostandl.Campesterol and campestanol carry a Cation of sitostanol or sitosterol with fatty acids was found

HO HO

methyl instead of ethyl group at C-24. to enhance both their solubility in mayonnaise and marga-
rines and their dispersion in the intestine, thereby promot-
sterols and cholesterol are compared in FigGyeMore ing their efficacy.

than 40 plant sterols (or phytosterols) have been identified, Margarines containing either plant stanol or sterol es-
but sitosterol, campesterol, and stigmasterol are the mosters are marketed in many countries. Other formulations,
abundant. Stanols are saturated sterols (they have ndncluding yogurt, cream cheese spreads, and cereal bars,
double bonds in the sterol ring structure). The major planthave been introduced in some countries, and cereals and
stanols are sitostanol and campestanol; they are much lesBuit juice containing free (ie, unesterified) plant sterols
abundant in nature than sterols. Whereas about 50% ofnd stanols are being test-marketed in the United
cholesterol is absorbed in the intestinal tract, plant stanolsStates'!-?®
and sterols are absorbed much less: absorption is about Given the increased marketing of these products, a re-
10% to 15% for campesterol and campestanol, 4% to 7%view of efficacy and safety is timely.
for sitosteroF8and 1% for sitostandlFoods enriched with
plant stanol or sterol esters lower serum cholesterol levelsEFFICACY
by reducing intestinal absorption of cholestéfét2Stanol What Is the Effect of Various Sterols and Stanols on
(and presumably sterol) esters are hydrolyzed in the uppeiPlasma Lipoproteins?
small gut®® Free stanols and sterols presumably displace Data from published randomized trials that tested foods
cholesterol from mixed micelles and thereby reduce intesti-containing stanols or sterols are summarized in Table
nal cholesterol absorption, but the exact mechanism is1511618.28-68ata from these trials updated a previous meta-
unknown. The effects of stanols and sterols probably in- analysis®* The trials were identified from MEDLINE and
volve the ATP (adenosine triphosphate)-binding cassettefrom review articles and by questioning the expert patrtici-
(ABC) subfamily G, member 5 (ABCG5) and ABCG8 pants at our workshop. In total, 41 trials were identified,
transporter proteins. These membrane proteins selectivelywith 58 treatment arms or periods and 41 placebo arms or
pump phytosterols from the enterocytes into the intestinal periods. The sterols and stanols were esterified except in 2
lumen, thus keeping their absorption I&W. trials in which they were directly solubilized in fat-contain-
The lowest amount of sterols and stanols tested in hu-ing foods. The stanols and sterols were added to margarine
man trials is about 700 to 1000 mgfd Most recent (or to mayonnaise, olive oil, or butter in 7 trials), and
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Table 1. Randomized Double-Blind Trials Comparing Foods With and Without Added Plant Stanols or Sterols*

