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Ozet

Fitosterollerin (PS, bitki sterolleri ve bitki stanollerinden olusur) LDL-kolesterol konsantrasyonlarini distirdigt kanitlanmustir. Bu etki icin doz-yanit iliskisi,
farkli doz araliklar igin ortalamalar hesaplanarak veya siirekli doz-yanit fonksiyonlari uygulanarak cesitli meta-analizierde degerlendirilmistir. Her iki
yaklagimin da avantajlan ve dezavantajlan vardir. Simdiye kadar, farkli doz araliklan igin ortalamalarin hesaplanmasi bitki sterolleri ve stanoller igin ayri
ayri yapiimamigtir. Bu meta-analizin amaci, farkh doz araliklarinda siniflandinldiginda bitki sterolleri ve stanollerinin birlesik ve ayr etkilerini arastirmaktir.
Calismalar arastiniimis ve dnceden tamimlanmis kriterlere gére secilmistir. ilgili veriler cikarilmistir. Ortalama LDL-kolesterol etkileri, ¢alismalar doza gore
kategorize edildiginde, varyansi agirlik fakiéri olarak kullanirken rastgele etki modellerine gére hesaplanmistir. Bu islem bitki sterolleri ve stanolleri igin
ayn ayn ve birlikte yapilmigtir. Toplamda 124 galigma (201 tabaka) dahil edilmistir. Bitki sterolleri ve stanoller sirasiyla 129 ve elli dokuz tabakada
uygulanmistir; geri kalanlarda ise her ikisinin karigimi kullanilmistir. Ortalama PS dozu 2,1 (aralik 0,2 - 9,0) g/giin idi. Giinde 0,6 - 3,3 g PS aliminin LDL-
kolesterol konsantrasyonlarini kademeli olarak ortalama %6 - 12 oraninda azalttigi bulunmustur. Bitki sterolleri ve stanolleri ayri ayri analiz edildiginde, net
ve kargilastinlabilir doz-yanit iligkileri gdzlemlenmistir. PS dozlar 4 g/giin’li asan ¢alismalar, az sayida ve genis bir doz araligina dagiimig oldugundan bir
havuzda toplanmamistir. Sonug olarak, hem bitki sterollerinin hem de stanollerin LDL-kolesterol digiiricti etkisi yaklagik 3 g/glin’lik alimlara kadar

artmaya devam etmekte ve ortalama %12’lik bir etkiye ulasmaktadir.

Anahtar kelimeler: Bitki sterolleri: Bitki stanolleri: LDL-kolesterol: Doz-yanit yéntemleri: Meta-analizler

Hem bitki sterollerini hem de bitki stanollerini iceren fitosteroller (PS),
bitkisel yaglar, kabuklu yemisler, tohumlar, tahil Griinleri, meyveler ve
sebzeler gibi bitkisel kaynaklh tiim gidalarda dogal olarak bulunan
bilesiklerdir. Dogal olusumlu PS'nin genel beslenmeyle alimi yaklasik 200-
400 mg/glin’dlir™3, Daha yiiksek PS alimlari, PS alimlarinin neredeyse iki
katina giktigi vejetaryen diyetler gibi sebze bazl diyetler tiiketereks
veya PS ile zenginlestirilmis gida Griinleri tiiketerek elde edilebilir. PS ile
zenginlestirilmis gidalarin toplam kolesterolli ve dzellikle LDL-kolesterolii
distirtici  ozellikleri iyi  bilinmektedir®. Yiiksek LDL-kolesterol
konsantrasyonlarina sahip olmak KVH igin en énemli risk faktgrlerinden
biridir. PS ile zenginlestirilmis gidalar, hiperkolesterolemi yénetiminde
saglikll beslenme ve yasam tarzi degisikliklerinin bir parcasi olarak degerli
bir segenek olarak kabul edilmektedir(”#),

1950'lerden bu yana, PS'nin LDL-kolesterol diisiiriicii etkisi lizerine cok
sayida arastirma yapilmis ve bu zengin kanitlar cesitli meta-analizlerde
dzetlenmistir %912, Bu meta-analizlerde, PS'nin LDL-kolesterol diisiiriicii
etkinligi icin doz-yanit iligkisi aragtinlmistir. Law®®!, Katan ve arkadasiar/'®
ve Abumweis ve arkadas/an'™® tarafindan gerceklestirilen meta-analizler,
farkll PS doz kategorileri icin ortalama LDL-kolesterol diisiiriicii etkilerin
hesaplanmasina dayanan bir doz-yanit iliskisi tanimlamistir.

Daha yakin zamanda, Demonty ve arkadasiari*?, kolesterol tasinmasi ve
emiliminde yer alan streglerin doyurulabilir oldugu varsayimina dayanan
birinci dereceden bir eliminasyon fonksiyonu tarafindan belirlenen stirekli
bir doz-yanit iliskisini arastirmiglardir, Musa-Veloso ve arkadaslari™® daha
sonra bu sefer bitki sterolleri ve stanoller igin ayri ayrn olmak dzere
benzer siirekli doz-yanit egrileri olusturmustur. Genel olarak bu analizler,
artan PS dozuyla birlikte LDL-kolesterol diisliriicli etkinin arttigl, ancak bu
etkinin 2-3 g/glin dozlarinda azaldig sonucuna varmstir.

Doz-yanit iligkisini incelemek igin kullanilan uygulamal yaklagimlar, doz
araliklart igin ortalama etkileri gostermek ve siirekli doz-yanit
fonksiyonlar olusturmak arasinda farklilik gosterir. Her iki yaklasimin da
avantajlari ve dezavantajlari vardir. Siirekli bir doz-yanit iligkisinin
kuruimasi, belirli bir PS dozu igin etkilerin tahmin edilmesine olanak
saglama avantajina sahiptir. Bununla birlikte, egrinin sekli biiyiik él¢lide
¢alismalarin tim doz araligindaki dagilimina bagldir; bu dagilim dengeli
degilse, bu tiir bir analiz belirli dozlarda tahmin edilen etkilerin asir veya
dusik tahmin edilmesine karsi savunmasiz hale gelebilir.

Kisaltma: PS, fitosteroller.

* Sorumlu yazar: R. T, Ras, faks+ 31 10 460 5993, e-posta rouyanne.ras@unilever.com
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Ornegin, Musa-Veloso ve arkadaslar™® tarafindan gergeklestirilen meta-
analizde, tasvir edilen bitki sterol egrisi, 2,7-3,3 g/glin dozlarinda bitki
sterollerinin etkilerini agikca oldugundan az gostermistir. Sonug olarak,
bitki sterollerine kiyasla bitki stanolleri igin daha biiyik bir maksimal
disiiriicti etkinin meveut oldugu éne stiriimistar. Onceden tanimlanmig
PS doz araliklar igin ortalama etkilerin hesaplanmasi, potansiyel asgiri
veya eksik tahminlere karsi daha az hassastir, ancak bu yaklagim, stirekli
bir doz araligi (izerindeki etkilerin tahmin edilmesine izin vermemektedir,

Simdiye kadar, farkli doz araliklan igin tartilmis ortalamalarin
hesaplanmasi bitki sterolleri ve stanoller igin ayr ayrn yapimamistir.
Bdyle bir analiz, bazi tartigmalarin meveut oldugu bu iki PS tlriinlin LDL-
kolesterol dusiiriicii  etkinliginin  karsilastinimasinda faydali bilgiler
saglayacaktir®), Bu nedenle, mevcut analizin temel amaci, farkl doz
araliklarinda simiflandinldiginda bitki sterclleri ve stanollerinin birlesik ve
ayri LDL-kolesterol disliriicli etkilerini arastirmak olmustur. Bitki
sterolleri ve stanollerinin en azindan ortalama 3 g/glin®®® alimina kadar
benzer bir LDL-kolesterol diisirlicl etki gosterecegi varsayilmistir.

