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Ozet: Metabolik sendrom (MS), niifusun %40'ina kadarim etkiler ve kalp yetmezligi, felg ve diyabet ile iliskilidir.
Fitosteroller (PS), bir veya daha fazla MS kriterinin ydnetilmesine yardimci olabilir. Bu ¢aligmanin amaci, MS
hastalarinda alt1 aylik bir miidahale siiresi boyunca, 2 g serbest fitosterol nanopartikiillerinin sulu dispersiyonunun
giinliik takviyesinin terapotik etkisini plasebo ile karsilagtirarak degerlendirmekti. Bu ¢ift kor ¢alisma, randomize
olarak fitosterol (n = 102) ve plasebo (n = 100) gruplarina ayrilmis 202 MS hastasini igermektedir. Katilimcilar
baslangicta, 4, 12 ve 24. haftalarda degerlendirildi. Genel saglik sorulari, antropometrik dl¢iimler ve kan parametreleri
analiz edildi. 24. haftada, fitosterol grubunda trigliserid diizeyi yiiksek (>150 mg/dL) olan katilimcilarin orani, plasebo
grubuna gore %15,65 daha diisiiktii (p-degeri = 0,023). Benzer sekilde, fitosterol grubundaki katilimeilarm yarisi bel
gevresini 4 cm'ye kadar azaltirken, plasebo grubunda bu deger 0 cm'dir (p-degeri = 0,0001). Herhangi bir yan etki
(ishal veya D vitamini azalmasi) bildirilmemistir; bununla birlikte, fitosterol grubundaki katilimcilarin yaklasik %70'
bagirsak aligkanliklarinda iyilesme oldugunu bildirmistir. Serbest PS nanopartikiillerinin giinliik alimi, baz1 MS
kriterlerini iyilestirmistir; bu nedenle, MS hastalari i¢in umut verici bir yardimci tedavi olabilir (NCT02969720).

Anahtar kelimeler: fitosteroller; metabolik sendrom; bel gevresi; trigliseritler; lipoprotein; kabizlik

1. Giris

Metabolik sendrom (MS), diinya ¢apinda %S5 ile %40 arasinda bir prevalansa ulasan, birbiriyle iliskili fizyolojik
ve metabolik degisikliklerin bir kiimesidir [1-5]. MS'in farkli klinik tanimlarina ragmen, lipit profilindeki
degisiklikler, hiperglisemi, obezite ve yiiksek tansiyon yaygin 6zelliklerdir [6-12]. Asir1 kilo, obezite ve insiilin direnci,
MS'nin ana nedenleri olarak gosterilmekte olup, bunlar beslenme ve fiziksel aktivite ile yakindan iligkilidir [13,14].
Tamamlayici olarak, MS ve bilesenleri, kismen kimyasal ve hormonal degisikliklerin neden oldugu hiicresel islev
bozukluklarinin yani sira kiimiilatif makro- ve mikrovaskiiler degisiklikler nedeniyle [15,16] kisa ve uzun vadeli
kardiyovaskiiler riskleri artirabilir [16,17]. Bu patofizyolojik bozukluklar kalp yetmezligi, felg ve diyabet riskini artirir
[18,19] ve dnemli bir hastalik yiikii olusturur [20-22].

MS, genellikle her bir MS kriterine odaklanan yasam tarzi degisiklikleri ve/veya farmakolojik miidahalelerle
onlenebilir veya kismen geri dondiiriilebilir. Tkinci durum siklikla ¢oklu ilag kullanimi [23] ve ¢oklu advers ilag
olaylarina yol acarak olumsuz saglik sonuglarina ve ila¢ uyumsuzluguna neden olmaktadir. [24]. Bu baglamda,
nutrasotikler bu dezavantajlari agmak i¢in dogal alternatifler olarak onerilmistir. Bu alternatiflerde, fitosteroller (PS)
veya bitki sterolleri, fizyolojik ve metabolik degisiklikleri olan bireyler i¢in yardimecr tedavi olarak
degerlendirilmektedir [25, 26].

PS ve fitostanol (PSn), sebze ve meyvelerde dogal olarak bulunan kolesterol benzeri molekiillerdir. PS, 1950'li
yillarda Pollak ve arkadaglarinin PS aliminin diyet kolesterol emilimini azaltabilecegini bildirmesinden bu yana serum
kolesteroliinii yonetmek i¢in 6nerilmistir [27]. O zamandan beri, birgok ¢aligma giinlikk PS tiiketiminin serum toplam
kolesterol (TChol) ve diisiik yogunluklu lipoprotein kolesterol (LDL-c) diizeylerini azaltabilecegini bildirmistir [28-
30]. Ek olarak, PS/PSn alimi diger fizyolojik ve metabolik parametreleri de iyilestirebilir. Plat ve arkadaslari, 8 b a\ ERC

boyunca 2 gram PSn tiiketen bireylerde, yiiksek yogunluklu lipoprotein kolesterol, TChol ve trigliserid
diizeylerinde azalma oldugunu bulmuslardir [31]. Sialvera ve arkadaslari, iki aylik miidahalenin ardindan dg
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PS tiiketen MS hastalarinda TChol, LDL-c, TG ve kii¢iik yogun LDL diizeylerinde azalma gdzlemlemistir [32]. Buna
karsilik, baska bir ¢calismada, {i¢ ay boyunca iki gram PS aliminin MS hastalarinin lipit profilinde iyilesme saglamadigi
gosterilmistir [33]. Diger ¢alismalar, PS'in aglik glikozunu [34] ve kan basmcini [35] iyilestirebilecegini belirtmistir.

Bu farkli bulgular ¢esitli faktorler agiklayabilir, 6rnegin PS/PSn'in verildigi gida matrisi, PS/PSn'nin giinliik
dozu, serbest veya esterlestirilmis formu ve niifus 6zellikleri [36-39]. Ozellikle, serbest PS nanopartikiiller (<1 pm)
hiperkolesterolemik bireylerde PS esterlere kiyasla hipotrigliseridemik etkiler gostermistir [40]. Ancak, bilgimiz
dahilinde, MS hastalarinda serbest fitosterol nanopartikiillerinin (f-PSnano) sulu dispersiyonunun etkisini
degerlendiren higbir ¢aligma bulunmamaktadir.

Bu ¢aligmanin temel amaci, alt1 aylik bir miidahale siiresi boyunca MS hastalarina giinliik olarak 2 g f-PSnano
iceren sulu dispersiyonun terapétik etkisini plasebo ile karsilastirarak degerlendirmekti. PS tiiketiminin MS'li
bireylerdeki diger metabolik degisiklikler iizerindeki etkilerine iligkin bilgimizi genisletmek amaciyla ikincil ve
kesifsel analizler yapilmistir.

2. Malzemeler ve Yontemler

2.1. Tasarim

Bu ¢alisma, MS hastalarinda f-PSnano'nun paralel, randomize, ¢ift kor, plasebo kontrollii bir denemesidir. Bu
deneme, 2018 y1linin Ocak ayindan Kasim ayma kadar Sili'de birincil bakim merkezi olarak kabul edilen ii¢ merkezde
gerceklestirilmistir. Ayrica, bu caligma Helsinki Bildirgesi ve Iyi Klinik Uygulama kilavuzlarina uygun olarak
gerceklestirilmis, Sili Dogu Metropolitan Saglik Hizmetleri Etik Kurulu tarafindan onaylanmig ve ClinicalTrials.gov
(NCT02969720) kayithidar.

2.2. Katthmcilar

Katilimeilar, asagidaki kriterleri karsilamaliydi: (i) 18 ile 65 yaslar1 arasinda olmak; (ii) sabah randevularina
katilabilmek; (iii) metabolik sendrom tanist almis olmak veya c¢aligmanin baslangicinda tani kriterlerini karsilamak.
Kisi, Alberti ve digerleri tarafindan 6nerilen MS kriterlerinden (Tablo 1) en az {igiinii kargiladiginda MS tanisi alir
[13]. Ote yandan, asagidaki durumlarda katilimeilar ¢alismaya dahil edilmedi: (i) alkolle ilgili sorunlari olanlar; (ii)
ailesinde sitosterolemi veya hiperkolesterolemi 6ykiisii olanlar; (iii) ¢aligma sirasinda fitosterol tiiketenler; (iv) hamile
veya emzirenler; (v) miyokard enfarktiisii, inme, dekompanse diyabet veya hipertansiyon dykiisii olanlar; (vi) kendi
adina karar veremeyenler; (vii) kilo kontrol haplar1 kullananlar. Bu ¢aligma sirasinda, ilag alimi1 veya beslenme
aligkanliklarinda herhangi bir kisitlama uygulanmamuigtir.

Tablo 1. 2009 yilinda kabul edilen metabolik sendrom (MS) kriterleri.

Kriter Kategorik Kesme Noktasi
Bel gevresi Etnik ve iilkeye 6zgii tanimlara baglidir *
Trigliseritler >150 mg/dL veya ozel tedavi (fibratlar veya nikotinik asit)

Erkeklerde <40 mg/dL; kadinlarda <50 mg/dL veya 6zel tedavi

Yiiksek yogunluklu lipoprotein kolesterol (HDL-C) (fibratlar veya nikotinik asit)

Kan basmci (BP) Sistolik kan bfiSll’lCl >130 veya diyastf)lik kan. basimci > 85 mmHg veya
onceden teshis edilmis hipertansiyon tedavisi
Aglik glikemisi >100 mg/dL veya daha 6nce tip 2 diyabet tanist almig

! Bu ¢aligma igin Giiney Amerika niifusu dikkate alinmistir: >90 cm (erkekler) ve >80 cm (kadinlar). Kaynak: [13].

Gerekli katilimci sayisi, iki bagimsiz grup ve basari/basarisizlik seklinde ikiye ayrilan sonlanim noktas: dikkate
almarak hesaplandi; burada basari, anormal bir kriterle baglayip normal bir kriterle sona ermesi olarak kabul edildi
(Tablo 1). Istatistiksel parametreler 1:1 kayit orani, %5 alfa, %90 gii¢ ve gruplar arasindaki %10 farkt1. Bu hesaplama
sonucunda 190 katilimer elde edildi, ancak %15 oraninda katilimer kaybi olacagini géz oniinde bulundurarak, nihai
orneklem biiyiikliigii her grup igin 110 katilimer olarak belirlendi.