No. of participants

Placebo-adjusted

reduction in
Cross- . Mean serum LDL

over Parallel trials age Duration Stanol Dose cholesterol

Reference Country trials Treatment  Placebo (y) (wk) or sterol (g/d) (mg/dL)
Williams et at® United States 19 NA NA 4 4 Stanol 1.0 11
Tammi® Finland 72 NA NA 6 13 Stanol 1.6 8
Vissers et al The Netherlands 60 NA NA 23 3 Sterol 2.1 8
Matvienko et at United States NA 17 17 23 4 Sterol 2.7 17
Plat et a? The Netherlands 39 NA NA 31 4 Sterol 25 12
Plat & Mensink® The Netherlands NA 70 42 33 8 Stanol 4.0 14
Jones et & Canada 22 NA NA 35 1.4 Sterol 1.6 12
Mensink et &P The Netherlands NA 30 30 36 4 Stanol 3.0 15
Hendriks et af The Netherlands 80 NA NA 37 3.5 Sterol 0.8 8
Sterol 1.6 10
Sterol 3.2 12
Niinikoski et af® Finland NA 12 12 37 5 Stanol 3.0 19
Mussner et &l Germany 63 NA NA 42 3 Sterol 1.8 10
Hallikainen & Uusitup#  Finland NA 38 17 43 8 Stanol 2.3 18
Sierksma et & The Netherlands 76 NA NA 44 3 Sterol 0.7 7
Weststrate & Meijef The Netherlands 80 NA NA 45 3.5 Stanol 2.7 16
Sterol 3.2 17
Miettinen & Vanhanett Finland NA [7] 8 45 9 Sterol 0.8 10
NA [9] NA NA NA Stanol 1.0 11
Davidson et df United States NA 21 21 45 8 Sterol 3.0 5
Vanhanen et & Finland NA 34 33 46 6 Stanol 3.4 13
Vanhanen et & Finland NA [7] 8 47 6 Stanol 0.8 11
NA [7] NA NA NA Stanol 2.0 21
Homma et &f Japan NA [34] 34 a7 4 Stanol 2.0 13
NA [36] NA NA NA Stanol 3.0 10
Vanstone et & Canada 15 NA NA 48 3 Sterol 1.8 16
Stanol 1.8 16
Hallikainen et &f Finland 34 NA NA 49 4 Sterol 2.1 17
Stanol 2.0 21
Miettinen et & Finland NA [51] 51 50 52 Stanol 1.8 16
and Gylling et &f NA [51] NA NA NA Stanol 2.6 22
Jones et & Canada NA 16 16 50 4 Stanol 1.7 25
Gylling et af® Finland 22 NA NA 51 7 Stanol 3.0 20
Christiansen et # Finland NA [47] 44 51 26 Sterol 15 18
NA [43] NA NA NA Sterol 3.0 19
Hallikainen et af Finland 22 NA NA 51 4 Stanol 0.8 3
Stanol 1.6 10
Stanol 2.3 18
Stanol 3.0 20
Volpe et af* Italy 30 NA NA 51 4 Sterol 1.0 13
Jones et & and Canada 15 NA NA 52 3 Stanol 1.8 10
Raeini-Sarjaz et & Sterol 1.9 22
Neil et af® Britain 29 NA NA 52 8 Sterol 25 20
Gylling & Miettinerr Finland 21 NA NA 53 5 Stanol 2.4 17
Nguyen et &b United States NA 77 76 53 8 Stanol 2.0 8
Stanol 3.0 17
Andersson et &l Sweden NA 19 21 55 8 Stanol 2.0 11
Blair et af’ United States NA 71 77 56 8 Stanol 3.0 15
Tikkanen et &F Finland NA 36 35 56 5 Sterol 0.9 10
NA 36 35 56 5 Sterol 1.9 14
NA 36 35 56 5 Sterol 4.2 15
Noakes et & Australia 46 NA NA 57 3 Sterol 2.3 13
Stanol 2.5 16
35 NA NA 57 3 Sterol 2.0 15
Gylling & Miettinent® Finland 11 NA NA 58 6 Stanol 3.0 20
Nigon et af* France 53 NA NA 58 8 Sterol 1.6 9
Maki et af? United States NA [90] 39 59 5 Sterol 1.1 17
NA [90] NA NA NA Sterol 2.2 20
Nestel et & Australia 15 NA NA 60 4 Sterol 2.4 23

*Brackets indicate multiple treatment groups. LDL = low-density lipoprotein; NA = not applicable.
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Table 2.Summary Estimates From 2.5 g/d) and 9.7% (95% confidence interval, 8.5%-10.8%)
Randomized Placebo-Controlled Trials of the in 21 trials testing sterols (mean dose, 2.3 g/d). The differ-
Absolute and Percentage Reductions in ence was not significant although the comparison lacked the
LDL Cholesterol According to Age* statistical power to detect a moderate difference. Therefore,
Mean age of Reductions in LDL cholesterol these trials cannot support a claim that either is better than
trial subjects ~ No. of trial _Absolute (mg/dL) the other. Although increases in high-density lipoprotein
V) arms (95% ClI) % (95% ClI) levels and reductions in triglyceride levels have been seen
26 2 8 (7-9) 8.0 (5.2-10.8)  sporadically**stanols and sterols in general produced little
20-29 2 11 (2-19) 10.0(7.0-13.0)  or no change in high-density lipoprotein or very low-density
2050 o 2 ggi‘?‘g 02 Egg:g:gg lipoprotein cholesterol, so the absolute reductions in LDL
50-60 26 16 (14-18) 9.6 (8.4-10.7)  and total cholesterol levels were almost identical. Stanols

*Data are from 50 trial arms (in adults) that tested daily doses of s’[anols/lcwve_r LL:S)L levels by |nh|b|t|ng LDL aPOIIpOprqtem B pl’(?- .
sterols of=1.5 g/d. CI = confidence interval; LDL = low-density lipo- duction® The response curve for apolipoprotein B was simi-