Deneysel yontemler
Arama stratejisi ve uygun ¢calismalarin se¢imi

Mevcut analize uygun potansiyel olarak ilgili insan ¢alismalarini elde
etmek amaciyla, neredeyse ayni arama stratejilerini kullanan en son iki
meta-analizint®1? yazarlari tarafindan ydriitiilen sistematik aramalara
dayali olarak hareket ettik. Demonty ve arkadoglari®* tarafindan
ylritiilen meta-analize 141 ¢alisma koluna sahip seksen bir ¢alisma dahil
edilirken, Musa-Veloso ve arkadaslar: 2 tarafindan yirGtilen daha yeni
meta-analize 182 calisma koluna sahip 114 ¢alisma dahil edilmistir. Bu iki
meta-analizden sonra yayinlanan uygun ¢alismalari elde etmek igin, Eyldl
2010'dan Eylil 2011’e kadar dokuz veri tabami (MEDLINE, Embase,
BIOSIS, CAB Abstracts, FROSTI, Food Science and Technology Abstracts,
Chemical Abstracts, PASCAL ve AGRICOLA) kullanilarak ek bir arama
yapilmistir. Yine aymi arama terimleri kullanilmig, dil kisitlamasi
olmaksizin insan galismalariyla sinirlandinimistir.

En son yayinlanan iki meta-analizde***agiklanan kriterlere dayanarak,
daha yakin zamanda yayinlanan c¢alismalar segmek Uzere asagidaki
kriterleri formiile ettik: (1) yetigkin insanlarda randomize kontrolli
galismalar; (2) soya fasulyesi yagi, kolza tohumu yagi ve uzun boylu yag
gibi bitkisel yaglardan elde edilen 4-desmetilsteroller ve/veya 4-
desmetilstanoller ile tedavi (yani piring kepegi yag veya karite findigi
yagindan elde edilenler gibi feriile PS harig); (3) birincil veya ikincil sonug
olarak kan lipitlerinin arastiriimasi; (4) PS ile zenginlestiriimis gidalarin
veya takviyelerin aliminin izole edilemedigi bir ortak midahalenin
olmamasi; (5) ilgili LDL-kolesterol verilerinin mevcudiyeti; (6) kontrol
grubunda/déneminde uygun plasebo kullanimi; (7) en az 2 hafta boyunca
PS tiketimi; (8) 10 g/glin'l asmayan PS dozu; (9) kolektomili hastalari
iceren calismalarin olmamasi (kolektominin etkinlik (zerinde bir etkisi
olmadig fikri dislanamayacag! igin).

Veri cikarma ve istatistiksel analiz

Mevcut analiz icin asagidaki veriler gikarilmistir: referans bilgileri (ilk
yazar ve yayin yili); calisma tasanimi (paralel veya gapraz); denek sayisi
(6rneklem biyiikligi); test Urlnt &zellikleri (doz, PS tirh (bitki sterolleri
veya bitki stanolleri veya karigimi) ve gida formati); LDL-kolesterol
konsantrasyonunda plaseboya gore ayarlanmis goreceli (%) degisiklik ve
buna eslik eden varyans &lgiisii. Goreceli degisikliklerin rapor edilmemesi
durumunda, bunlar asagidaki sekilde hesaplanmistir:

Paralel calismalar igin,

LDL\.h.mgc = %AU)LIN';IUHQ‘IH = ‘:'E‘ALDLtrwmmI-.

Burada:

LDLyciunent_end — EDLincume setine
‘%ALDhu'.«unwn = 1(}9)( weasment end Llh tment_buscline

I—Dlm;-.mm.-!n_lr_m.-luw

ve

I«DLa'umnl_cnd - LDL\nmrui_h.ucl':::c

GeALDLgnuar = 100X
s LDL(.DDI.:‘OI_[U&.'!:D:‘

Capraz ¢alismalar igin,

LD anmwm_cnd - LDL\' ontrol_end
LDL\ ontrol_end

LDLepunge = 100X

LDL-kolesterol konsantrasyonlari midahale sirasinda cesitli zaman
noktalarinda 8lclildiiglinde, analiz igin 4 haftalik zaman noktasina karsilik
gelen veya en yakin olan konsantrasyon alinmigtir. Goreceli degisikliklerin
varyans lciimleri saglanmadiginda ve P degerlerine veya %95 Cl'ya dayali
olarak  elde edilemediginde, bunlar  aktif ve plasebo
gruplarinda/dénemlerinde baglangic ve midahale sonundaki varyans
dlgimleri kullarilarak hesaplanmistir ve daha onceki bir arastirmaya
dayali olarak™¥” denek ici korelasyon katsayisinin 0,8 oldugu varsayilimistir.

insan mudahalesi calismalari PS dozlarna gore alti kategoriye
ayriimistir: doz < 1.0 g/giin; 2 1.0 doz < 1.5 g/giin; 2 1.5 doz < 2.0 g/gin; 2
2.0 doz < 2.5 g/gtin; 2 2.5 doz < 3.0 g/giin; = 3.0 doz < 4.0 g/giin. Bu
yaklasim, 0,5 ve 3,5 ile 4,0 g/glin arasindaki dozlars kullanan calismalarin
sayisi oldukga sinirh oldugu icin (her biri n 6), en duslk ve en ylksek
kategoriler disinda artan doz adimi 0,5 g/glin olacak sekilde segilmistir.
Dozlari 4 g/giin'li asan ¢alisma kollari az olmus (n 5) ve genis bir PS dozu
araligina (5,8-9,0 g/giin) dagilmistir; bu nedenle, bu ¢alismalarin tek bir
kategoride toplanmasinin uygun olmadigina karar verilmistir; bu
galismalar yalnizca tamimlayict amaglar igin kullanilmistir. Her galisma igin
PS dozu uygulanan gergek doza gdre belirlenmistir; rapor edilmediginde
amaclanan  doz  kullamlmistir. Bu  makale boyunca,  bitki
sterolleri/stanollerinin  dozlart  serbest  (esterlesmemis)  bitki
sterolli/stanol esdegerleri olarak ifade edilmis ve virgiilden sonra bir
haneye yuvarlanmistir.