2.3. Prosediirler ve Degerlendirmeler

Bu ¢alisma, bir tarama donemi, bir baslangi¢ ziyareti (V1) ve {i¢ ziyaret igeren 24 haftalik miidahale asamasini
kapsamaktadir (Sekil 1).




Tibbi ge?mlse_dayall Ziyaret 2 Ziyaret 3 Ziyaret 4
tarama dénemi
Plasebo Grubu
Telefonla
Uygun irtibat —  Ziyaret1
katilimeilar (Baslama)
-Gorlisme
-Kayit .
Miidahale grubu
i i i
Hafta 4 Hafta 12 Hafta 24
Rastgele atama (Cahsma sonu)

Sekil 1. Caligmanin genel semast.

Katilimeilar, birincil merkezlerdeki tibbi saglik kayitlarindan taranmis ve bu ¢alisma igin uygunluk kriterlerini
kargilayanlar se¢ilmistir. Karsiliyorlar ise bas arastirmaci (PI) tarafindan iletisime gecildi ve ilk toplantiya davet edildi.
Katilimeilar kabul ederse, V1 diizenlendi ve iki asamadan olustu. Ilk olarak, PI calismay1 ayrntili olarak acikladi ve
tiim katilimeilarin sorularini yanitladi. Katilimeilar katilmay1 kabul edip yazili bilgilendirilmis onam verdikten sonra,
miidahale grubu veya plasebo grubuna rastgele dagitildilar. V1'nin ikinci boliimiinde, bir hemsire protokol uyarinca
katilimcilar1 degerlendirdi ve 6gle yemeginde takviyenin nasil tiiketilecegine dair genel talimatlarla birlikte bir beyaz
kutu verdi (dogrudan veya bir bardak suyla seyreltilerek). Ayrica, katilimeilara giinliik bir defter verildi. Bu deftere,
katilimcilar “ekstra” veya “garip” semptomlari, atlanan dozlar1 veya diyet veya diizenli ilag alimindaki degisiklikleri
not edebildiler.

Tiim ziyaretlerde yapilan degerlendirmeler sunlar igeriyordu: genel saglik durumuyla ilgili sorular; iiriin
toleransi; yasamsal belirtiler; antropometrik dl¢iimler; kan testleri; katilimcilarin defterlerinin analizi. Ozellikle, hayati
belirtiler arasinda Omron 7120 monitdrleri kullanilarak 6lgiilen kan basinci (BP) ve kalp atig hiz1 (HR) yer almaktaydi.
Antropometrik Sl¢iimler boy, kilo ve bel ¢evresi (WC) idi. Kan analizi, lipit profili (TChol, LDL-c, ¢ok diisiik
yogunluklu lipoprotein kolesterol (VLDL-c), HDL-c, TG ve lipit partikiilleri), biyokimyasal profil (glikozillenmis
hemoglobin (HbAlc), insiilin, aglik glikemisi ve insiilin direncinin homeostatik model degerlendirmesi (HOMA-IR)
indeksi) ve D vitamini degerlerini icermektedir. Kan 6rnekleri, 12 saatlik aclik sonrasinda, pihti aktivatorii ve jel serum
ayiricl, sodyum floriir/potasyum oksalat ve etilendiamintetraasetik asit (EDTA) igeren tiiplere, Vacutainer sistemi®
veya gerektiginde siringa kullanilarak alinmistir. Toplandiktan sonra, numuneler kan numune kabina konuldu ve
Sili'deki 'Instituto Radiologico Providencia'ya gotiiriildii. A¢lik glikemisi ve insiilin, sirasiyla glikoz heksokinaz (Glu-
HK) ve kemiliiminesans yontemleri kullanilarak analiz edildi; glikozillenmis hemoglobin, kapiler elektroforez yontemi
ile elde edildi; lipit profili, kolesterol oksidaz fenol 4-aminoantipirin peroksidaz (CHOD-PAP) yontemine gore elde
edildi ve vitamin D, kemiliiminesans yontemi kullanilarak elde edildi.

Bagirsak aligkanliklari, kendi algilar1 ve katilimeilarin raporlarina gore degerlendirildi. Katilimeilarin veya
aragtirma ekibinin ihtiyaclarina gore, ¢alisma boyunca telefonla iletisim siirdiiriildii.

2. ziyaret (V2-4. hafta), 3. ziyaret (V3-12. hafta) ve 4. ziyaret (V4-24. hafta) sirasinda katilimcilar protokole gére
degerlendirildi ve V4 tedavisinde her katilimciya atamasi agiklandi. Ek Materyallerdeki Tablo S1, her ziyarette hangi
degerlendirmenin yapildigini gostermektedir.

2.4. Randomizasyon ve Maskeleme

Kayit olduktan sonra, katilimeilar STATA 13.0 yazilimi tarafindan olusturulan basit rastgele bir siraya gore 1:1
oraninda miidahale grubu (fitosterol grubu) veya plasebo grubuna ayrildi. PI, klinik aragtirma hemsirelerine plasebo
veya f-PSnano posetleri i¢eren kodlanmis beyaz kutular teslim etti. Katilimcilar ve hemsireler bilgilendirilmedi.

2.5. Miidahale

Miidahale grubuna ayrilan katilimeilar, alt1 aylik bir siire boyunca giinde 2 g f-PSnano igeren sulu bir dispersiyon
tikettiler. Her bir dispersiyon poseti (8 ml) camdan elde edilen f-PSnano, yiizey aktif maddeler (<0,5%) ve su igerir.
Kontrol grubundaki katilimcilara titanyum dioksit, ksantan zamki, karragenan, yiizey aktif maddeler (<%0,5
potasyum sorbat, sitrik asit ve sudan olusan bir sulu dispersiyon (10 mL) verildi. Uriin ile plasebo arasindaki 2
fark, her bir posetin boyutunu degistirmez ve fitosteroller/plasebo dogrudan tiiketildiginde veya bir bardgk<g
seyreltildiginde ayni beyaz rengi elde etmek igin yapilmistir.

F-PSnano ve plasebo'nun sulu dispersiyonu Nutrartis S.A. tarafindan iiretilmis ve temin edilmistir. Her i
¢aligma boyunca ¢ift maskelemeyi saglamak i¢in 35 adet diiz poset i¢eren, ayn1 kodlu beyaz diiz kiip .\’-,:, TSRy




edilmistir.

2.6. Ciktilar

Birincil sonug, fitosterol ve plasebo gruplari arasinda V4'te 'anormal'/normal' MS kriterlerine gore siniflandirilan
katilimcilarin oraniydi. Bireylere MS dahil olmak {izere ilaglarin1 kesmeleri istenmediginden, ¢aligma sonunda MS'ten
'kurtulmus' katilimeilarin orani degerlendirilemedi. Ancak, her iki grup i¢in V4'te iyilesen MS parametrelerinin oranini,
yani 'anormal'den 'normal'e gegis oranini dikkate aldik. 'Anormal' olarak bel gevresi >90 cm (erkekler) veya >80 cm
(kadinlar); trigliserit >150 mg/dL; yiiksek yogunluklu lipoprotein kolesterol <40 mg/dL (erkekler) veya <50 mg/dL
(kadinlar); sistolik kan basinc1 >130 mmHg veya diyastolik kan basinc1 >85 mmHg; aglik glikemi >100 mg/dL olarak
kabul edildi. Bununla birlikte, bu ikili smiflandirma, bireyler arasindaki metabolik riskteki onemli farkliliklari
gizleyebilir; bu nedenle, genel metabolik sendromun siddetini daha net bir sekilde belirlemek i¢in Gurka ve arkadaslart
tarafindan 6nerilen [41,42] bel ¢evresi temel alinarak metabolik sendrom siddet Z skoru (MetS-Z) degerlendirilmistir.
Bu puanin ABD niifusu temel alinarak olusturuldugu ve $ili niifusu i¢in gecerliliginin dogrulanmas: gerektigi
unutulmamalidir.

Baslica ikincil sonuglar, toplam kolesterol (TChol), LDL-c, ¢ok diisitk yogunluklu lipoproteinler (VLDL-C),
yiiksek yogunluklu lipoproteinler (HDL-c), trigliseritler (TG), aglik glikemisi (FG), glikozillenmis hemoglobin
(HbAlc), aclik insiilini (FT), HOMA-IR indeksi, viicut agirligi, viicut kitle indeksi (BMI), bel ¢evresi (WC), sistolik ve
diyastolik kan basmci (SBP ve DBEF, sirasiyla) V2, V3 ve V4'te, ayrica her ziyaret ile baslangi¢ arasindaki fark ve
gruplar arasindaki farkti. Kesif amagl sonuglar, her ziyaret sirasinda katilimcilarin bir alt grubunun lipoprotein
pargacik sayisini igeriyordu. Giivenlik sonuglari, olumsuz ve ciddi olaylari icermektedir. Calismaya baglamadan 6nce,
kolesterol emilimindeki degisiklikler nedeniyle PS tiiketiminin bagirsak aligkanliklarini degistirebileceginden, ishal
potansiyel bir yan etki olarak degerlendirildi. Ayrica, lipofilik vitamin emiliminde olas1 bir degisiklik nedeniyle D
vitamini 6l¢limii yapilmustir [43]; bu nedenle, bunlar rutin degerlendirmelere dahil edilmistir. Miidahale nedeniyle tibbi
veya cerrahi miidahale gerektiren her olay, ciddi bir advers olay olarak kabul edildi.

2.7. Istatistiksel Analizler

Her MS kriteri, Tablo 1'de sunulan kesme noktalarina gore kategorik bir degisken (‘normal'/'anormal’) olarak
degerlendirildi ve metabolik sendrom siddet skoru Gurka ve digerlerine gore hesaplandi [41,42]. Baz1 katilimeilar geri
dondiiriilemez bir durum olan ilag kullanimi nedeniyle, daha kesin degisiklikleri ve baslangi¢ degerinden itibaren
degisimin biiylikligiinii gézlemlemek i¢in tamamlayict MS kriterleri ve ikincil sonuglar siirekli degiskenler olarak
analiz edildi; bu nedenle baslangi¢ degerleri 6nemlidir. Cinsiyet farkliliklarin1 (kadinlar/erkekler) arastirmak igin alt
grup analizleri yapilmistir. Kesif amagli sonuglar betimsel olarak analiz edildi.