protein. lar to that for LDL cholesterol, suggesting that stanols and
sterols lower LDL by reducing the number of particles rather
placebo margarines or other foods were used to make théhan their size or compositid#®
trials double-blind. In each trial, the average placebo- The effect of stanols and sterols on plasma lipoproteins
adjusted reduction in LDL cholesterol was calculated. Us- is primarily established within a few weeks, and it re-
ing STATA statistical software (Stata Corp, College Sta- mained stable in studies lasting 1 y&dn these studies,
tion, Tex), we determined the average reduction in LDL treatment with 1.8 g/d of stanols lowered LDL cholesterol
cholesterol across all the trials and across specified subby 8.5% after 1 yedr,and treatment with 1.6 g/d of sterols
groups of trials. A random effects model was used; how- lowered LDL cholesterol by 5.9% after 1 y&aboth rela-
ever, there was no statistically significant heterogeneity tive to the change in the concurrent placebo group. The
between trial results. Therefore, the summary estimates aréssue of whether this shows a difference in long-term effi-
equivalent to weighting the result of each trial by the in- cacy between sterols and stanols was debated extensively by
verse of its variance. The subjects in these trials often werehe experts, but firm conclusions are impossible because the
selected for having relatively high cholesterol levels, but data are limited to single studies, the doses were somewhat
the effect of such selection proved slight because the averdifferent, and there are no hard data on compliance. More
age LDL cholesterol levels in the placebo groups were information on these long-term effects obviously is needed.
close to the age-specific average values for northern Eu-
rope where most of the trials were done (mean LDL valuesWhat Is the Effect of Formulation?
in the placebo groups across all trials were 137 mg/dL or The physical form of the sterols and stanols is impor-
3.55 mmol/L at ages 45-54 years and 161 mg/dL or 4.17tant. Free (ie, unesterified) sterols and stanols can have the
mmol/L at ages 55-64 years). Trials in children with famil- same effect on plasma lipoproteins as stanol and sterol
ial hypercholesterolemia were not included in the analysis esters?® however, the matrix and emulsification are im-
and are discussed separately. portant, and negative results are comitidrnerefore, new
The absolute placebo-adjusted reduction in LDL choles- food forms should be evaluated for efficacy if they differ
terol produced by sterols and stanols increases with ageagreatly from previously tested forms. One sttidjpowed
(Table 2); this may be due to the increase of the baselinghat free stanols emulsified with lecithin reduced choles-
values of LDL cholesterol with age. The percentage reduc-terol absorption by 37% in single-meal tests. There is also
tion in LDL cholesterol did not vary significantly with age. evidence for efficacy of free plant sterols dissolved in
The percentage reduction in LDL cholesterol as a func- diacylglycerol® and of plant sterol and stanol esters incor-
tion of dose is shown in Figure 2 and Table 3. The effect porated into low-fat products such as bread and cé&teals
appeared to taper off at intakes of about 2 g/d or more, andow-fat yogurt.
there is little additional effect at doses higher than 2.5 g/d  The effects of dimethylsterols from rice bran on lipopro-
(Table 3): The maximum effect is an estimated 11.3%. In teins are less than those of sterols derived from cholesterol,
the trials, testing doses of 0.7 to 1.1 g/d suggested thasuch as sitosterol (Figure %1).
approximately half the effect may be attained at this dose.
In an analysis that excluded 2 trials in children and 8 low- What Are the Effects of Intake Frequency?
dose £1.1 g/d) trials in adults, the mean reduction in the  In most of the trials, the total daily intake of plant stanols
LDL cholesterol level was 10.1% (95% confidence inter- and sterols was divided into 2 or 3 portions over the day,
val, 8.9%-11.3%) in 27 trials testing stanols (mean dose,but 1 study showed that 2.5 g of plant stanols taken at lunch
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produced the same LDL-lowering effects as 2.5 g of plant
stanols divided over the 3 me&3.hus, the distribution of 20
intake over the day may not be an important determinant of
efficacy, and mechanisms other than replacing cholestero
from mixed micelles for inhibition of cholesterol absorp-
tion must be considered because this would presumably
require ingestion of stanols and sterols with every meal.
More trials to compare the efficacy and effectiveness of
different dosing regimens are required. Studies of the ef-
fects of sterols and stanols on transporters of cholestero
may also shed light on this isstié3

154

_%{)

5+

Reductions in LDL cholesterol (%)

What Are the Responses of Subgroups Including 1 2 3
Children, Patients With Diabetes, and People With Dose of sterol/stanol (g/d)
Defined Genotypes?
Two studies showed an LDL cholesterol reduction of Figure 2. Summary estimates from randomized placebo-con
about 150,/0 in children with famlllal hypercholesterolemlg tro%led trials of the pyercentage reductions in Iow-denpsity lipopro-
treated with stanol esters, which compares favorably withein (LDL) cholesterol with 95% confidence intervals according
the 8% reduction in children with average levels of LDL todose. The area of each circle is proportional to the total number of
cholesterol (Table 2). A study with unesterified sitostanol persons in the trials in each dose rafgee ranges of daily doses
showed an even more pronounced effeGterol esters ihso‘t’(")”l(glmgi’g)r %férig'zazms(ilrll)lozr%”ttggsges)(35630(-;;03141 %1(??))'
also produced a reduction in LDL Cholesté?dfhertlefore,. and 4.0 tog4.2 g, (2). (Two tgrials ih children v%/]ere ’omitted be%ause’
sterols and stanols appear at least as effective in childreryoses are not equivalent in children and adults.)
with familial hypercholesterolemia as in children not so
affected.
Stanol esters lowered LDL cholesterol levels by 9% in Are the Effects of Sterols and Stanols Additive to
diabetic persons, similar to reductions in nondiabetic per- Those of Cholesterol-Lowering Drugs?
sons® Absorption of cholesterol may be affected by In a trial of 167 adults receiving statin therapy, addition
apolipoprotein E genotype, but in most studies, the of stanol ester margarine lowered LDL cholesterol levels
apolipoprotein E genotype has little effect on the responsel0% more than addition of placetioSmaller studies in
of LDL to sterols and stanot§3346720ther polymorphisms  patients with CHE? and in adults with familial hypercho-

o+
N

have not been studied widely. lesterolemia treated with simvastatiiound additional
LDL cholesterol level reductions of 16% and 20%, respec-