Havuzda toplanan LDL-kolesterol etkileri, calismalar PS dozlarina gore
kategorize edilirken (yani PS dozu ile tanimlanan alt gruplarla alt grup
analizi), DerSimonian & Laird *# tarafindan agiklanan yontemlere gore
rastgele-etki modelleri kullanilarak hesaplanmistir. Rastgele etki
modelleri, calismalar iginde ve arasinda gozlemlenen LDL-kolesterol
disuriicu etkilerdeki cesitliligi dikkate aldigi igin kullamimigtir.
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Calismalar varyansiarinin  tersine gore agrliklandinimistir  (1/SE2).
Analizler bitki sterolleri ve stanoller icin birlikte ve ayn ayn
gerceklestirilmistir. Gerektiginde, gida formatinin PS'nin LDL-kolesterol
diisiiriicii etkinligi Gizerindeki etkisini arastirmak icin daha derinlemesine
bir analiz yapilmistir, Havuzda toplanan tahminler ve bunlara eslik eden
%95 Cl, SAS Sisteminin PROC MIXED fonksiyonu kullanilarak belirlenmistir
(stirlim 9.2; SAS Institute).

Sonuclar
Dahil edilen calismalara genel bakis

Toplamda, 201 ¢alisma koluna sahip 124 insan galigmasi mevcut analize
dahil edilmistir. 116 calisma kolunda paralel tasarim, seksen beg calisma
kolunda ¢apraz tasarim kullaniimistir. Bitki sterolleri ve stanoller sirasiyla
129 ve elli dokuz galisma kolunda uygulanmistir; kalan on g calisma
kolunda ise bitki sterolleri ve stanollerin bir karisimi uygulanmustir.
Calisma kolu basina denek sayist ortalama 48'dir (aralik 7-201). Ortalama
PS dozu 2.1 (aralik 0.2-9.0) g/giin olmustur. Calismalarin ¢ogunda PS ile
zenginlestirme icin (az yagh) margarinler/striilebilir riinler veya siit tipi
iirinler kullanilmigtir; diger gida formatlan arasinda tahillar, mayonez,
salata sosu, soya iiriinleri, unlu mamuller, portakal suyu ve bitkisel yaglar
yer almaktadir, Dahil edilen galismalara genel bir bakis gevrimici ek
materyalde verilmistir.

Bitki sterolleri ve stanollerinin birlikte ve ayri ayr1 LDL-
kolesterol diistiriicli etkisi

Tanimlanan doz araliklarinin her biri i¢in ortalama PS dozlan ve LDL-
kolesterol konsantrasyonlar (izerindeki géreceli etkiler Tablo 1'de
dzetlenmistir. Bitki sterolleri ve stanoller birlikte analiz edildiginde, PS
alimlarinin LDL-kolesterol konsantrasyonlarini doza bagh bir sekilde
azalttig bulunmustur (P< 0.001; Sekil 1). Bitki sterolleri ve stanoller ayri
ayn anzliz edildiginde, net ve kargilagtinlabilir doz-yanit iliskileri
gozlenmistir (Sekil 2). Dozun etkisi her iki analizde de dnemli olmustur
(bitki sterolleri i¢in P<0,001 ve bitki stanolleri igin P= 0,001).

Mevcut analizde, 2 2.0 doz < 2.5 g/giin kategorisinde, bitki sterolleri
ve stanoller arasinda LDL-kolesterol diisiiriicii etkinlikte %2'lik belirgin bir
fark gozlenmistir. Bu bulguyu agiklayabilecek faktrleri arastirmak icin
yapilan post hoc analizde, gida formatinin kivaminin (kati/yenilebilir veya
sivi/igilebilir) bir rol oynayabilecegi gorilmistiir. Ashinda, bu &zel doz
kategorisinde, kirk bitki sterolii caligmasinin on besinde sivi gida formati
kullanilirken, on sekiz stanol calismasinin sadece dérdiinde bu tiir gida
formati kullanilmistir. Kullanilan PS tiiriinden bagimsiz olarak, svi gidalar
LDL-kolesterol konsantrasyonlarin ortalama %6,5 oraninda diigtriirken,
kati gidalar LDL-kolesterol konsantrasyonlarim ortalama %9,2 oraninda
distirmiistir (P=0,003).

Tartisma

Doz araliklarina dayanan meveut meta-analiz, bitki sterolleri ve
stanollerin LDL-kolesterol konsantrasyonlarini en azindan yaklasik 3
g/giin’e kadar benzer dlciide ve doza bagh bir sekilde dustrdigini
gdstermistir. Bitki sterolleri ve stanoller arasinda kolesterol diigirme
potansiyelleri agisindan gdzlenen karsilastirilabilirlik, yakin zamanda
yapilan bir meta-analizin bulgularyla uyumludur ¢, Bu meta-analize!®
0,6 ila 3,3 g/giin arasinda degisen PS dozlarinda bitki sterollerinin LDL-
kolesterol disiiriicti etkinligini bitki stanollerininki ile yan vyana
karsilastiran on dért galisma dahil edilmistir. Kullamilabilir LDL-kolesterol
verilerini rapor eden on bes ¢alisma kolundan yedi ¢alisma kolu, bitki
sterolleri icin bitki stanollerine kiyasla anlaml olmayan sekilde daha
biiyiik bir LDL-kolesterol distiiriicii etki gdsterirken, sekiz calisma kolu
bitki stanolleri igin bitki sterollerine kiyasla nispeten daha biyiik bir etki
gostermistir. Genel olarak, bitki sterolleri ve stanollerinin kan lipitleri
iizerinde istatistiksel veya klinik olarak anlami farkl etkileri olmadigi
sonucuna variimigtir. Daha yiiksek alimlarda (> 4 g/giin), baz bireysel
calismalar bitki stanolleri 22 jcin bitki sterollerine ® kiyasla daha biiyiik
bir LDL-kolesterol diisiiriicli etki oldugunu gdstermektedir. Bununla
birlikte, yiiksek doz galismalari azdir ve genis bir PS dozu araligina (5.8 -
9.0 g/giin) dagilmistir. Uygun vyiiksek doz esdegerlik testi icin, aym
kosullar altinda yiiksek doz bitki sterolii veya yiiksek doz bitki stanoli
tedavisi goren deneklerle dogrudan bir karsilastirma calismasina ihtiyag
duyulacaktir.

Tablo 1. Fitosterollerin (PS) farkli doz araliklari igin kombine ve bitki sterolleri ve stanolleri igin ayr ayri ortalama LDL-kolesterol diiglriicti etki (Ortalama degerler ve %95

giiven araliklari)

Ortalama LDL-kolesterol etkisi (%)

Kombine Bitki sterolleri Bitki stanolleri

PS doz kategorileri (g/giin)* Ortalama PS

Galisma kollari () dozu(g/gln)  Ortalama %85 Cl Ortalama %895 Cl Oralama %85 Cl
Doz< 1.0 24 (1 karigim, 22 sterol, 1 stanol) 0.6 -5.7 -71,-4.4 -5.6 -7.1,-4.2 -7.4 -15.2,0.4
21.0doz<1.5 13 (2 karigim, 9 sterol, 2 stanol) 1.1 6.4 -8.2,-4.6 -6.5 -8.6,-4.4 -6.3 -12.0,-0.6
21.5doz <20 55 (7 karisim, 39 sterol, 9 stanol) 1.7 -7.6 -8.4,-6.8 7.8 -8.6,-6.7 6.7 -8.8,-4.7
22.0doz<25 60 (2 kansim, 40 sterol, 18 stanol) 21 -8.4 -9.2,-76 -8.0 -8.0,-7.0 -10.0 -11.3,-8.6
22.5doz < 3.0 17 (0 karigim, 6 sterol, 11 stanol) 26 -10.3 -11.8,-8.9 -10.5 -13.7,-73 -10.4 -11.7,-91
23.0doz=4.0 27 (1 kansim, 11 steral, 15 stanol) 33 -12.4 -13.6,-11.2 -12.3 -14.0,-10.6 -12.5 -14.1,-10.8
P (doz etkisi) <0.001 <0.001 0.001

* 4 g/gln'l asan dozlar

yapilan ¢

az sayida ve genis bir doz araligina dagilmig oldugundan bu analize dahil edilmemistir; bunlann kiimelenmesinin uygun oimadigina karar verilmistir.