Veri normalligi 6zet 6lgiimler, histogramlar ve Shapiro-Wilk testi kullanilarak degerlendirildi. Normal dagilim
gosteren veriler igin ortalama ve standart sapma (SD) sunulmus ve parametrik testler (Student's T-testi) kullanilmistir;
aksi takdirde, medyan ve 25. ve 75. yiizdelik dilimler (p25-p75) dikkate alinmig ve parametrik olmayan testler (Mann-
Whitney U testi) uygulanmistir. Kategorik verileri karsilastirirken, Ki-kare testi veya kesin Fisher testi kullanilmig ve
oranlarin testi uygun sekilde uygulanmigtir.

Heterojen olmayan gruplar i¢in, genel dogrusal regresyon modelleri kullanarak cinsiyet, yas ve bazal kosullar
i¢in etkileri ayarladik.

Tim testlerde anlamlilik diizeyi %5'in altinda olarak belirlenmis ve tiim istatistiksel analizler STATA 13.0
kullanilarak gergeklestirilmistir.

3. Sonuglar

3.1. Ornek Ozellikleri

Tibbi kayitlardan 850 kisiyi taradik ve bunlardan 546'st MS kriterlerini karsilamadigi i¢in uygun bulunmadi.
Toplam 219 katilimc1 kayit edildi ve rastgele fitosterol (n = 109) veya plasebo (n = 110) grubuna ayrildi. Calisma
boyunca, 17 katilime1 ¢ogunlukla sabah degerlendirmelerine katilmak i¢in yeterli zamani olmadig igin ¢alismadan
ayrildi. Toplam ayrilma siklig1 asagidaki gibidir: V2'de 12 katilimci (altist plasebo grubundan ve altisi fitosterol
grubundan), V3'te 14 katilimci (yedisi plasebo grubundan ve yedisi fitosterol grubundan) ve V4'te 17 katilimer (o
tanesi plasebo grubundan ve yedisi fitosterol grubundan) aragtirmadan ayrildi. Bu ayriimalara ragmen, 202 katyfci\ ERC 1)

bu ¢alismay1 %100 veri ile tamamladi. Sekil 2, ¢alismanin akis semasini géstermektedir.

Baslangigtaki katilimcilarin 6zellikleri gruplar arasinda dengeli olup, baslangigta sosyodemografik, sag
ve fizyolojik degiskenler agisindan 6nemli farkliliklar goriilmemistir (Tablo 2).

Uygunluk agisindan degerlendirilen katilimeilar (n=850)



Uygunluk kriterini karsilamayan
katilimcilar (n=546)

Calismaya katilmak istemeyen
katihmcilar (n=85)

Rastgele secilen katihmcilar (n=219)

Fitosterol koluna segilenler (n=109)

Plasebo koluna segilenler (n=110)

Takibe katilamayanlar (n=7) Takibe katilamayanlar (n=18)
e 5 Kisi sabah goriismesine katilamadi e 6 kisi sabah goriismesine katilamadi
e 1 kiginin ikameti degisti e 2 kisi gahsmadan degisiklik veya fayda
hissetmedi

e 1 kisi sebepsiz birakt:
e 2 kisi sebepsiz birakti

Calismay: tamamlayan ve analiz edilen Calismay1 tamamlayan ve analiz edilen
katihmeilar (n=102) katihmeilar (n=100)

Sekil 2. Calismanin akig semast.

Tablo 2. Gruplara gore temel katilimcilarin 6zellikleri.

KERRYPNX Fitosterol (n =102)  Plasebo (n = 100) p-Degeri
Sosyo-demografik degiskenler
Ay cinsinden yas, medyan (p25-p75) 520 (407-636) 527,5 (414-632.5) 0,9568
Cinsiyet
Erkek, n (%) 28 26
Kadm, n (%) 74 74 0,816
Sosyoekonomik durum (kendi beyanima gore)
Yiiksek, n (%) 3(2,94) 2(2)
Orta, n (%) 93 (91,18) 90 (90)
Diisiik, n (%) 6 (5,88) 8(8) 0,733

Genel saglikla ilgili bilgiler
Altta yatan saglik durumu

Evet, n (%) 86 (84,31) 79 (79)
Hayir, n (%) 16 (15,69) 21 (21) 0,329
Eszamanli ilag kullanimi
Evet, n (%) 63 (61,76) 57 (57)
Hayir, n (%) 39 (38,24) 43 (43) 0,491
Sigara
Evet, n (%) 55 (53,92) 44 (44)
Hayir, n (%) 47 (46,08) 56 (56) 0,158
Alkol tiiketimi
Evet, n (%) 67 (65,69) 72 (72)
Hayir, n (%) 35(34,31) 28 (28) 0,333
Giinde yemek sayisi, medyan (p25-p75) 3(3-3) 3(3-3) 0,1777
Fiziksel aktivite
Evet, n (%) 44 (43,14) 46 (46)

Hayrr, n (%) 58 (56,86) 54 (54) 0,682




Tablo 2. Devami

KERRYPNX p-Degeri
Fitosterol (n = 102) Plasebo (n = 100)
Kan testi parametreleri, medyan (p25-p75)
Toplam kolesterol (mg/dL) 196(169-224) 196 (168.5-225) 0,9789
LDL-c (mg/dL) 118,5 (99-144) 118,5 (100.5-147.5) 0,8069
VLDL-c (mg/dL) 26,5 (20-42) 28,5 (20-10.5) 0,9625
Insiilin (ul/mL) 15,6 (10.38-23.7) 13,36 (9.07-18.48) 0,1065
HOMA-IR indeksi 3,02 (1.94-4.26) 3,62 (2.28-5.52) 0,0684
Glikozillenmis hemoglobin - HbAlc (%) 5,215 (4.98-5.77) 5,305 (4.96-5.69) 0,7361
Vitamin D (ng/mL) 24,6 (19.9-29) 24,25 (19.7-29.55) 0,9109
Antropometrik 6l¢timler ve yasamsal belirtiler, medyan (p25-p75)
Agirhk (kg) 78,95 (71.2-90.1) 80,6 (70.5-89.75) 0,8985
Boy (m) 1,585 (1.55-1.67) 1,59 (1.545-1.675) 0,7413
Viicut kitle indeksi (kg/m?) 30,63 (27.46-34.4) 30,55 (28-34.46) 0,5298
Kalp atis hiz1 (dakikada atis sayisi) 72 (67-80) 71 (65-76.5) 0,0455
Metabolik sendrom degiskenleri, medyan (p25-p75)
Bel gevresi (cm) 99,5 (93-105) 100,5 (92-108.5) 0,4795
Trigliseritler (mg/dL) 138 (105-221) 143,5 (100.5-202.5) 0,8303
HDL-c (mg/dL) 43,5 (37-52) 43 (37.5-51) 0,9875
Sistolik kan basinci (mm Hg) 122 (113-133) 119,5 (110.5-132) 0,2176
Diyastolik kan basinci (mm Hg) 83 (78-90) 82 (76-89) 0,6188
Aglik glikemi (mg/dL) 93,5 (88-99) 91 (85.5-98) 0,0910
Metabolik sendrom kriterleri, n (%)
3 71(69,61) 76 (76)
4 22 (21,57) 20 (20) 0,379
5 9(8,82) 4(4)
MetS-Z, medyan (p25-p75) 0,463 (0.06-0.99) 0,489 (-0.02-0.93) 0,5947

(p25-p75): 25. persentil ve 75. persentil; LDL-c: diisiik yogunluklu lipoprotein kolesterol; VLDL-c: ¢ok diisiik yogunluklu lipoprotein
kolesterol; HDL-c: yiiksek yogunluklu lipoprotein kolesterol; MetS-Z: metabolik sendrom siddet Z skoru.

3.2. Birincil Cikti

Bu calismanin baglangicinda, katilimcilar ii¢ ila bes MS kriterini karsiliyordu (Tablo 2) ve dagilim gruplar
arasinda benzerdi (tablo p = 0,379). V4'te, baz1 katilimcilar diizenli ilaclarin kesilmedigi veya degistirilmedigi goz
oniine alinarak, sadece kan testleri, WC ve BP 6l¢iimlerine dayanarak bu kriterlerin durumunu degistirdiler. Tablo 3,
V4'te katilimcilarin karsiladigi MS kriterlerinin dagilimini ve V4 ile VI arasindaki bu sayidaki farki gostermektedir.

Tablo 3. V4'te katilimcilarin karsiladigi MS kriterlerinin dagilimi ve V4 ile V1 arasindaki fark.

4. Ziyaret V4 ve V1 Arasindaki Fark
Kriter Sayis1 Fitosterol Plasebo _ . Kiriter Sayisi Fitosterol Plasebo y
(n=102)  (n=100) PDegeri (n=102)  (n=100)  Deger
0,n (%) 2 (1,96) 1(1) -3, (%) 3(2,94) 1(1)
1,n (%) 16 (15,69) 16(16) 2,1 (%) 24 (23,53) 19 (19)
2,n (%) 39 (38,24) 30 (30) 0563 -1, n (%) 45 (44,12) 40 (40) 0.648
3,n (%) 29 (28,43) 35 (35) ’ 0,n (%) 23 (22,55) 31 (31) '
4,1 (%) 9(8,82) 14 (14) 1,n (%) 6 (5,88) 8(8)
5,1 (%) 7 (6,86) 4(4) 2,1 (%) 1(0,98) 1(1)

Her bir MS kriterinin analizi géz 6niine alindiginda, fitosterol ve plasebo gruplari arasinda yiiksek veya 'anormal’
TG seviyelerine (>150 mg/dL) sahip katilimcilarin oran1 baglangigta benzerdi ve farkin %2,06'sina ulagiyordu (p-degeri
=0,7691); ancak bu oran V4'te 6nemli 6l¢iide farkliyd: ve gruplar arasindaki farkin %15,65'ine ulasiyordu (p-degeri =
0,023). Bu fark, PS grubunda yiiksek TG diizeylerine sahip katilimcilarin sayisinda azalma ve plasebo grubunda artisla
aciklanmigtir. Diger tiim kriterler i¢in, V4'te 'anormal' seviyelere sahip katilimcilarin orani gruplar arasinda istatistiksel
olarak farkli degildi (Sekil 3). Ayrintili bilgi i¢in Ek Materyallerdeki Tablo S2'ye bakiniz.
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Sekil 3. V4'te bel ¢evresi, trigliserid, yiiksek yogunluklu lipoprotein kolesterol (HDL-c), sistolik/diyastolik kan basinct ve aglik
glikemisi diizeyleri 'anormal' olan katilimcilarin dagilimi (%), grup bazinda, ns = anlamli degil; * istatistiksel olarak anlamli (p <
0,05).