Are the Effects of Stanols and Sterols Additive tively. In a small study of patients with type 2 diabetes,

to Those of Diet? addition of stanol esters to pravastatin therapy resulted in

The effects of stanols and sterols appear to be indepenan LDL cholesterol reduction of 14% Sterols also re-
dent of the background di€tThus, addition of 2.3 g/d of ~ duced LDL levels in patients treated with statih&dding
stanol esters doubled the effect of a low-fat National Cho- stanols and sterols appears somewhat more effective than
lesterol Education Program (NCEP) step 1 diet, producingdoubling the statin dose, which usually produces an addi-
a total decrease in the LDL cholesterol level of 28%. tional lowering of LDL cholesterol levels of only 5% to
Similar effects were seen with free sterols and st&hols. 7%.5"5Thus, for patients who are taking statins and need
Therefore, a few participants pointed out that sterols and
stanols will lower cholesterol levels even in people eating Table 3. Mean Percentage Reductions in LDL Cholesterol

otherwise unhealthy diets. However, diets recommended According to Dose*

for the prevention of CHD provide more than just LDL Dose of sterol Reduction in LDL
lowering; they provide dietary fiber, essential fatty acids, and stanol No. of trial cholesterol (%)
vitamins, minerals, and beneficial substances from fruits (g/d) ams (95% C1)
and vegetable. Therefore, most workshop participants 0.7-11 8 6.7 (4.9-8.6)
believe that sterols and stanols should complement a %:g:;i ﬁ g:g g:gjgzég
healthy diet low in saturated fat and cholesterol and high in =25 21 11.3 (10.2-12.3)

fruits, vegetables, and whole grains, with unhardened OIIS*Data are from 56 trial arms that tested stanols/sterols (2 trials in children
as the fat source. excluded). CI = confidence interval; LDL = low-density lipoprotein.
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additional cholesterol lowering, it is more effective to add soluble fiber (10-25 g/d) to enhance the LDL cholesterol—
stanols and sterols to their diets than to increase their statinowering effect of diet. Additional LDL lowering can
doses, and this option needs to be considered by physiciansesult from weight reduction and increased physical activ-
treating patients with hypercholesterolemia. ity, the other components of the Therapeutic Lifestyle
In patients with diabetes in whom cholesterol absorption Changes.

was inhibited with neomycin, addition of stanol esters low-  The optimal dose of sterol/stanol from margarines is
ered LDL levels by 11%. Cholestyramine also seems to consumed with 7 g d&t, of which 2 g is saturated; low-fat
produce an additive effe€tput more data are needed, as food forms also are available. Therefore, use of stanol-
are data on the combined effects of sterols and stanols wittand sterol-containing foods is not expected to have ad-

niacin and ezetimibe. verse effects on weight or other risk factors. On the basis
of currentaverage LDL chalsterol levels in the United
What Are the Effects on Atherosclerosis in Animals? States and the recommended LDL cholesterol treatment

Sterols and stanols lowered arterial lipid accumulation goals, approximately 65 million US adults are candidates
in mice, rabbits, and hamst&% but did not cause regres- for these lifestyle changes. Also, the therapeutic diet
sion of established atherosclerd8ig rabbits fed athero-  should be an integral part of patient management, even
genic diets, plant stanol consumption inhibited develop- when drug therapy is used, because patients treated with
ment of arterial plaque despite markedly elevated serumcholesterol-lowering drugs obtain additional significant
cholesterol levels, suggesting a process other than simplé.DL cholesterol reduction when plant stanols/sterols are

lowering of lipid levels® added to their diets, enabling many of those not at their

LDL goals to achieve those goals. Moreover, concomitant

What Is the Potential Impact for use of plant stanols/sterols may allow lower doses of
CHD Risk Reduction? drugs.