Fitosterallerin LDL-kolesterol tzerindeki 217
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LDL-kolesterol konsantrasyonundaki
ortalama degisim (%)

Ortalama PS dozu (g/gln)
Sekil 1. Fitosterollerin (PS) 4 glgln'e kadar farkli doz araliklar igin LDL-kolesterol
konsantrasyonu Ozerindeki ortalama etkileri. ®, az sayida ve genis bir doz aralidina
dagimig olduklan igin bir havuzda toplanmayan tekli ylksek doz galismalarinin
sonuglarini temsil etmektedir. Degerler ortalamadir ve %85 CI dikey gubuklaria
gosterilmistir.

Simdiye kadar béyle bir ¢alisma yapilmadigindan, Plat ve arkadaslar
tarafindan yakin zamanda tartigildigt gibi, daha yliksek dozlarda bitki
sterolleri ve stanoller arasindaki potansiyel etkinlik farklliklari hakkinda
bir sonug gikarmak uygun degildir 3,

PS’nin LDL-kolesterol diistiriicti etkisinin doza bagl oldugu daha &nce
cesitli meta-analizlerde 22 ve bireysel doz-yanit ¢alismalarinda (92224
gosterilmistir.  Bugline kadar, meta-analizler PS'nin LDL-kolesterol
distriici etkisinin 2-3 g/gun’lik alimlarda azaldigini ve daha yliksek
alimlarda gok az ek fayda sagladigini gdstermistir . Sonug olarak,
cesitli saglk otoriteleri hiperkolesterolemi yénetiminde beslenme ve
yasam tarzi kurallarinin bir pargasi olarak zenginlestirilmis gidalardan 2
g/egln’lik PS'yi dahil etmiglerdir ¥&23), Mevcut analizden, en azindan
vaklasik 3 g/giin’lik PS’ye kadar orantili bir doz-yanit etkisi oldugu
gorilmektedir. Kolesterol emiliminin PS tarafindan engellenmesi
muhtemelen doyurulabilir bir sire¢ oldugundan, muhtemelen 3
g/glin'den biraz daha yiiksek dozlarda bir miktar azalma etkisi
beklenmektedir. Gergekten de >3 g/giin’lik PS alimlari daha fazla LDL-
kolesterol faydasina yol agiyorsa bu durum klinik agidan anlamh olacaktir
¢lnki ilave LDL-kolesterol dusiisi daha fazla KVH riski azalmas: ile
sonuglanabilir. Bununla birlikte, gidalara daha yiiksek miktarlarda PS
eklemenin teknik fizibilitesi, maliyet-fayda yonleri ve ozellikle tiiketicilerin
uyumu gibi daha yitksek PS alimlarimin pratikte senuglaninin dikkate
alinmasi gerekmektedir. PS eklenmis gidalart gercekten kullanan
popiilasyonlarda yapilan arastirmalara dayanarak, gergek hayatta PS
aliminin tavsiyenin cok altinda oldugu goérilmektedir *5%7); ortalama
olarak kullanicilar 14 g/gin PS ile zenginlestirilmis margarin
tiketmektedir, bu da yaklasik 1 g/glin PS alimina karsilik gelmektedir. Bu
nedenle, insanlari yaklagik 3 g/gln’l asan miktarlarda PS tiketmeye
tesvik etmek gercek¢i gorlinmemektedir. Buna ek olarak, nadir
homozigot sitosterolemik hastalarda erken ateroskleroz gozlemlenmesi
28 ye plazma bitki sterol konsantrasyonlari ile KVH riski arasinda pozitif
bir iliski oldugunu gésteren epidemiyolojik kanitlar ?® nedeniyle,
zenginlestirilmis gidalardan yiksek miktarda bitki sterolii alimini takiben
plazma bitki sterol konsantrasyonlarindaki artigla ilgili bazi endigeler éne
strdlmistir,

Bununla birlikte, yakin zamanda yapilan bir meta-analiz, mitevazi
diizeyde vyiiksek plazma bitki sterol konsantrasyonlari ile KVH riski
arasindaki iliskiyi arastiran gézlemsel galismalarin tamamini ézetlemis ve
béyle bir iliskinin mevcut olmadigl sonucuna varmistir %, Ayrica, bitki
sterolleri eklenmis gidalarin almindan sonra plazma bitki sterol
konsantrasyonlari, kanda dolasan toplam sterol konsantrasyonlarinin
%1'inin altinda kalmaktadir 7. Sonug olarak, bu hususlar dikkate
alindiginda, énemli bir kolesterol dusiriict etki elde etmek icin giinde 2-3
g’k PS tiketilmesine yonelik meveut tavsiveler hala gegerli
gbrinmektedir,