Tablo 4, siirekli verileri dikkate alan her bir MS kriterini géstermektedir. 4. ziyaretinde, WC gruplar arasinda
onemli Ol¢iide farklilik gosterdi; fitosterol grubundaki katilimcilarin yarisi 94 cm'ye kadar, plasebo grubundaki
katilimcilarin yarisi ise 99 cm'ye kadar WC degerleri gosterdi (p = 0,0022). TG ve HDL-c'de diger kiigiik farkliliklar
gbzlemlenmistir, ancak bunlar istatistiksel olarak anlamli degildir.

Tablo 4. Ziyaret 4'te MS kriterleri (siirekli veriler) ve grup bazinda V4 ile VI arasindaki mutlak fark. Tiim veriler medyan ve 25-
75. yiizdelik dilimler olarak sunulmustur.

4. Ziyaret V4 ve V1 Arasindaki Fark
Fitosterol Plasebo _ . Fitosterol Plasebo oo
(n=102) (n = 100) p-Degeri  (n=102) (n = 100) p-Degeri
WC (cm)
Hepsi 94 (89-102) 99 (93-109.5) 0,0022 -4 (-7—1) 0 (-3-2.5) 0,0001
Erkek 99,5 (94.5-105) 103(94-109) 0,5732 -3 (-5-0) 0(—3—-3) 0,0875
Kadin 92 (86-99) 99 (93-110) 0,0007 -5 (-8—1) 0(-3-2) 0,0001
TG (mg/dL)
Hepsi 123 (87-175)  145(99.5-191.5)  0,1137 -16,5 (-57-15) 1,5 (-40-32) 0,0245
Erkek 150 (123-243.5) 188 (122-245) 0,4566 -21,5 (-87-3.5) -37 (-54-13) 0,9724
Kadin 112,5 (82-152) 1345 (86-168) 0,1176 -14 (-57-17) 3,5 (-32-32) 0,0074
HDL-c (mg/dL)
Hepsi 46 (40-55) 45 (39-53.5) 0,6839 1(-1-5) 1(-2-5) 0,6563
Erkek 39,5(35.5-46) 37,5 (31-45) 0,3721 0(3.5—2) 0(-3-2) 0,5037
Kadin 48 (42-58) 47 (41-55) 0,6071 2 (-1-6) 2 (-2-5) 0,8102
SBP (mm Hg)
Hepsi 119 (112-129) 119 (112.4-128) 0,9242 -2 (-12-5) -1 (-10.5-7.5) 0,2753
Erkek 125(118-131)  127,5(117-136) 0,6093 0 (-12.5-7) 2,5 (-9-8) 0,7095
Kadin 116,5 (112-126) 118 (108-126) 0,7735 2,5 (-12M) -1 (-11-7) 0,2939
Tablo 4. Devami
4. Ziyaret V4 ve V1 Arasindaki Fark
Fitosterol Plasebo Degeri itosterol Plasebo _Degeri
(n =102) (n = 100) p-Degerl = 102) (n = 100) p-Dege
DBF (mm Hg)
Hepsi 79,5 (73-87) 80 (72.5-86) 0,6820 -2,5(-9-3) -3 (3.5—10)
Erkek 85 (78.5-91) 84 (75-91) 0,6398 -2 (2.5—9) -5(-15-2)
Kadin 78(72-85) 79(70-85) 0,9480 -3 (-9-3) -2,5 (-10-5)
FG (mg/dL)
Hepsi 95(90-102) 92 (87-98) 0,1712 2 (-3-7) 1,5 (-3-6)

Erkek 96 (90-99.5) 94 (92-105) 07947 2 (-2-12) 35 (0-7)




Kadmn 94,5(86-103) 91,5 (85-97) 01179 1 (-4-6) 1(-3-6) 0,9480

WC: bel gevresi; TG: trigliserit; HDL-c: yiiksek yogunluklu lipoprotein kolesterol; SBP: sistolik kan basinci; DBF: diyastolik kan
basincy; FG: aglik glikemi.

Her bir parametre i¢in V4 ve V1 arasindaki fark agisindan, WC ve TG gruplar arasinda énemli 6lgiide farklilik
gostermistir. Fitosterol grubundaki katilimeilarin yarisi, plasebo grubundaki 0 cm'ye kiyasla WC'yi 4 cm'ye kadar
azalttl. Bu, fitosterol grubundaki katilimeilarin plasebo grubundan daha iyi performans gostererek WC'yi %5,05
oraninda azalttigi anlamina gelir. Benzer sekilde, fitosterol grubundaki katilimcilarin yarist TG diizeylerini 16,5
mg/dL'ye kadar diisiirdii. Bu bulgu, fitosterol grubunun plasebo grubuna goére daha iyi performans gosterdigini ve TG
diizeylerinde %15,17'lik bir azalma oldugunu gostermektedir.

Metabolik sendromun ciddiyeti, bel ¢evresi temel alinarak MetS-Z ile degerlendirildi. V1'de bu puan her iki grup
i¢in de benzerdi (p = 0,5947), ancak V4'te bu puan 0,199 azald1 (25. persentil: -0,559; 75. persentil: 0,106) fitosterol
grubunda ve 0,009 (25. persentil: -0,301; 75. persentil: 0,25) plasebo grubunda artmustir; bu fark istatistiksel olarak
anlamlidir (p = 0,0024).

V4'te ve genellestirilmis dogrusal modellere dayanarak, yas, cinsiyet ve WC baslangi¢ degerleri dikkate alinarak,
fitosterol grubundaki katilimcilarin plasebo grubundaki katilimeilara gére ortalama 3,76 cm daha az WC'ye sahip
oldugunu goézlemledik (p-degeri = 0,001 ve %95 giiven aralig1 -5,1 cm ile -2,4 cm arasinda). Benzer sekilde, yas,
cinsiyet ve TG baslangi¢ diizeyleri ayarlandiktan sonra, fitosterol grubundaki katilimcilar, plasebo grubuna gore
ortalama 27,49 mg/dL daha disiik TG diizeyleri sergilemistir (p-degeri = 0,004 ve %95 giiven aralig1 -46,26 mg/dL ile
-8,73 mg/dL arasinda).

3.3. Ikincil Cikti

Tkincil sonuglar arasinda VI, V2, V3 ve V4'te lipid profili (TChol, LDL-c, VLDL-c, HDL-c, TG), FG, FI, HOMA-
IR indeksi, agirlik, BMI, WC, SBP ve DPB analizleri yer aldi. Temel degerler Tablo 2'de gdsterilmistir ve her ziyaret
sirasinda her bir degisken i¢in ayrintili degerler Ek Materyallerdeki Tablo S3-S5'te gosterilmistir.

Fitosterol grubundaki katilimcilarin, plasebo grubuna gére TChol, VLDL-c, TG, HOMA-IR indeksi ve WC
acisindan tutarli olarak daha iyi sonuglar gosterdigini gézlemledik. Her ziyaret (V2, V3, V4) sirasinda TChol diizeyleri
ve HOMA-IR indeksinin baglangi¢ diizeylerine gore goreceli farki, fitosterol grubunda plasebo grubuna gore tutarli
bir sekilde daha diisiik olmakla birlikte, bu fark yalnizca V2 ve VI arasinda istatistiksel olarak anlamliyd: (sirastyla p
= 0,012 ve p = 0,0211) (Ek Materyallerdeki Tablo S5). Ortalama azalmayi analiz eden arastirmacilar, fitosterol alan
katilimcilarin TChol diizeylerinde %3,3 azalma oldugunu, plasebo grubundaki katilimeilarin ise miidahalenin ilk ay1
sonunda TChol diizeylerinde %1,9 artis oldugunu tespit etti (Sekil 4a).
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Sekil 4. (a) toplam kolesterol i¢in V2 ile V1, V3 ile V1 ve V4 ile VI arasindaki goreceli fark (%);

(b) ¢ok diisiik yogunluklu lipoprotein kolesterol (VLDL-c); (c) trigliseritler; (d) grup bazinda bel gevresi. * Istatistiksel olarak
anlamli (p < 0,05). Siyah ¢izgiler plasebo grubunu, kirmizi gizgiler ise fitosterol grubunu temsil etmektedir. Yatay cizgiler,
ceyrekler arasi araligi ve medyani temsil eder. Siyah noktalar () plasebo grubunun ortalamasini, kirmiz1 iggenler (a) ise fitosterol
grubunun ortalamasini temsil etmektedir.

Benzer sekilde, fitosterol grubu, her ziyaretinde, baslangi¢ degerine kiyasla plasebo grubuna gére VLDL-c'de
tutarl ve sistematik azalmalar gdstermistir. Fitosterol grubundaki katilimcilarin VLDL-c'sindeki ortalama goéreceli
azalma, V2, V3 ve V4'li baslangi¢ degerleriyle karsilastirildiginda sirasiyla %5,6, %7,7 ve %10,5 olarak 6l¢lilmiistiir.
Buna karsilik, plasebo grubu i¢in bu degerler her zaman %0'a yakind1 (Sekil 4b).

Ayni sekilde, TG diizeyleri de VLDL-c ile benzer bir egilim izlemistir. Fitosterol grubundaki katilimcilar,
plasebo grubuna kiyasla tiim zamanlarda TG'de onemli diisiisler gostermistir. Sekil 4c'de, fitosterol grubundaki
katilimcilarin yarisinin TG diizeylerinin V2 ile VI arasinda %7,9, V3 ile V1 arasinda %9,7, V4 ile V1 arasinda %12,6
azaldi8y, plasebo grubunda ise neredeyse %0'lik bir degisiklik oldugu gdzlemlenmistir. Bu fark, her zaman istatistiksel
olarak anlamliyd: (Ek Materyallerdeki Tablo S4).