Data from drug triaf$® indicate that the reduction in Plant stanols/sterols can have a role in the clinical man-

LDL cholesterol levels of about 10% could be expected to agement of high LDL cholesterol levels in children, par-
reduce the incidence of ischemic heart disease by abouticularly in those with familial hypercholesterolemia. They
12% to 20% over 5 years. An analysis of cohort studies can facilitate use of lower doses of drugs or delay initiation
indicates that the longer-term risk reduction would be of drug therapy. Long-term data on use of plant stanols and
about 2096 No trials have directly tested the effects of sterols in children are lacking, and such data are needed.
sterols and stanols on CHD incidence; thus, there is aHowever, data from studies in adults do not suggest any
theoretical possibility that the expected beneficial effect on specific concerns regarding use by children. Specifically,
CHD will not be realized fully. However, most workshop levels of vitamin A (retinol) and D, which are particularly
participants believe that LDL cholesterol-lowering inter- important for children, are not affected by the use of sterols
vention rarely has failed to reduce the incidence of is- and stanols in adults.

chemic heart disease when tested in randomized %rials.

Other participants would like the reassurance provided by aSAFETY

trial with hard end points. The safety of stanols and sterols has been reviewed by
several regulatory agencies. The US Food and Drug Ad-
How Should Plant Sterols and Stanols Be ministration has accepted that plant sterol/stanol esters are
Incorporated Into the Clinical and Public Health asserted to be Generally Recognized as Safe (GRAS) by
Approaches to Cholesterol Lowering? manufacturers. The Food and Drug Administration also

The lowering effect of stanols and sterols on LDL levels has authorized a claim that foods containing plant sterol/
of 10% is similar to that of replacing 8% of energy as stanol esters may reduce the risk of CHD (Federal Regis-
saturated fat by monounsaturated and polyunsaturateder of September 8, 2000 [65 FR 54686]). The Scientific
fats® When sterols and stanols are combined with diets Committee on Foods of the European Union concluded
low in saturated fat and cholesterol, reductions of 20% orthat phytosterol ester margarine was safe for human use
more can be achieved. The potential utility of plant (http://europa.eu.int/comm/food/fs/sc/scf/out56_en.pdf).
stanols and sterols in clinical therapeutic lifestyle changesin-use data of stanol and sterol esters are now available for
to lower LDL cholesterol levels has been recognized re- up to 2 years in the United States and Europe and over 5
cently by the NCEP® The NCEP's Therapeutic Lifestyle years in Finland, and no adverse effects have been reported.
Changes diet thus recommends reduced intakes of satuThus, the balance of risk and benefit appears to be favor-
rated fat (<7% of total calories) and cholesterol (<200 mg/ able. However, the lack of long-tersb(years) experience
d) and encourages use of plant stanols/sterols (2 g/d) anteaves a possibility of unforeseen effects.
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What Do Toxicologic Tests in Animals Say About for frying purposes, the stability of stanols and sterols on
the Safety of Plant Stanols and Sterols? frying would need to be established first.
Studies in rats confirm that stanols and sterols are ab-
sorbed poorly? Plant stanols and sterols mainly were de- How Do Sterols and Stanols Affect the Absorption
tected in the adrenal glands and ovaries. In hunm&ns, and Plasma Levels of Phytosterols and Stanols?
sitosterol can be metabolized to pregnenelone in adrenal In normal subjects, intake of 2 g/d of plant sterols ap-
glands, testes, and term placentas following the same pathproximately doubles plasma campesterol levels; sitosterol
ways as cholester#l.Whether plant stanols are metabo- levels increase also. Increased intake of stanols increases
lized in the same way is unknown. their plasma levels, but stanol concentrations are always a
In 2 studies, high doses of plant sterol esters and stanofactor of 10 to 100 lower than ster5i%, in addition, stanol
esters were fed to rats®>There were no signs of toxicity or  consumption reduces plasma sterol concentratitislo’
adverse effects except for some reduction of fat-solubleConcentrations of plant sterols in plasma in subjects con-
vitamins at the highest dose of 5%, equivalent to 4.1 g of suming sterol ester margarine are within the range of 0.6 to
plant stanols per kilogram of body weight per day (about 2.0 mg/dL#*“¢This is 20 to 100 times lower than in patients
150 times higher than the recommended dose of 2 g/d inhomozygous for phytosterolemia.
humans). In multigenerational rat studig¥,plant sterol Phytosterolemia (also known as sitosterolemia) is an
esters produced no effects on reproduction or develop-extremely rare recessive dise&$8The homozygous state
ment at up to 5% wt/wt of feed. For plant stanol esters, occurs in about 1 in 5 million people, with a wide margin of
the No Observed Adverse Effect Level was the mid doseuncertainty. Patients are prone to premature atherosclerosis
of 2.5% plant stanol because there were treatment-and CHD. Sitosterol absorption in homozygous individuals
related effects on body weight of offspring in the high- is typically 15% to 25% as opposed to 5% or less in normal
dose group. persons, and excretion is reduced. Typical ranges for
There is no evidence of a teratogenic effect for plant plasma concentrations are 14 to 65 mg/dL for sitosterol and
sterols and stano?s.Some reports say plant sterols and 7 to 21 mg/dL for campesterol. Mutations in intestinal
stanols have estrogenic efféét§ however, plant sterols ABCG5 and ABCGS8 transporters are responsible for at
do not bind to the estrogen recepfoand in various in least some forms of phytosterolenfi&:1%®
vitro and in vivo assays there is no evidence of estrogenic In heterozygous persons (about 1 in 1100), absorption of
activity for stanols® Plant sterols and stanols are not phytosterols may be norm®lor up to 1596, but body
genotoxic in vitro (bacterial mutation assay; metaphasepools are not greatly elevated because removal by the liver
chromosome analysis of human lymphocytes; mammalianis rapid. Plasma levels of plant sterols in heterozygous
cell gene mutation assay; mammalian cell chromosomepeople are normal or slightly elevatétOne study showed
aberration assay) or in rats in vivo (unscheduled DNA that consuming sterol margarine increased plasma campes-
synthesis in rat liver; induction of micronuclei in rat bone terol concentrations 2- to 3-fold in people heterozygous for
marrow)¥2101.102 phytosterolemia, which is similar to the effect in people
Increased consumption of plant stanols and sterols el-without the mutatioA!? This is reassuring because het-
evated the amount of cholesterol in the large intestine.erozygosity is much more common than homozygosity,
Cholesterol is metabolized by intestinal microflora into 4- and heterozygosity usually is undetected.
cholesten-3-one, and a small increase in the fecal con-
centration of 4-cholesten-3-one was found after healthy Does Absorption of Plant Sterols and Stanols
volunteers consumed 8.6 g/d of phytosterols for 4 w&&ks. Promote Atherosclerosis?
4-Cholesten-3-one has been reported to be mutagenic in Sterols and stanols have been found in atheroma lesions.
some tests in vitré’*1% However, assessment of 4- Mild hyperphytosterolemia is inheritééland is associated
cholesten-3-one in a bacterial mutation assay and in an irwith an augmented risk of premature CHB'; it has been
vitro chromosome aberration assay produced no evidencesuggested that premature atherosclerosis in patients with
of mutagenic activity?%10¢ homozygous phytosterolemia is due to an atherogenic ef-
One limitation of the animal studies is that the micro- fect of circulating sitosterol and campesterol. However, the
flora of humans and rats are different. This might affect high rate of atherosclerosis in patients with phytosterolemia
how plant sterols and stanols and cholesterol are metaboeould be due to other consequences of the genetic defect.
lized in the gut. Also, the gastrointestinal systems of the rat Some workshop participants believe that the slight in-
and human are distinctly different. Finally, toxicologic crease in plasma sterols on consumption of foods enriched
studies have been confined to native stanols and sterols. lfvith plant sterol esters might detract from the beneficial
stanol- and sterol-enriched products were to be marketedeffect on atherosclerosis produced by the decrease in LDL
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Table 4. Mean Change (95% CI) in Serum Concentrations of Vitamins in Randomized Placebo-Controlled Trials
of Stanols/Sterols*