Meta-analizlerde doz-yanit iligkilerini arastirmak icin farkli yaklagimlarin
kullanilmasi bazen farkli sonuclara varimasina neden olabilir. Ornegin,
Musa-Veloso ve arkadaslari 12 daha énce sirekli doz-yamit egrilerini
analiz ederken maksimum LDL-kolesterol distiriicti etkinligin bitki
stanolleri icin (%16,4) bitki sterollerinden (%8,3) daha fazla oldugu
sonucuna varmistir. Demonty ve arkadaslar*® tarafindan gergeklestirilen
meta-analizde de, siirekli analize dayal olarak bitki stanolleri ve sterolleri
arasinda maksimum kolesterol disiricd etkinlikte %6,7’lik anlamh
olmayan bir fark gdzlenmistir. Bdyle bir yaklasim, belirli bir PS dozunun
LDL-kolesterol disiirlicli etkisini tahmin etme firsati sunmaktadir.
Bununla birlikte, uygulanan model, bitki sterollerinin yaklasik 3 g/glin
dozlarinda LDL-kolesterol diigiirtici etkisini hafife aliyor gibi
gdriinmektedir. Bunun bitki sterolleri icin genel doz-yanit egrisinin seklini
etkilemis olmasi muhtemeldir. Bu disik tahmin, galismalarin tiim doz
araliginda esit olmayan dagiimindan kaynaklanmig olabilir. Aslinda,
nispeten yiiksek etkinlige sahip cok sayida diisik doz sterol calismasinin
mevcudiyeti muhtemelen bitki sterol egrisini daha kivrimli bir sekle dogru
cekerken, stanol egrisi g¢ogunlukla yiksek doz caligmalarindan
etkilenmistir; gercekten de dlsiik dozlar (<1,5 g/giin) kullanilarak yapilan
stanol galismalarinin sayisi sinirlidir. Mevcut analizde yapildigi gibi, farkh
doz araliklar igin ortalama etkilerin hesaplanmasi, tim doz araligindaki
veri noktalarinin dengesizliginden daha az etkilenir. Ayrica bu yaklagim,
rastgele etkili modellerin kullanilmasi yoluyla ¢alismalar arasindaki bilyik
varyasyonu daha iyi hesaba katma firsati sunmaktadir. Ote yandan, doz-
yanit yaklasiminin sinirlamalarindan biri de doz araliklarinin taniminin
oldukga &znel olmasidir.
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Sekil 2. Fitosterollerin (PS) farkll doz araliklan igin LDL-kolesterol konsantrasyonu
Gzerindeki ortalama etkileri, bitki sterolleri (B ) ve bitki stanolleri (+ ) igin ayn ayri olmak
Uzere. ®, az sayida ve genis bir doz aralifina dadimis olduklar igin bir havuzda
toplanmayan tekli yiksek doz galigmalarinin sonuglarini temsil etmektedir. Degerler
ortalamadir ve %95 Cl dikey gubuklarla gésterilmigtir.
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Ozellikle 1,5 ve 2,5 g/giin arasinda, kesme degerlerindeki kiigiik
farkhliklar (< 2 veya < 2 g/giin gibi) bitisik doz araliklarindaki calismalarin
dagiimi ve daha sonra bu belirli doz araliklan igin havuzda toplanmig
ortalamalar lizerinde énemli bir etkiye sahip olabilir. Mevcut analizde,
aksi takdirde bu araliklar cok kiiciik olacagindan, en dis doz araliklar
hari¢ olmak (zere, bitisik doz araliklan arasinda 0,5 g/glin’lik doz
adimlan kullanilmistir. Bu yaklagim, farkli doz araliklarindaki calisma
sayisinin simetrik bir dagilimina yol agsa da (artan araliklarda n 24, n 13,
n 55, n 60, n 17 ve n 27), bitki sterolii ¢aligmalarinin bitki stanolii
galismalarina orani bu tanima gore orantisizdir (sirasiyla 22:1, 9:2, 39:5,
40:18, 6:11 ve 11:15), Her durumda, doz-yanit yaklasimlarindan
higbirinin ideal olmadigl kabul edilmeli ve ele alinan arastirma sorulari
icin hangi yaklasimin secilecegine karar vermeden Gnce doz araligina
karsi siirekli yaklagimin artilari ve eksileri gdz dniinde bulundurulmalidir.

Yukarnda tartigiidign gibi  uygulanan  doz-yamt ydnteminin
sinirlamalarinin yani sira, diger bazi sinirlamalardan da bahsedilmelidir.
Mevcut analiz tipik bir meta-analiz olarak kurgulanmamistir, ancak
aslinda farkli analiz tekniklerinin kullaniimasimin Gnemini vurgulayarak
daha énce yayinlanmis meta-analizler %2 {izerine inga edilmistir. Bu
nedenle, heterojenlik testleri ve yayin yanliligi testleri yapilmamistir.
Ancak, calismalar arasi varyasyon higcbir zaman goz ardi
edilemeyeceginden, bu varyasyonun bir kismini dikkate alan rastgele
etkiler modellerini kullanmaya 6nceden karar verilmistir. Ayrica,
baslangictaki kolesterol konsantrasyonunun ve PS dozunun PS'nin LDL-
kolesterol disiirticli etkisinin boyutunu etkileyen 6nemli faktdrler
oldugu gosterilmistir (61%1); gdreceli degisikliklere ve doz-yanit iligkilerine
bakarak, bu iki dnemli faktorii ele aldigimiza inaniyoruz. Bununla birlikte,
PS dozlari araliginda gida formatlarindaki farkhiliklar gibi diger faktorlerin
calisma sonuglarini etkilemis olabilecegini géz ardi edemeyiz. Ornegin,
mevcut analizde, 2 2.0 doz < 2.5 g/giin kategorisinde bitki sterolleri igin
bitki stanollerine goére biraz daha diisiik etkinlik bulunmustur; bunun
nedeni muhtemelen bitki sterclii calismalari arasinda bitki stanolil
galismalanna gore daha fazla sayida sivi gida formati olmasidir. Kati
gidalara kiyasla sivi gidalardaki PS, gastrointestinal sistemdeki gegcis
siiresinin daha kisa olmasi nedeniyle kolesterol konsantrasyonlarini
disiirmede daha az etkili olabilir. Ayrica, sivi gidalar (icecekler) tanim
geregi bir dgiinle birlikte tiiketilmemektedir; PS'nin misel birlesmesi igin
kolesterolle en iyi sekilde rekabet etmesi ve bunun sonucunda kolesterol
emilimini en iyi sekilde engellemesi amaciyla safra salinimini tetiklemek
icin yeterli miktarda gida (yani yag) alinmasi gerekmektedir %, Dahil
edilen 6nemli sayida calisma gdz dniine alindiginda, yayin yanliliginin
bulgulan ciddi sekilde etkilemedigini varsayiyoruz. Son olarak, calisma
kalitesini degerlendirmenin oldukca &znel bir egzersiz olduguna
inandigimizdan ve diisiik kaliteli calismalarin hari¢ tutulmasmn farkh
sonuglara yol acti kanitlanmadigindan caligmalarin  kalitesi
degerlendirilmemistir ),

Ozet olarak, mevcut analiz PS'nin LDL-kolesterol diisiiriicii etkisinin
yaklasik 3 g/giin’lilk ahimlara kadar artmaya devam ederek ortalama
%12'lik bir etkiye ulastigini gostermistir. Bu durum hem bitki sterolleri
hem de stanoller igin gosterilmistir.

Farkli meta-analitik doz-yanit yéntemlerinin avantaj ve dezavantajlarini
gdz éniinde bulundurmanin énemi tartisilimistir; gelecekteki galismalar,
ele alinan arastirma sorularina ve eldeki verilere bagh olarak en uygun
doz-yanit yaklagimina karar vermelidir.

Tamamlayici materyal
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Abstract

Phytosterols (PS, comprising plant sterols and plant stanols) have been proven to lower LDL-cholesterol concentrations. The dose—response
relationship for this effect has been evaluated in several meta-analyses by calculating averages for different dose ranges or by applying
continuous dose—response functions. Both approaches have advantages and disadvantages. So far, the calculation of averages for different
dose ranges has not been done for plant sterols and stanols separately. The objective of the present meta-analysis was to investigate the
combined and separate effects of plant sterols and stanols when classified into different dose ranges. Studies were searched and selected
based on predefined criteria, Relevant data were extracted. Average LDL-cholesterol effects were calculated when studies were categorised
by dose, according to random-effects models while using the variance as weighing factor. This was done for plant sterols and stanols combined
and separately. In total, 124 studies (201 strata) were included. Plant sterols and stanols were administered in 129 and fifty-nine strata, respect-
ively; the remaining used a mix of both. The average PS dose was 2-1 (range 0-2-9-0) g/d. PS intakes of 0-6-3-3 g/d were found to gradually
reduce LDL-cholesterol concentrations by, on average, 6-12%. When plant sterols and stanols were analysed separately, clear and
comparable dose—response relationships were observed. Studies carried out with PS doses exceeding 4 g/d were not pooled, as these
were scarce and scattered across a wide range of doses. In conclusion, the LDL-cholesterol-lowering effect of both plant sterols and stanols

continues to increase up to intakes of approximately 3 g/d to an average effect of 12%.