Son olarak, bel ¢evresi, V3 ve V1 ile V4 ve V1 arasindaki goreceli farklar karsilastirildiginda istatistiksel olarak
anlamli sonuglar gosterdi (Sekil 4d). V3'te, PS grubundaki katilimeilarin yarist WC'sinde %2,09 azalma gosterirken,
plasebo grubunda bu azalma %0 idi (p-degeri = 0,0007). V4'te bu fark daha da biiyiiktii. Plazebo grubundaki
katilimcilarin yarisi1 baglangi¢ degerinden %0'lik bir degisiklik gosterirken, fitosterol grubundaki bu azalma %3,74'e
ulasti (p-degeri = 0,0001).

3.4. Giivenlik Ciktilar

Baslangigta ve V4'te gruplar arasinda D vitamini diizeyleri benzerdi. Baslangigtaki sonuclar i¢in bkz. Tablo 2.
V4'te D vitamini i¢in medyan deger fitosterol grubu icin 18,1 ng/mL (25. persentil: 14,1 ng/mL; 75. persentil: 23,8
ng/mL) ve plasebo grubu i¢in 17,6 ng/mL (25. persentil: 13,85 ng/mL; 75. persentil: 23,4 ng/mL) olup istatistiksel
olarak anlamli bir fark gostermemektedir (p-degeri = 0,5313).

Bagirsak aligkanliklar1 konusunda danigmanlik verilirken, bu ¢alisma sirasinda higbir katilimer ishal vakasi
bildirmedi. Ancak, fitosterol grubundaki katilimeilarin ¢ogu, V4'te bagirsak aliskanliklarinda bir iyilesme oldugu
bildirmiglerdir; bu durum, plasebo grubunda gézlemlenmemistir (Tablo 5). Katilimcilarin agiklamalarina gére,

plasebo veya fitosterol grubunda, cogu katilimer sert veya kuru digki nedeniyle daha dnce “kabizlik” yasadigi

bildirmistir; ancak, 4. ziyaretinde, fitosterol grubundaki katilimcilarin neredeyse %70'i bu durumun diizeldigigi
kabizligin azaldigini ancak ishalin gériilmedigini bildirmistir (p-degeri = 0,001).

Tablo 5. Gruplara gore katilimcilarin V4'teki bagirsak aligkanliklarina iliskin algilar

Fitosterol (n =

102) Plasebo (n = 100)
V1'e gore bagirsak aliskanligi diizeldi, n 69 (67,65) 4(4)
V1'e gore bagirsak aliskanligi degismedi, n 31 (30,39) 90 (90)
V1'e gore bagirsak aligkanhig: kotiilesti, 2 (1,96) 6(6)

3.5. Kesif Ciktilar:

Katilimeilarin rastgele segilen bir alt 6rnekleminde, her ziyaret sirasinda VLDL (VLDL-p), LDL (LDL-p) ve
HDL (HDL-p) partikiil sayis1 ve bunlarin farkli alt siniflar1 (kiigiik, orta ve biiyiik) {izerinde fitosterollerin etkilerini
arastirdik. Bu parametreler, fitosterol grubundan 59 katilimci ve plasebo grubundan 57 katilimci igin analiz edildi.
Sosyoekonomik, fizyolojik degiskenler ve partikiil sayisinin baglangi¢ degerleri her iki grupta da benzerdi; bu nedenle,
bunlarin kargilastirilabilir oldugu sonucuna vardik (Ek Materyallerdeki Tablo S6).

V4'te, fitosterol grubundaki katilimeilarin plasebo grubuna gore LDL-p ve VLDL-p diizeylerinin daha diisiik
olma egiliminde oldugunu gozlemledik (Sekil 5). Ayrintili degerler i¢in Ek Materyallerdeki Tablo S7'ye bakiniz.
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Sekil 5. Grupta V4'te alt siniflara gore (kiigiik, orta ve biiyiik) LDL-p (a) ve VLDL-p (b) sayisi. Siyah ¢izgiler plasebo
grubunu, kirmizi ¢izgiler ise fitosterol grubunu temsil etmektedir. Yatay ¢izgiler, ¢eyrekler arasi araligi ve medyant
temsil eder. Siyah noktalar (¢) plasebo grubunun ortalamasini, kirmizi tiggenler (a) ise fitosterol grubunun ortalamasini
temsil etmektedir. M ve L pargaciklart dogru y ekseni ile olgiiliir.

4. Tartisma

Bu ¢alismada, MS hastalarinda alt1 aylik bir miidahale siiresi boyunca 2 g f-PSnano igeren sulu dispersiyonun
giinliik takviyesinin terapotik etkisini plasebo ile kargilagtirarak degerlendirdik. Alti aylik miidahalenin ardindan,
fitosterol grubunda TG diizeylerinde ve WC'de 6nemli bir azalma gézlemledik. Bu sonuglar 6nemlidir ¢iinkii yiiksek
TG diizeyleri ve WC, kardiyovaskiiler hastaliklar [44-51] ve metabolik bozukluklar [52,53] i¢in kritik risk faktorleri
olarak yaygin bir sekilde bildirilmistir. Ek olarak, MetS-Z'ye gore, fitosterol grubu plasebo grubuna kiyasla metaboli

anlamina gelmektedir. Ancak, bu puan $ili niifusu i¢in standartlastirilmali ve gegerliligi dogrulanmalidir.

PS'nin hipotrigliseridemik etkileri 6nceki ¢aligmalarda tutarli olmamigtir. Naumann ve digerleri [54] ve De
ve digerleri [55] ve Rideout ve digerleri [56], TG diizeylerindeki azalmanin baslangigtaki TG diizeylerine biiyiik §
bagli oldugunu ve baslangigtaki TG diizeyleri yiiksek olan bireylerde azalmanin daha fazla oldugunu ortaya koymys
Ozellikle, V4'te gruplar arasinda TG diizeylerinde %15,17'lik bir fark gozlemledik, bu da Plat ve digerleri [
Sialvera ve digerleri [32] tarafindan MS'li bireylerde bildirilen sonuglarla tutarliydi.

PS'nin hipotrigliseridemik etkisi tam olarak anlasilmamis olsa da, bunu agiklamak i¢in bazi mekanizmalar
onerilmistir. [31,32,57]. Kesifsel analizlerimiz, f-PSnano tiiketen katilimcilarin plasebo grubuna kiyasla daha diisiik
VLDL-p degerlerine sahip olma egiliminde oldugunu gdstermistir. Bu bulgu, MS'li bireylerin PSn esterleri tiikettikten
sonra plasebo grubuna kiyasla biiyiik ve kiiglik VLDL-p degerlerinde dnemli bir azalma oldugunu bildiren Plat ve
digerlerinin bulgulari ile uyumludur [57]. TG'nin esas olarak VLDL-p tarafindan tagindig1 bilinmektedir, bu nedenle
TG diizeylerinin azalmasi, VLDL-p'nin karaciger sentezindeki azalma ile iliskili olabilir; ancak bu hipotezi dogrulamak
i¢in daha fazla lipoprotein sentezi ¢alismasi yapilmasi gerekmektedir.

Bilgimiz dahilinde, bu c¢alisma PS tiiketen katilimcilarda kabizhigin hafiflemesi ve bel gevresi g¢evresinin
azalmasimi gosteren ilk calismadir. Karisik miselden kolesteroliin yer degistirmesi nedeniyle bagirsak kolesterol
emiliminin azalmasi [58,59] bu sonuglar agiklayabilir. Bu baglamda, f-PSnano tiiketimi sonrasi hipotrigliseridemik
etkilerin, kabizligin giderilmesinin ve bel ¢evresinin azalmasinin, yag asidi emiliminin azalmastyla iligkili olabilecegi
hipotezini ortaya attik.

Yiksek yag asidi emilimi, viseral adipozite (VA) artisina bagli olarak WC'de artisa neden olabilir. Birkag
caligma, daha yiiksek WC'nin bireylerde daha yiiksek VA miktar ile pozitif korelasyon gosterdigini dne slirmiistiir
[60-62]. Daha yiiksek VA miktar1, bu dokunun lipolitik aktivitesini artirma egilimindedir [63]. VA dokusunda yiiksek
trigliserid doniistimii olusturur [64]. VA, lipit metabolizmasini gii¢lii bir sekilde etkilediginden [65-68], VA artislart,



daha yliksek TG doniisiimii nedeniyle portal ven yoluyla karacigere yag asitlerinin tasinmasini tesvik edebilir [69].
Sonug olarak, VA'nin artmasi, karacigere TG tasinmasinin ve konsantrasyonunun artmasina yol agarak VLDL-C
iretiminde bir artisa neden olabilir [65,70,71]. Bu nedenle, yag asidi emiliminin azalmasi, VA dokusunda bir azalmaya
ve VA'dan karacigere yag asitlerinin ¢ikisinda bir azalmaya yol agarak karaciger TG konsantrasyonunu diisiirebilir.
Daha sonra, karacigerde TG'min daha diisiik seviyelerde bulunmasi, VLDL-c iiretiminde ve vaskiiler sisteme
aktariminda azalmaya yol acarak serum TG seviyesini diigiirebilir. Buna ek olarak, bagirsaklarda yag asidi emiliminin
azalmasi, diski bilesimini degistirerek kabizlig1 iyilestirir.