Mean change,
adjusted for change in

Mean change total serum cholesterol
Vitamin No. of trials (%) (%) References

a-Tocopherol 15 -5.9 (-8.0t0 -3.8) 2.1 (-0.3to0 +4.5) 16,18,32,35,38,42,46,48,50,52,54,56,59,62,116
(P<.001) (P=NS)

Alpha carotene 13 —-8.7 (-13.8 t0 -3.5) —0.3(-5.7t0 +5.2) 18,32,35,42,46,48,50,52,54,56,59,62,116
(P<.001) (P=NS)

Beta carotene 15 —19.9 (-24.9 to —-15.0) -12.1 (-17.4 to —6.8) 18,32,35,38,42,46,48,50,52,54-56,59,62,116
(P<.001) (P<.001)

Lycopene 13 -7.3(-13.1t0-1.4) —0.1 (-6.1 to +5.9) 16,18,32,35,39,40,42,46,52,56,59,62,116
(P=.01) (P=NS)

Retinol 14 -0.1 (1.6 to +1.5) NA 18,32,38,42,46,48,50,52,54-56,59,62,116

Vitamin D 10 +0.5 (2.6 to +3.6) NA 16,38,42,46,48,52,54-56,62

*Only trials testing doses1.5 g/d are included. Cl = confidence interval; NA = not applicable; NS = not significant.

cholesterol. Others believe that the effect, if any, is com- changes were needed in coumarin dose, suggesting that
pletely compensated for by the decrease in plasma LDL.vitamin K status was unchang&d.