Key words: Plant sterols: Plant stanols: LDL-cholesterol: Dose—response methods: Meta-analyses

Phytosterols (PS), comprising both plant sterols and plant
stanols, are compounds that naturally occur in all foods of
plant origin such as vegetable oils, nuts, seeds, grain products,
fruits and vegetables. The intake of naturally occurring PS
from the general diet is about 200-400 mg/d~®. Higher PS
intakes can be achieved by consuming vegetable-based diets
such as vegetarian diets for which PS intakes are almost
doubled”® or by consuming food products enriched with PS,
PS-enriched foods are well known for their total cholesterol-
and especially LDL-cholesterol-lowering properties®. Having
elevated LDL-cholesteral concentrations is one of the most
important risk factors for CVD. PS-enriched foods are
considered a valuable option as part of healthy diet and lifestyle
changes in the management of hypercholesterolaemiac"‘s).
Since the 1950, abundant research into the LDL-cholesterol-
lowering effect of PS has been carried out and this wealth of
evidence has been summarised in several meta-analysesm‘g’lz).
In these meta-analyses, the dose—response relationship for the
LDL-cholesterol-lowering efficacy of PS has been investigated.
The meta-analyses carried out by Law™, Katan et al® and

Abumweis e al’” described a dose—response relationship
based on the calculation of average LDL-cholesterol-lowering
effects for different categories of PS doses. More recently,
Demonty et al®? have investigated a continuous dose-
response relationship, as determined by a first-order elimination
function based on the assumption that processes involved in
cholesterol transport and absorption are saturable. Musa-Veloso
et al'® subsequently established similar continuous dose-
response curves, but this time for plant sterols and stanols
separately. Overall, these analyses concluded that with an
increasing dose of PS, the LDL-cholesterol-lowering effect
increases, but that this effect tapers off at doses of 2-3 g/d.

The applied approaches used to study the dose—response
relationship differ between showing average effects for ranges
of doses and estzblishing continuous dose-response functions.
Both approaches have advantages and disadvantages. Establish-
ing a continuous dose—response relationship has the advantage
that it allows predicting effects for a given dose of PS. However,
the shape of the curve largely depends on the distribution of
studies across the entire range of doses; if this distribution is

Abbreviation: PS, phytosterols.

* Corresponding author: R. T. Ras, fax +31 10 460 5993, email rouyanne.ras@unilever.com




Nf British Journal of Nutrition

Effect of phytosterols on LDL-cholesterol 215

not balanced, this type of analysis may become vulnerable for
over- or underestimation of the estimated effects at certain
doses. For example, in the meta-analysis carried out by
Musa-Veloso et al ™, the depicted plant sterol curve clearly
underestimated the effects of plant sterols at doses of
2:7-33g/d. As a result, it was suggested that a larger maximal
lowering effect exists for plant stanols than for plant sterols.
The calculation of average effects for predefined ranges of PS
doses is less sensitive to potential over- or underestimation,
but this approach does not allow predicting effects over a
continuous range of doses.

So far, the calculation of weighed averages for different
dose ranges has not been done for plant sterols and stanols
separately. Such an analysis would provide useful insights
into the comparison of the LDL-cholesterol-lowering efficacy
of these two types of PS for which some debate existst 1271,
Therefore, the main objective of the present analysis was to
investigate the combined and separate LDL-cholesterol-lower-
ing effects of plant sterols and stanols when classified into
different dose ranges. It was hypothesised that plant sterols
and stanols would exert a similar LDL-cholesterol-lowering
effect at least up to intakes of, on average, Eg/d(m).

Experimental methods
Search strategy and selection of eligible studies

To retrieve potentially relevant human studies eligible for the
present analysis, we relied on the systematic searches carried
out by the authors of the two most recent meta-analyses 1'%
that used almost identical search strategies. In the meta-
analysis carried out by Demonty et al®?, eighty-one studies
with 141 study arms were included, whereas in the more
recent meta-analysis carried out by Musa-Veloso et al?,
114 studies with 182 study arms were included. To retrieve
eligible studies that had been published after these two
meta-analyses, an additional search was carried out using
nine databases (MEDLINE, Embase, BIOSIS, CAB Abstracts,
FROSTI, Food Science and Technology Abstracts, Chemical
Abstracts, PASCAL and AGRICOLA) from September 2010 to
September 2011. Again, identical search terms were used,
limited to human studies with no restriction on language.

Based on the criteria described in the two most recent
meta-analyses™'"®, we formulated the following criteria for
selecting more recently published studies: (1) randomised
controlled studies in human adults; (2) treatment with
4-desmethylsterols and/or 4-desmethylstanols extracted from
vegetable oils such as soyabean oil, rapeseed oil and tall oil
(so no ferulated PS such as those from rice bran oil or shea
nut oil); (3) investigation of blood lipids as primary or
secondary outcomes; (4) absence of a co-intervention from
which the intake of PS-enriched foods or supplements could
not be isolated; (5) availability of relevant LDL-cholesterol
dara; (6) use of proper placebo in the control group/period,;
(7) consumption of PS for at least 2 weeks; (8) dose of PS
not exceeding 10g/d; (9) no studies including colectomised
patients because it cannot be excluded that colectomy does
not have an impact on efficacy.

Data extraction and statistical analysis

For the present analysis, the following data were extracted: refer-
ence information (first author and year of publication); study
design (parallel or cross-over); number of subjects (sample
size); test product characteristics (dose, type of PS (plant sterols
or plant stanols or mix) and food format); the placebo-adjusted
relative (%) change in LDL-cholesterol concentration plus
accompanying variance measure. In case relative changes were
not reported, these were calculated as follows:
For parallel studies,

LDLchange = %ALDLireatment — %ALDLeontrol;
where

LDLLreatmentfend = LDLmu‘nenl_baseIine
LDLireaLmEnt_baseiine

%ALDLireaiment = 100 X

and

LDLcontrol_end - LDLComrcl_bascﬁnc

%ALDL, = 100 X
el LDLcon!rol_baseline

For cross-over studies,

LDLtrcalmem_end - LDLconLrol_End
LD Lcnmml_e nd

LDLeunge = 100X

When LDL-cholesterol concentrations were measured at
various time points during the intervention, the concentration
corresponding to or closest to the 4-week time point was
taken for the analysis. When variance measures of the relative
changes were not provided and could not be retrieved based
on P values or 95% CI, these were calculated using variance
measures at baseline and end of the intervention in active
and placebo groups/periods assuming, based on an earlier
investigation™”, a within-subject correlation coefficient of 0-8.