PS tiiketiminin iyi bilinen kolesterol diisiiriicii etkileriyle ilgili olarak, fitosterol grubunda TChol diizeylerinin
daha diisiik olma egilimi gosterdigini ve gruplar arasinda yalnizca V1'de 6nemli degisiklikler gozlemledik. Bu bulgular
iic ana nedenden kaynaklaniyor olabilir. Ik olarak, bu ¢alismaya katilanlarm ¢ogu normokolesterolemik idi; bu
nedenle, TChol ve LDL-c'de sadece hafif degisiklikler beklenirdi [38,54]. Ikincisi, uzun siireli klinik ¢aligmalarda, PS
tiiketen normokolesterolemik ve hafif hiperkolesterolemik bireylerde, kisa siireli ¢alismalara kiyasla TChol'da kii¢iik
diisiisler bildirilmistir [72-74]. Bu gozlem, Plat ve ark. [31] ile Sialvera ve digerlerinin [32] 8 haftalik miidahale
sonrasinda TChol ve LDL-c'de 6nemli bir azalma bildirirken, Herndndez-Mijares ve digerlerinin 12 haftalik miidahale
sonrasinda bu parametreler iizerinde énemli bir etki bildirmediklerini agiklayabilir [33]. Son olarak, PS kolesterol
emilimini azaltarak TChol ve LDL~c'yi diisiiriir, ancak MS hastalarinda kolesterol emilimi diisiik ve endojen kolesterol
sentezi yliksektir [75]; bu nedenle, uzun siireli ¢caligmalarda PS'nin emilimi azaltici etkisi, MS hastalarinda endojen
kolesterol sentezi ile dengelenebilir. Nitekim, PS miidahalesi altinda hiperkolesterolemik bireylerde endojen kolesterol
sentezinde artig gozlemlenmistir [76,77].

Ilging bir sekilde, calisma boyunca her iki grupta da D vitamini diizeyleri azalmis ve V4'te gruplar arasinda
onemli bir fark goriilmemistir. Bu olay1 mevsimsellik etkisi olarak acikladik, ¢iinkii ise alimlara yaz aylarinda basladik
ve V3 ve V4 sonbahar-kis mevsimlerinde ger¢eklestirildi.

MS hastalari, saglikli bireylere kiyasla daha yiiksek VLDL-p ve LDL-p degerleri sergilerler [78]; bu nedenle, f-
PSnano tiiketiminin lipoprotein partikiil sayis1 iizerindeki etkilerini arastirdik. Sonuc¢larimiz, f-PSnano tiiketen
bireylerde VLDL-p ve LDL-p konsantrasyonlarinin plasebo grubuna kiyasla daha diisiik olma egiliminde oldugunu
gostermistir. Daha once de belirtildigi gibi, VLDL-p'nin azalmasi, yag asitlerinin emiliminin azalmasi nedeniyle TG
ve WC'nin azalmasiyla iliskili olabilir. Fitosterol grubunda plasebo grubuna kiyasla LDL-p diizeylerinin daha diisiik
olmasi, PS'nin hipokolesterolemik ve hipotrigliseridemik etkileriyle agiklanabilir olsa da ¢alisma boyunca her iki
grupta da LDL-p diizeylerinin neden arttigini agiklayamadik. Bunun, yil boyunca beslenme aligkanliklarinda veya
fiziksel aktivitede meydana gelen degisikliklerle iligkili olabilecegini varsaydik. V2'de fitosterol grubunda kiigiik LDL-
p'nin daha disiik oldugu ve bunun TCHol, VLDL-c ve TG diizeylerinde azalma ile ortiistiigii dikkat ¢ekicidir.

Bu ¢alismanin bir¢ok giiglii yani vardir. Bu, MS hastalarinda f-PSnano'yu degerlendiren ilk ¢aligmadir. Ayries

dikkate alindigindan, sonuglarin temsil giicli ve genellestirilebilirligi smirli olabilir. Ayrica, drneklem cogunluRds
kadinlardan olusuyordu, bu da cinsiyet temsilinde bir 6nyargi olusturabilir. Bu dezavantaj, regresyon analizleri
yapilarak giderilmistir. Son olarak, bu ¢aligma alt1 aylik bir miidahaleyi kapsamigtir ve f-PSnano tiikketiminin uzun
vadeli etkileri degerlendirilmemistir.

5. Sonuglar

Sonug olarak, bu caligma f-PSnano'nun sulu dispersiyonunun MS hastalarinda ilging bir yardimci tedavi
olabilecegini gostermistir. Ayrica, uzun vadeli etkiler ve fizyolojik ve metabolik degisiklikler iizerindeki diger
potansiyel etkilerin degerlendirilmesi i¢in daha fazla ¢alisma yapilmasi gerekmektedir.

Ek Materyaller: Asagidakiler gevrimici olarak mevcuttur: http://www.mdpi.coin/2072-6643/12/8/2392/sl, Table S1: Her ziyaret i¢in
prosediir ve degerlendirme programi; Tablo S2: Baglangigta ve 4. ziyaret sirasinda her MS kriteri i¢in 'anormal' seviyelere sahip
katilimcilarin dagilimi (%); Tablo S3: Grup bazinda 2., 3. ve 4. ziyaretlerde her bir ikincil sonug i¢in medyan ve 25-75. yiizdelik
dilimler; Tablo S4: Grup bazinda her bir ikincil ¢ikt1 igin V2 ile V1, V3 ile V1 ve V4 ile V1 arasindaki mutlak fark; Tablo S5: Grup
bazinda her bir ikincil sonug i¢in V2 ile VI, V3 ile V1 ve V4 ile VI arasindaki goreceli fark (%); Tablo S6: Grup bazinda
lipoproteinlerin partikiil sayisin1 degerlendirmek i¢in alt drneklemdeki katilimcilarin temel 6zellikleri; Tablo S7: Grup tarafindan
yapilan 2., 3. ve 4. ziyaretlerde her lipoprotein i¢in medyan ve 25-75. yiizdelik dilimler.
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Abstract: Metabolic syndrome (MS) affects up to 40% of the population and is associated with
heart failure, stroke and diabetes. Phytosterols (PS) could help to manage one or more MS criteria.
The purpose of this study was to evaluate the therapeutic effect of daily supplementation of an
aqueous dispersion of 2 g of free-phytosterols nanoparticles in individuals with MS over six months
of intervention, compared with placebo. This double-blind study included 202 participants with
MS randomly assigned into phytosterol (1 = 102) and placebo (1 = 100) groups. Participants were
assessed at baseline, 4, 12 and 24 weeks. General health questions, anthropometric measurements and
blood parameters were analysed. At week 24, the proportion of participants with high triglycerides
(2150 mg/dL) in the phytosterol group was 15.65% lower than in the placebo group (p-value = 0.023).
Similarly, half of the participants in the phytosterol group decreased their waist circumference up
to 4 cm compared with 0 cm in the placebo group (p-value = 0.0001). We reported no adverse
effects (diarrhoea or vitamin D reduction); nonetheless, almost 70% of participants in the phytosterol
group self-reported an improvement in bowel habits. Daily intake of free-PS nanoparticles improved
some MS criteria; therefore, it might be a promising adjuvant therapy for individuals with MS
(NCT02969720).

Keywords: phytosterols; ~ metabolic syndrome;  waist circumference;  triglycerides;
lipoprotein; constipation

1. Introduction

Metabolic syndrome (MS) is a cluster of interrelated physiologic and metabolic alterations that
reaches a prevalence between 5% and 40% worldwide [1-5]. Despite different clinical definitions of
MS, alterations in the lipidic profile, hyperglycaemia, obesity and high blood pressure are common
characteristics [6-12]. Overweight, obesity and insulin resistance have been associated with MS as the
main causes, which are strongly associated with diet and physical activity [13,14]. Complementary,
MS and its components might increase short and long-term cardiovascular risks [15,16], partly because
of cumulative macro- and microvascular changes as well as cellular dysfunction mediated by chemical
and hormonal alterations [16,17]. These pathophysiological impairments increase the risk of heart
failure, stroke and diabetes [18,19], representing a substantial burden of disease [20-22].

MS can be prevented or partially reversed by lifestyle changes and/or pharmacologic interventions
usually focused on each MS criterion. The latter situation frequently leads to polypharmacy [23] and
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multiple adverse drug events, resulting in negative health outcomes and medication non-adherence [24].
In this regard, nutraceuticals have been proposed as natural alternatives to overcome these drawbacks,
in which phytosterols (PS) or plant sterols are considered an adjuvant therapy for individuals with
physiologic and metabolic alterations [25,26].

PS and phytostanols (PSn) are cholesterol-like molecules naturally found in vegetables and fruits.
PS has been proposed to manage serum cholesterol since the 1950s when Pollak et al. reported that PS
intake could reduce dietary cholesterol resorption [27]. Ever since then, several studies have reported
that daily PS consumption may reduce serum levels of total cholesterol (TChol) and low-density
lipoprotein cholesterol (LDL-c) [28-30]. Additionally, PS/PSn intake could improve other physiological
and metabolic parameters. Plat et al. found that individuals who consumed two grams of PSn for
8-weeks reduced non-high-density lipoprotein cholesterol, TChol and triglycerides (TG) levels [31].
Sialvera et al. observed reductions in TChol, LDL-c, TG and small dense LDL amongst individuals with
MS who consumed four grams of PS after two months of the intervention [32]. Conversely, another
study demonstrated that intaking two grams of PS for three months did not improve the lipidic profile
in individuals with MS [33]. Other studies have stated that PS could improve fasting glucose [34] and
blood pressure [35].

Different factors could explain these diverse findings, for example, the food matrix in which PS/PSn
is delivered, the daily dose of PS/PSn, free or esterified form, and population characteristics [36-39].
Particularly, free-PS nanoparticles (<1 um) have shown hypotriglyceridaemic effects in comparison
to PS esters in hypercholesterolaemic individuals [40]. However, to the best of our knowledge, no
study has evaluated the effect of an aqueous dispersion of free-phytosterols nanoparticles (f-PSnano)
in individuals with MS.

The primary purpose of this study was to evaluate the therapeutic effect of daily supplementation
of an aqueous dispersion of 2 g of f-PSnano in individuals with MS over six months of intervention,
compared with placebo. Secondary and exploratory analyses were conducted to expand our knowledge
of the effects of PS consumption on other metabolic changes in individuals with MS.

2. Materials and Methods

2.1. Design

This study was a parallel, randomised, double-blind, placebo-controlled trial of f-PSnano in
individuals with MS. This trial was conducted in three sites, considered as primary care centres,
from January to November 2018, in Chile. Besides, this study adhered to the Declaration of Helsinki
and Good Clinical Practice guidelines, was approved by the East Metropolitan Health Service Ethics
Committee in Chile and registered at ClinicalTrials.gov (NCT02969720).