Further studies on the mechanism through which defects in

ABC transporters produce atherosclerosis and CHD in pa-Do Reduced Absorption and/or Decreased Plasma

tients with phytosterolemia might clarify this point. How- Levels of Carotenes Constitute a Health Risk?

ever, current data, although preliminary, suggest that not Substances that can reduce circulating carotenoids pose
only normal subjects but also subjects heterozygous fora theoretical public health concern because low levels of
phytosterolemia can consume plant sterols without adversecirculating carotenoids have been associated with in-

effects!!? creased risk of several chronic diseases including CHD,
certain cancers, and macular degeneratfof’In observa-

How Do Stanols and Sterols Affect Plasma Levels of tional studies, lutein has been inversely associated with

Fat-Soluble Vitamins? macular degeneration, beta carotene with lung cancer, ly-

Of the trials of sterols and stanols identified in the meta- copene with prostate cancer, and all the major circulating
analysis on efficacy (Table 1), 18 trials testing doses of 1.5carotenoids with CHE?°
g/d or more reported plasma concentrations of fat-soluble The amount of decrease in the serum carotenoid levels
vitamins. Table 4 summarizes the mean changes acrossaused by plant stanols and sterols should be viewed in the
trials. Statistically significant reductions occurred in the context of other dietary factors that influence circulating
plasma concentrations of the hydrocarbon carotenes: alph&evels. Coconsumption with wheat bran significantly inhib-
carotene by 9%, beta carotene by 28%, and lycopene byts lycopene and lutein absorptigaVolunteers who con-
7%. Part of this reduction probably is due to reduced ab-sumed olestra (8 g/d) had 38% lower levels of beta carotene
sorption of carotenes and the rest to reduced concentrationthan did controls after 8 weeks.In addition, some lipid-
of the lipoprotein carrier, LDL; after the decrease in total lowering drugs (probucol and cholestyramine) cause de-
cholesterol induced by stanols and sterols was correctectreases in beta carotene levels beyond what would be ex-
for, a statistically significant reduction remained for beta pected from the LDL-lowering effects of the drugs al&fe.
carotene but not for alpha carotene or lycopene. The reduc- Epidemiological studies cannot determine whether the
tion in a-tocopherol was explained similarly by the reduc- associations between various carotenoids and disease out-
tion in cholesterol (Table 4). The decrease in beta caroteneomes are causal or due to confounding factors. Several
could be prevented by adding sufficient fruits and veg- randomized trials have tested the effects of supplemental
etables to the diét.Vitamin D and vitamin A (retinol) beta carotene on cancer and CHD3?® These trials show
concentrations are on average unaffected by sterols anaho benefit and in smokers show evidence of hat#i
stanols (Table 4). Vitamin K—dependent clotting factors This weakens the case for beta carotene as a chemopro-
did not change in subjects fed starf®lgvhen 8 patients  tective agent. Still, it is unclear whether supplement trials
taking coumarin were given stanol esters, no significant are relevant to predicting the effect of reductions in plasma
changes occurred in prothrombin time, and no major carotenoid induced by stanols and sterols.
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Part of these reductions are due to decreases in circulateolon, breast, and prostate carié&¥*However, a prospec-
ing LDL levels, which are the carriers for fat-soluble vita- tive study in humans did not support any protective effect of
mins. In 2 large primary prevention trials using statins plant sterols against colon or rectal caritghus, there are
(each averaging about 5 years of follow-up), large reduc-no convincing data to suggest that plant stanols and sterols
tions in LDL levels were not associated with an increase in either contribute to gorevent cabn carcinogenesis.
any cancef*®® The effects of these drugs on carotenoid
levels have not been reported; thus, the interpretation ofWhat Is the Safe Upper Level of Intake of Stanols
these trials with respect to carotenoid lowering is some-and Sterols? Is This Level Likely to Be Exceeded
what speculative. in Practice?

Cholestyramine, a bile acid sequestering resin, reduces The evidence summarized previously suggests that in-
circulating carotenoid levels in excess of the decrease extake of the recommended 2 g/d of sterols and stanols effec-
pected due to LDL lowering. In the Lipid Research Clinics tively lowers LDL cholesterol levels, produces no serious
Coronary Primary Prevention Tri&P total carotenoid lev-  adverse effects, and poses no health risks of concern. Some
els decreased 26% in 3806 men after 1 year of interventiorconsumers might reach higher intake levels if they con-
compared with a 19% decrease in LDL levels. Despite thissume a wide range of products enriched with stanols and
large reduction in carotenoid levels, the reduction in coro- sterols. There is no evidence that such higher intakes cause
nary events was exactly that which would have been pre-harm. However, increasing intake beyond 2 g/d of stanols
dicted by the changes in serum lipiéfsAlthough the trial and sterols produces little additional LDL lowering and
was underpowered for cancer end points, the on-trial (up totherefore is not recommended.

10 years of follow-up) and posttrial (6 additional years of

follow-up) experience showed a slight decrease in carot-RECOMMENDED FUTURE RESEARCH

enoid-linked cancers in the intervention group relative to Who Consumes Sterol/Stanol Products and What Is
the placebo groufp* Their Effectiveness in the General Population?