Human intervention studies were divided into six categories
based on their PS dose: dose <1-0g/d; =1-0 dose <1:5g/d;
=15 dose <20g/d; =20 dose <25g/d; =25 dose
<3:0g/d; =30 dose =4-0g/d. This approach was chosen
so that the incremental dose step was 0-5g/d except for the
lowest and highest categories as the number of studies using
doses <05 and between 35 and 40g/d was rather
limited (7 6 each). Study arms with doses exceeding 4g/d
were scarce (n 5) and scattered across a wide range of
PS doses (5-8-9-0g/d); therefore, pooling these studies into
a single category was judged to be inappropriate; these studies
were solely used for descriptive purposes. For each study, the
PS dose was determined by the actual dose administered;
when not reported, the intended dose was used. Throughout
this article, the doses of plant sterols/stanols are expressed as
free (unesterified) plant sterol/stanol equivalents, rounded off
at one decimal.

Pooled LDL-cholesterol effects were calculated while studies
were categorised based on their PS dose (i.e. subgroup
analysis with subgroups defined by the PS dose), using
random-effects models according to the methods described by
DerSimonian & Laird"™®, Random-effects models were used as
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they take into account the variation in LDL-cholesterol-lowering
effects observed within and between studies. Studies were
weighted by the inverse of their variance (1/sE?).
Analyses were carried out for plant sterols and stanols
combined and separately, When required, a more in-depth
analysis was carried out to investigate the impact of food
format on the LDL-cholesterol-lowering efficacy of PS. The
pooled estimates and accompanying 95% CI were determined
using the PROC MIXED function of the SAS System (version
9.2; SAS Institute).

Resuits
Overview of the included studies

In total, 124 human studies with a total of 201 study arms were
included in the present analysis. In 116 study arms, a parallel
design was used whereas in eighty-five study arms, a
cross-over design was used. Plant sterols and stanols were
administered in 129 and fifty-nine study arms, respectively; in
the remaining thirteen study arms, a mix of plant sterols
and stanols was administered. The number of subjects per
study arm was, on average, 48 (range 7-201). The average
PS dose was 2'1 (range 0-2-9-0) g/d. In most of the studies,
(low-fat) margarines/spreads or dairy-type products were
used for enrichment with PS; other food formats included,
among others, cereals, mayonnaise, salad dressing, soya
products, bakery products, orange juice and vegetable oils,
An overview of the included studies is given in online
supplementary material.

LDL-cholesterol-lowering effect of plant sterols and
stanols combined and separately

The average PS doses and relative effects on LDL-cholesterol
concentrations for each of the defined dose ranges are
summarised in Table 1. When plant sterols and stanols were
analysed together, PS intakes were found to reduce
LDL-cholesterol concentrations in a dose-dependent manner
(P<0-001; Fig. 1). When plant sterols and stanols were
analysed separately, clear and comparable dose—response
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relationships were observed (Fig. 2). The impact of dose
was significant in both analyses (P<0:001 for plant sterols
and P=0-001 for plant stanols).

In the present analysis, in the dose category =2-0 dose
<2'5g/d, an apparent difference of 2% in LDL-cholesterol-
lowering efficacy was observed between plant sterols and
stanols. In post boc analysis that was set up to investigate
factors that might explain this finding, it was observed that
the consistency of the food format (either sclid/edible or
liquid/drinkable) may play a role. In fact, within this particular
dose category, fifteen of forty plant sterol studies used liquid
food formats, whereas only four of eighteen stanol studies
used this type of food format. Irrespective of the type of PS
used, liquid foods lowered LDL-cholesterol concentrations
by, on average, 6-5%, whereas solid foods lowered LDL-
cholesterol concentrations by, on average, 9-2% (P=0-003).

Discussion

The present meta-analysis based on dose ranges showed that
plant sterols and stanols lower LDL-cholesterol concentrations
to a similar extent and in a dose-dependent manner, at least
up to approximately 3g/d. The observed comparability
between plant sterols and stanols with regard to their choles-
terol-lowering potential is in line with the findings of a recent
meta-analysis™®. In this meta-analysis®®, fourteen studies that
side by side compared the LDL-cholesterol-lowering efficacy
of plant sterols with that of plant stanols at PS doses ranging
from 0:6 to 33 g/d were included. Of the fifteen study arms
reporting usable LDL-cholesterol data, seven study arms
showed a non-significantly larger LDL-cholesterol-lowering
effect for plant sterols than for plant stanols, whereas eight
study arms showed a relatively larger effect for plant stanols
than for plant sterols, Overall, it was concluded that plant ster-
ols and stanols do not have statistically or clinically relevant
differing effects on blood lipids. At higher intakes ( > 4 g/d),
some individual studies suggest a larger LDL-cholesterol-low-
ering effect for plant stanols"®?® than for plant sterols®?,
However, high-dose studies are scarce and scattered across a
wide range of PS doses (5-8—9-0g/d). For proper high-dose

Table 1. Average LDL-cholesterol-lowering effect for different dose ranges of phytosterocls (PS) combined and separately for plant sterols and stanols

(Mean values and 95 % confidence intervals)

Average LDL-cholesterol effect (%)

Combined Plant sterols Plant stanols
PS dose Average PS
categories (g/d)*  Study arms (n) dose (g/d) Mean 95% Cl Mean 95% ClI Mean 95% ClI
Dose < 1.0 24 (1 mix, 22 sterol, 1 stanol) 06 -5.7 =71, —44 -56 -71, —4.2 -7-4 -152, 04
=1.0dose <15 13 (2 mix, 9 sterol, 2 stanol) 11 —-6.4 —82, —4.6 =65 -86, —44 -63 -—12.0,-06
=1-5dose <2.0 55 (7 mix, 39 sterol, 9 stanol) 1.7 —76 —84, —68 -76 —86, =67 —-6.7 —88, —4-7
=2-0dose <25 60 (2 mix, 40 sterol, 18 stanol) 21 -84 -982, -786 —8-0 -8.0, =70 -100 -—11.3, -86
=2-5dose < 3.0 17 (0 mix, 6 sterol, 11 stanol) 2.6 -103 -11.8, —8.9 —-105 =137, -7-3 -104 -=11.7, =91
=3-0dose=4.0 27 (1 mix, 11 sterol, 15 stanol) 3.3 -124 -186,-112 -123 -14.0,-106 —125 —14.1,-108
P (dose effect) <0-001 <0-001 0-001

" Studies carried out using doses exceeding 4 g/d were not included in the present nalysis, as these were scarce and scattered across a wide range of doses; clustering them
was judged to be inappropriate.
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Average change in LDl-cholesterol
concentration {%)

Average PS dose (g/d)

Fig. 1. Average effects on LDL-cholesterol concentration for different dose
ranges of phylosterols (PS) up to 4g/d. The @ represent outcomes of single
high-dose studies that were not pooled as these were scarce and scattered
across a wide range of doses. Values are means, with 95% CI represented
by vertical bars.

equivalence testing, a direct comparison study would be
needed with subjects on either high-dose plant sterol or
high-dose plant stanol treatment being studied under the
same conditions. As such a study has so far not been carried
out, drawing conclusions on potential differences in efficacy
between plant sterols and stanols at higher doses is not justi-
fied, as has been recently discussed by Plat et a9,