2.2. Participants

To be eligible, participants had to meet the following criteria: (i) age between 18 and 65 years;
(ii) availability to attend morning appointments; (iii) have been diagnosed with metabolic syndrome or
met diagnosis criteria at the beginning of the study. The individual is diagnosed with MS if she/he
meets, at least, three out of five of the MS criteria (Table 1) proposed by Alberti et al. [13]. On the
other hand, participants were not eligible if they: (i) had alcohol-related problems; (ii) had familial
sitosterolaemia or hypercholesterolaemia; (iii) were consuming phytosterols at the moment of this
study; (iv) were pregnant or breastfeeding; (v) had a medical history of myocardial infarction, stroke,
decompensated diabetes or hypertension; (vi) not able to make decisions for themselves; (vii) people
consuming weight management pills. During this study, there was no restriction on medication intake
or dietary patterns.
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Table 1. Metabolic syndrome (MS) criteria agreed in 2009.

Criterion Categorical Cut-Off Point
Waist circumference Depends on ethnic and country-specific definitions !
Triglycerides >150 mg/dL or specific treatment (fibrates or nicotinic acid)

<40 mg/dL in males; <50 mg/dL in females, or specific
treatment (fibrates or nicotinic acid)
Systolic BP > 130 or Diastolic BP > 85 mmHg, or treatment of
previously diagnosed hypertension
Fasting glycaemia >100 mg/dL, or previously diagnosed with type 2 diabetes

High-density lipoprotein cholesterol (HDL-c)

Blood pressure (BP)

1 South American population is considered for this study: >90 cm (males) and >80 cm (females). Source: [13].

The number of participants required was calculated considering two independent groups and
dichotomous endpoint of success/failure, where success was considered starting with an abnormal
criterion and finishing with a normal criterion (Table 1). Statistical parameters were a 1:1 enrolment
ratio, alpha of 5%, power of 90% and 10% of the difference between groups. This calculation resulted in
190 participants, but we considered 15% of dropouts; thus, the final sample size was 110 participants

per group.
2.3. Procedures and Assessments

This study included a screening period, one baseline visit (V1) and 24-weeks of the intervention
phase, which included three visits (Figure 1).

Screening period
based on Visit 2 Visit 3 Visit 4

medical records ' ’
Placebo group - -
Eligible Phone Visit 1 :
participants contact (Baseline) ' !

- Interview
-Eniciment Intervention group t .
i i i

Week 4 Week 12 Week 24
Randomised (End of study)
allocation

Figure 1. General diagram of the study.

Participants were screened from medical health records at the primary centres and selected if they
fulfilled eligibility criteria for this study. If yes, they were contacted by the principal investigator (PI)
and invited to the first meeting. If participants accepted, V1 was arranged and consisted of two phases.
First, the PI explained the study in-depth and answered all participants” questions. Once participants
agreed to participate and provided written informed consent, they were randomly allocated to the
intervention or placebo group. During the second part of V1, a nurse assessed participants according
to the protocol and delivered one white box along with general instructions on how to consume the
supplement at lunch (directly or diluted in a glass of water). Besides, a daily notebook was provided,
in which participants could note any “extra” or “strange” symptom, missed doses or changes in diet or
regular medication.

Assessments for all visits included: questions related to general health status; product tolerance;
vital signs; anthropometric measures; blood tests; the analysis of participant’s notebook. In particular,
vital signs included blood pressure (BP) and heart rate (HR), which were obtained using Omron
7120 monitors. Anthropometric measurements included height, weight and waist circumference
(WQ). Blood analysis included lipidic profile (TChol, LDL-c, very low-density lipoprotein cholesterol
(VLDL-c), HDL-c, TG and lipid particles), biochemical profile (glycated haemoglobin (HbAlc), insulin,
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fasting glycaemia and homeostatic model assessment of insulin resistance (HOMA-IR) index) and
vitamin D. Blood samples were collected after 12-h of fasting, in tubes containing clot activator
and gel serum separator, sodium fluoride/potassium oxalate and ethylenediaminetetraacetic acid
(EDTA), using a Vacutainer system® or syringe when necessary. After collection, samples were placed
in a blood sample container and taken to the ‘Instituto Radiologico Providencia” in Chile.Fasting
glycaemia and insulin were analysed using the glucose hexokinase (Glu-HK) and chemiluminescence
methods, respectively; glycated haemoglobin was obtained through capillary electrophoresis method;
lipid profile was obtained based on the cholesterol oxidase phenol 4-aminoantipyrine peroxidase
(CHOD-PAP) method, and vitamin D was obtained using chemiluminescence method.

Bowel habit was evaluated based on self-perception and participant reports. Phone contact was
maintained throughout the entire study according to the needs of participants or the research team.

At visit 2 (V2-week 4), visit 3 (V3-week 12) and visit 4 (V4-week 24), participants were assessed
according to the protocol, and at V4 treatment, the allocation was revealed to each participant. Table S1
in Supplementary Materials shows which assessment was performed at each visit.

2.4. Randomisation and Masking

Once enrolled, participants were allocated to the intervention group (phytosterol group) or placebo
group in a 1:1 ratio according to a simple random sequence generated by STATA 13.0 software. The
PI delivered coded white plain boxes containing placebo or f-PSnano sachets to the clinical research
nurses. Participants and nurses were blinded.

2.5. Intervention

Participants allocated in the intervention group consumed an aqueous dispersion of 2 g of
f-PSnano per day over six months period. Each sachet of dispersion (8 mL) contained f-PSnano from
pine, surfactants (<0.5%) and water. Participants in the control group received an aqueous dispersion
(10 mL) that consisted of titanium dioxide, xanthan gum, carrageenan, surfactants (<0.5%), potassium
sorbate, citric acid and water. The difference of 2 mL between the product and placebo did not change
the size of each sachet and was done to achieve the same white colour when phytosterols/placebo were
consumed directly or diluted in a glass of water.

The aqueous dispersion of f-PSnano and placebo were manufactured and provided by Nutrartis
S.A. Both were delivered in identical coded white plain cube boxes with 35 plain sachets, each one to
ensure double-masking throughout the study.

2.6. Outcomes

The primary outcome was the proportion of participants classified with ‘abnormal’/'normal” MS
criteria at V4 between phytosterol and placebo groups. As individuals were not asked to suspend
medication, including for MS, the proportion of participants ‘free’ of MS at the end of the study was
not possible to evaluate. However, we considered the proportion of MS parameters that improved at
V4 for both groups, which means going from ‘abnormal’ to ‘normal’. “Abnormal” was understood
as waist circumference >90 cm (men) or >80 cm (women); triglycerides >150 mg/dL; high-density
lipoprotein cholesterol <40 mg/dL (men) or <50 mg/dL (women); systolic blood pressure >130 mmHg
or diastolic blood pressure >85 mmHg; fasting glycaemia >100 mg/dL. Nonetheless, this binary
classification could mask important differences in metabolic risk between individuals; therefore, we
evaluated the metabolic syndrome severity Z score (MetS-Z), based on waist circumference, proposed
by Gurka et al. [41,42], in order to obtain a clearer degree of the overall metabolic syndrome severity.
It is worth noting that this score was created based on the USA population and needs to be validated
to the Chilean population.

Major secondary outcomes were values of total cholesterol (TChol), LDL-c, very-low-density
lipoproteins (VLDL-c), high-density lipoproteins (HDL-c), triglycerides (TG), fasting glycaemia (FG),
glycated haemoglobin (HbA1lc), fasting insulin (FI), HOMA-IR index, weight, body mass index (BMI),
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waist circumference (WC), systolic and diastolic blood pressure (SBP and DBP, respectively) at V2,
V3 and V4, as well as the difference between each visit and baseline, between groups. Exploratory
outcomes included the particle number of lipoproteins for a subgroup of participants at each visit.
Safety outcomes included adverse and serious events. Before starting the study, diarrhoea was
considered as a potential adverse effect because PS consumption could modify bowel habits due to
changes in cholesterol absorption. Besides, Vitamin D was measured because of a possible alteration
in lipophilic vitamin absorption [43]; therefore, they were included as routine assessments. Any
event that required medical or surgical intervention due to the intervention was considered a serious
adverse event.

2.7. Statistical Analyses

Each MS criterion was considered as a categorical variable (‘normal’/’abnormal’) according to
cut-off points presented in Table 1, and the metabolic syndrome severity score was calculated according
to Gurka et al. [41,42]. Complementary, MS criteria and secondary outcomes were analysed as
continuous variables in order to observe more precise changes and the magnitude of change from the
baseline because some participants were taking medications, a situation that could not be reversed; thus,
baseline values matter. Subgroups analyses were conducted to explore sex differences (women/men).
Exploratory outcomes were analysed descriptively.

Data normality was assessed using summary measures, histograms and the Shapiro-Wilk test. For
normally distributed data, mean and standard deviation (SD) are presented, and parametric tests were
used (Student’s T-test); otherwise, median and 25th and 75th percentiles (p25-p75) were considered,
and non-parametric tests were applied (Mann-Whitney U test). When comparing categorical data,
Chi-square test or exact Fisher’s test were used, and the test of proportions was applied accordingly.

In the case of non-heterogeneous groups, we adjusted effects for sex, age and basal conditions
using generalised linear regression models.

For all tests, the level of significance was set at less than 5%, and all statistical analyses were
performed using STATA 13.0.

3. Results

3.1. Sample Characteristics

From medical records, we screened 850 individuals, of whom 546 were not eligible for not fulfilling
MS criteria. A total of 219 participants were enrolled and randomly assigned to either phytosterol
(n =109) or placebo (1 = 110) arm. Throughout the study, 17 participants dropped out mostly because
they did not have enough time to attend morning assessments. The cumulative frequency of dropout
was the following: 12 participants dropped out at V2 (six from placebo and six from phytosterol),
14 participants at V3 (seven from placebo and seven from phytosterol) and 17 participants at V4 (ten
from placebo and seven from phytosterol). Despite these dropouts, 202 participants completed this
study with 100% of data. Figure 2 shows the flow chart of the study.