In summary, risks associated with decreased carotenoid In a Finnish survey?® 46% of people who used plant
levels secondary to sterol/stanol intake are theoretical atstanol ester margarine reported having cardiovascular dis-
this point, but longer follow-up of studies would be desir- ease. Users were mostly aged 55 years or older, were better

able to fully address this issue. educated, and had higher incomes than nonusers. They also
had a healthier lifestyle. No data are available on the initial
Do Sterols and Stanols Interfere With the cholesterol levels of the users or on the extent of choles-
Absorption and Action of Therapeutic Drugs, terol lowering obtained when sterol- and stanol-rich foods
Including Hormones? were introduced into communities. Therefore, the effec-

Information is limited about sterol/stanol interference tiveness (efficacy multiplied by compliance) of sterols and
with the absorption and action of therapeutic drugs. An 8- stanols in the general population is still unclear.
week study of 318 subjects reported no adverse interactions
of stanol intake with drugS.In patients with diabetes, Is Postmarketing Surveillance (Postlaunch
stanols had no effect on diabetic contfol. Monitoring) Being Done, and Is It Useful for

Stanols and sterols might theoretically interfere with Detecting Unforeseen Effects?
cyclosporine absorption; further studies are needed. Few About 2500 users of stanol margarines and matched
patients take cyclosporine, and levels are closely moni-controls are being followed up in Finland, and possible
tored. However, transplantation units should be aware oflong-term health effects, both beneficial and adverse, will

this potential interaction. be determined by linking national disease and mortality
registries with the cohott® Although valuable, this study

Could Stanols and Sterols or Their Metabolites probably has limited power to detect rare adverse effects.

Have Adverse Effects in the Colon? The nonrandomized design also introduces confounding,

Consumption of plant sterols and stanols increases thdlifficult to avoid in observational studies. Telephone help
fecal excretion of cholesterol and its metabolites. Hypoth- lines have been installed and are monitored for self-
eses were advanced in the 1960s and 1970s that bacteriaéported adverse effects of stanol and sterol margarines.
metabolites of bile acids and cholesterol were involved in
the genesis of colon candétToxicologic animal tests on  Is a Trial With Hard End Points (Disease and Death)
this subject were discussed previously. Other experimentsRequired?
in vitro and in animals with chemically induced cancers A randomized clinical trial might provide certainty
suggested that dietary plant sterols may protect againstibout the efficacy of stanols and sterols in reducing CHD.



974 Plant Stanols and Sterols for Cholesterol Mayo Clin Proc, August 2003, Vol 78

The costs and feasibility of a such a trial are prohibitive, asimportant contributions of Drs Nilo Cater, Andrea Poli, Paul
they have been for other dietary factors. The numbers ofHepbumn, Stephen Kritchevsky, Ronald Mensink, Joan Morris,
CHD patients needed to show the expected 12% to 20%J0gchum Plat, and Jacques Rossouw to this article.
reduction in CHD over 5 years would be 10,000 to 15,000. o
In healthy subjects, event rates are lower and requiredStresaWOrkshop on Sterols and Stanols.—Workshop partici-
S . . pants: Atif B. Awad, University at Buffalo, Buffalo, NY; Klaus
numbers proportionally higher. For example, with a 6% N L
duction in total cholesterol (corresponding to a 9% reduc—von Bergmann, Umyersuty of Bonn,. Bon.n, Germany; Nilo Cate.r'.
r,e . P 9 Southwestern Medical Center, University of Texas, Dallas; Jiri
tion in LDI_- cholesterol), close to _501000 postmenopausal Frohlich, St Paul's Hospital and University of British Columbia,
women might need to be randomlzgd and folloy\/ed up for vancouver, British Columbia; Helena Gylling, University of
9 years to show the expected reduction of 14% in CHD at aKuopio, Kuopio, Finland; Paul A. Hepburn, Safety & Environ-
power of 86942¢13"Moreover, such a trial would not pro- mental Assurance Centre Unilever, Sharnbrook, United King-
vide total reassurance about the absence of long-term addom; Thomas E. Kottke, Mayo Clinic, Rochester, Minn; Stephen
verse effects because they are likely to be rare, and &. Kritchevsky, University of Tennessee, Memphis; Gilbert A.

Cl|n|ca| t”al Would be severely underpowered to detect LeVei”e, McNeil Consumer Healthcal’e, Fort WaShingtOn, Pa,
them. Gert W. Meijer, Unilever Bestfoods NA, Englewood Cliffs, NJ;

Ronald P. Mensink, Maastricht University, Maastricht, the Neth-

Trials with surrogate end points could be used to cor- X ) ) "
roborate the ex ec?ed efficas for cardiovascular diseas erlands; Mohammed H. Moghadasian, University of British Co-
P y eIumbia, Vancouver, British Columbia; Paul Nestel, Baker Medi-

prevention. Thg most convincing S“rfogate outcpmelwould cal Research Institute, Melbourne, Australia; Fady Y. Ntanios,
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