The dose dependency of the LDL-cholesterol-lowering
effect of PS has previously been demonstrated in several
meta-analyses® 12 and in  individual dose—response
studies922-29 g, far, meta-analyses have suggested that the
LDL-chelesterol-lowering effect of PS tapers off at intakes of
2-3g/d with lide additional benefit at higher intakes®!?,
Consequently, several health authorities have included 2g/d of
PS from enriched foods as part of their diet and lifestyle guide-
lines in the management of hypercholesterolaemia™®%®_ From
the present analysis, it appears that at least up to
approximately 3 g/d of PS, there is 2 proportional dose—response
effect. As the inhibition of cholesterol absorption by PS is
probably a saturable process, some tapering-off effect would,
however, be expected, but probably at doses slightly higher
than 3g/d. If indeed PS intakes >3g/d lead to a greater
LDIL-cholesterol benefit, this would be meaningful from a clinical
view pointas additional LDL-cholesterol lowering could lead to a
greater CVD risk reduction. However, the practical implications
of higher PS intakes, such as the technical feasibility of incorpor-
ating higher amounts of PS into foods, cost—benefit aspects and,
especially, the compliance of consumers, need to be considered.
Based on research in populations that actually use foods
with added PS, it appears that the intake of PS in real life
is far below the recommendation®?”; on average, users
consume 14 g/d of PS-enriched margarine, which corresponds
to a PS intake of approximately 1g/d. Therefore, encouraging
people to consume PS at amounts exceeding approximately
3 g/d seems unrealistic, In addition, because of the observations
of premature atherosclerosis in rare homozygous sitosterclaemic
patients®™ and due to epidemiological evidence suggesting a
positive association between plasma plant sterol concentrations
and CVD risk®, some concerns have been raised related 1o
the increase in plasma plant sterol concentrations followi
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high intakes of plant sterols from enriched foods. However, a
recent meta-analysis summarised the totality of observational
studies that investigated the association between modestly
elevated plasma plant sterol concentrations and CVD risk and
concluded that such an association does not exist®®. Further-
more, plasma plant sterol concentrations after the intake of
foods with added plant sterols remain below 1% of total sterol
concentrations circulating in the blood™™. All in all, taking
these aspects into account, the current recommendations to
consume 2-3 g/d of PS for achieving a significant cholesterol-
lowering effect seem to be still valid.

The use of different approaches to investigate dose—response
relationships in meta-analyses may sometimes lead to different
conclusions being drawn. For instance, Musa-Veloso et al.%?
previously concluded that the maximal LDL-cholesterol-
lowering efficacy was greater for plant stanols (16:4%) than
for plant sterols (8:3%) when analysing continuous dose—
response curves. Also in the meta-analysis carried out by
Demonty et al. ', a non-significant 6.7 % difference in maximal
cholesterol-lowering efficacy was observed between plant sta-
nols and sterols based on continuous analysis. Such an
approach offers the opportunity to predict the LDL-choles-
terol-lowering effect of a given PS dose. However, the applied
model seems to underestimate the LDL-cholesterol-lowering
effect of plant sterols at doses of about 3g/d. It is likely that
this has affected the shape of the overall dose—response curve
for plant sterols. This underestimation may have been caused
by an unequal distribution of studies across the entire dose
range. In fact, the availability of a large number of
low-dose sterol studies with relatively high efficacy probably
pulled the plant sterol curve towards a more curvy shape,
whereas the stanol curve was mostly influenced by high-dose
studies; indeed the number of stanol studies carried out using
low doses (<1-5g/d) was limited. The calculation of average
effects for different dose ranges, as has been done in the present
analysis, is less influenced by an imbalance of data points across
the entire dose range. Moreover, this approach offers the
opportunity to better take into account the large between-study
variation by means of using random-effects models. On the
other hand, one of the limitations of the dose—response
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Fig. 2. Average effects on LDL-cholesterol concentration for different dose
ranges of phytosterols (PS), separately for plant sterols (m) and plant stanols
(2). The @ represent outcomes of single high-dose studies that were not
pooled as these were scarce and scattered across a wide range of doses.
Values are means, with 95 % Cl represented by vertical bars,
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approach is that the definition of the dose ranges is rather subjec-
tive. Especially between 1-5 and 2-5 g/d, small differences in cut-
off values (e.g. <2 or =2 g/d) could have 2 significant impact on
the distribution of studies in the adjacent dose ranges and
subsequently on the pooled averages for these particular dose
ranges. In the present analysis, dose steps of 0:5 g/d were used
between adjacent dose ranges, except for the outmost dose
ranges, as these ranges would otherwise become too small.
Although this approach led to a symmetrical distribution of the
number of studies in the different dose ranges (z 24, n 13,
n 55, n 60, n 17 and % 27 in ascending ranges), the ratio of
plant sterol studies:plant stanol studies was disproportional by
this definition (22:1, 9:2, 39:9, 40:18, 6:11 and 11:15, respectively).
In any case, one should acknowledge that none of the
dose-response approaches is ideal and should consider the
pros and cons of the dose range . the continuous approach
before deciding which approach to choose for the research
questions being addressed.

Besides the limitations of the applied dose-response
method as discussed above, some other limitations should
be mentioned. The present analysis was not set up as a typical
meta-analysis, but in fact builds on previous published meta-a-
nalyses™'*? by highlighting the importance of using different
analysis techniques. Therefore, heterogeneity tests and publi-
cation bias tests were not carried out. However, as between-
study variation can never be ruled out, we decided before-
hand to use random-effects models that take into account
some of this variation. In addition, the baseline cholesterol
concentration and the dose of PS have been shown to be
important factors affecting the size of the LDL-cholesterol-low-
ering effect of PS®'*'; by looking at relative changes and
dose—response relationships, we believe that we have
addressed these two important factors. Nevertheless, we
cannot exclude that confounding by other factors, such as
differences in food formats across the range of PS doses,
might have affected the study outcomes. For example, in the
present analysis, we found slightly lower efficacy for plant
stercls than for plant stanols in the dose category =20 dose
<25g/d; this was probably due to a larger number of
liquid food formats among the plant sterol studies than
among the plant stanol studies. PS in liquid foods v. solid
foods might be less effective at lowering cholesterol concen-
trations due to a shorter transit time in the gastrointestinal
tract. Also, liquid foods (drinks) are not per definition
consumed together with a meal; sufficient ingestion of food
(i.e. fap) is required to trigger bile release for PS to optimally
compete with cholesterol for micellar incorporation and
subsequently to optimally inhibit cholesterol absorption®®?.
Given the substantial number of studies included, we
assume that publication bias had not affected the findings
severely, Lastly, the quality of studies was not assessed as
we believe that rating study quality is a rather subjective exer-
cise and it has not been shown that excluding low-quality
studies leads to different conclusions™?,

In summary, the present analysis showed that the
LDL-cholesterol-lowering effect of PS continues to increase
up to intakes of approximately 3 g/d to an average effect of
12%. This was shown for both plant sterols and stanols.

The importance of considering the advantages and disadvan-
tages of different meta-analytical dose—response methods
was discussed; future studies should decide on the most suit-
able dose-response approach depending on the research
questions being addressed and the data available.
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