Baseline participants” characteristics were well balanced between groups, not having significant
differences regarding sociodemographic, health-related and physiologic variables at baseline (Table 2).
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Participants

assessed for eligibility (n=850)

Participants who did not meet
eligibility criteria (n=546)

Participants who did not want to
participate in the study (n=85)

‘ Participants randomised (n=219)

[

|

Allocated to phytosterol arm (n=109) |

Lost to follow-up (n=7)

+ 5 not able to attend morning appointments
+ 1 changed place of residence

+ 1 quit without reason

Participants who completed the study
and were analysed (n=102)

Allocated to placebo arm (n=110)

Lost to follow-up (n=10)

+ 6 not able to attend morning appointments
+ 2 felt no changes or benefits from the study

+ 2 quit without reason

Participants who completed the study
and were analysed (n=100)

Figure 2. Flow chart of the study.

Table 2. Baseline participants’ characteristics by the group.

Phytosterol Placebo
KERRYPNX (ny= e i 100) p-Value
Sociodemographic variables
Age in months, median (p25-p75) 520 (407-636) 527.5 (414-632.5) 0.9568
Sex
Men, n (%) 28 26
Women, 11 (%) 74 74 0.816
Socioeconomic status (self-reported)
High, 1 (%) 3(2.94) 2(2)
Middle, n (%) 93 (91.18) 90 (90)
Low, 1 (%) 6 (5.88) 8(8) 0.733
General health-related information
Underlying health condition
Yes, n (%) 86 (84.31) 79 (79)
No, 1 (%) 16 (15.69) 21 (21) 0.329
Concomitant medication
Yes, 1 (%) 63 (61.76) 57 (57)
No, 11 (%) 39 (38.24) 43 (43) 0.491
Smoking
Yes, 1 (%) 55 (53.92) 44 (44)
No, 1 (%) 47 (46.08) 56 (56) 0.158
Alcohol consumption
Yes, 11 (%) 67 (65.69) 72 (72)
No, 1 (%) 35 (34.31) 28 (28) 0.333
Number of meals per day, median (p25-p75) 3(3-3) 3(3-3) 0.1777
Physical activity
Yes, 11 (%) 44 (43.14) 46 (46)
No, 1 (%) 58 (56.86) 54 (54) 0.682
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Table 2. Cont.

Phytosterol Placebo
KERRYPNX (ny; e P p-Value
Blood test parameters, median (p25-p75)
Total cholesterol (mg/dL) 196 (169-224) 196 (168.5-225) 0.9789
LDL-c (mg/dL) 118.5 (99-144) 118.5 (100.5-147.5) 0.8069
VLDL-c (mg/dL) 26.5 (2042) 28.5 (20-40.5) 0.9625
Insulin (uUl/mL) 15.6 (10.38-23.7) 13.36 (9.07-18.48) 0.1065
HOMA-IR index 3.02 (1.94-4.26) 3.62 (2.28-5.52) 0.0684
Glycated haemoglobin - HbAlc (%) 5.215 (4.98-5.77) 5.305 (4.96-5.69) 0.7361
Vitamin D (ng/mL) 24.6 (19.9-29) 24.25 (19.7-29.55) 0.9109
Anthropometric measurements and vital signs, median (p25-p75)
Weight (kg) 78.95 (71.2-90.1) 80.6 (70.5-89.75) 0.8985
Height (m) 1.585 (1.55-1.67) 1.59 (1.545-1.675) 0.7413
Body mass index (kg/m?) 30.63 (27.46-34.4) 30.55 (28-34.46) 0.5298
Heart rate (beats per minute) 72 (67-80) 71 (65-76.5) 0.0455
Metabolic syndrome variables, median (p25-p75)
Waist circumference (cm) 99.5 (93-105) 100.5 (92-108.5) 0.4795
Triglycerides (mg/dL) 138 (105-221) 143.5 (100.5-202.5) 0.8303
HDL-c (mg/dL) 43.5 (37-52) 43 (37.5-51) 0.9875
Systolic blood pressure (mm Hg) 122 (113-133) 119.5 (110.5-132) 0.2176
Diastolic blood pressure (mm Hg) 83 (78-90) 82 (76-89) 0.6188
Fasting glycaemia (mg/dL) 93.5 (88-99) 91 (85.5-98) 0.0910
Metabolic syndrome criteria, 1 (%)
3 71 (69.61) 76 (76)
4 22 (21.57) 20 (20) 0.379
5 9(8.82) 4(4)
MetS-Z, median (p25-p75) 0.463 (0.06-0.99) 0.489 (—0.02-0.93) 0.5947

(p25-p75): 25th percentile and 75th percentile; LDL-c: low-density lipoprotein cholesterol; VLDL-c: very-low-density
lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; MetS-Z: metabolic syndrome severity Z score.

3.2. Primary Outcome

At the beginning of this study, participants met between three and five MS criteria (Table 2),
and the distribution was similar between groups (table p = 0.379). At V4, some participants changed
the status of these criteria just based on blood tests, WC and BP measurements, considering that no
regular medication was suspended or changed. Table 3 shows the distribution of MS criteria met by
participants at V4 and the difference in this number between V4 and V1.

Table 3. Distribution of MS criteria met by participants at V4 and the difference between V4 and V1.

Visit 4 Difference Between V4 and V1
N° of Criteria  phytosterol ~ Placebo Value N° of Criteria  phytosterol ~ Placebo Value
=102 (=100 PV n=102 (=100 P
0, 11 (%) 2 (1.96) 1(1) -3, 1 (%) 3 (2.94) 1(1)
1,1 (%) 16 (15.69) 16 (16) —2,1 (%) 24 (23.53) 19 (19)
2,1 (%) 39 (38.24) 30 (30) 0563 =1, n (%) 45 (44.12) 40 (40) 0.648
3,1 (%) 29 (28.43) 35 (35) : 0, n (%) 23 (22.55) 31 (31) i
4,1 (%) 9 (8.82) 14 (14) 1, 1 (%) 6 (5.88) 8 (8)
5,1 (%) 7 (6.86) 4(4) 2,1 (%) 1(0.98) 1(1)

Considering the analysis of each MS criterion, the proportion of participants with high or “abnormal’
TG levels (>150 mg/dL) between phytosterol and placebo groups were similar at baseline, reaching
2.06% of the difference (p-value = 0.7691); however, this proportion was significantly different at V4,
reaching 15.65% of the difference between groups (p-value = 0.023). This difference was explained by a
decrease in participants with high TG levels in the PS group and an increase in the placebo group. For all
other criteria, the proportion of participants with ‘abnormal’ levels at V4 was not statistically different
between groups (Figure 3). For detailed information, see Table S2 in the Supplementary Materials.
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Figure 3. Distribution of participants (%) with ‘abnormal” levels of waist circumference, triglycerides,
high-density lipoprotein cholesterol (HDL-c), systolic/diastolic blood pressure and fasting glycaemia at
V4 by the group. ns = non-significant; * statistically significant (p < 0.05).

Table 4 presents each MS criterion considering continuous data. At visit 4, WC was significantly
different between groups, where half of the participants in the phytosterol versus placebo group
presented WC up to 94 and 99 cm, respectively (p = 0.0022). Other small differences were observed in
TG and HDL-c, but they were not statistically significant.

Table 4. MS criteria (continuous data) at visit 4 and the absolute difference between V4 and V1 by the

group. All data are presented as median and 25th—75th percentiles.

Visit 4 Difference Between V4-V1

Phytosterol Placebo Phytosterol Placebo

(1 =102) (1 = 100) pNalae: o =g (n = 100) pevalug
WC (cm)
All 94 (89-102) 99 (93-109.5) 0.0022 -4 (-7--1) 0 (-3-2.5) 0.0001
Men 99.5 (94.5-105) 103 (94-109) 0.5732 -3 (-5-0) 0(-3-3) 0.0875
Women 92 (86-99) 99 (93-110) 0.0007  -5(-8--1) 0(-3-2) 0.0001
TG (mg/dL)
All 123 (87-175) 145 (99.5-191.5)  0.1137  -16.5 (-57-15) 1.5 (—40-32) 0.0245
Men 150 (123-243.5) 188 (122-245) 0.4566 -21.5 (-87-3.5) —-37 (-54-13) 0.9724
Women 112.5(82-152)  134.5 (86-168) 0.1176 -14 (-57-17) 3.5(-32-32) 0.0074
HDL-c (mg/dL)
All 46 (40-55) 45 (39-53.5) 0.6839 1(-1-5) 1(-2-5) 0.6563
Men 39.5 (35.5-46) 37.5 (31-45) 0.3721 0(3.5--2) 0(-3-2) 0.5037
Women 48 (42-58) 47 (41-55) 0.6071 2 (-1-6) 2 (-2-5) 0.8102
SBP (mm Hg)
All 119 (112-129) 119 (112.4-128) 0.9242 -2 (-12-5) -1(-105-75) 0.2753
Men 125 (118-131) 127.5 (117-136) 0.6093  0(-12.5-7) 2.5 (-9-8) 0.7095
Women 116.5 (112-126) 118 (108-126) 0.7735 -2.5(-12-4) -1 (-11-7) 0.2939
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Table 4. Cont.

Visit 4 Difference Between V4-V1

Phytosterol Placebo 5 Phytosterol Placebo 3

(n=102) (n=100) pValue - 102) (n=100) fevale
DBP (mm Hg)
All 79.5 (73-87) 80 (72.5-86) 0.6820 -2.5(-9-3) -3 (3.5--10) 0.9099
Men 85 (78.5-91) 84 (75-91) 06398  —2(25--9) -5 (~15-2) 0.3630
Women 78 (72-85) 79 (70-85) 0.9480 -3(-9-3) -2.5(-10-5) 0.4508
FG (mg/dL)
All 95 (90-102) 92 (87-98) 01712  2(-3-7) 1.5 (-3-6) 0.9769
Men 96 (90-99.5) 94 (92-105) 07947  2(-2-12) 3.5(0-7) 0.9378
Women 945 (86-103)  91.5 (85-97) 01179  1(-4-6) 1(-3-6) 0.9480

WC: waist circumference; TG: triglycerides; HDL-c: high-density lipoprotein cholesterol; SBP: systolic blood
pressure; DBP: diastolic blood pressure; FG: fasting glycaemia.

In terms of the difference between V4 and V1 for each parameter, WC and TG were significantly
different between groups. Half of the participants in the phytosterol group decreased WC up to 4 cm
in comparison with 0 cm in the placebo group, which means that participants in the phytosterol
group outperformed placebo, decreasing WC by 5.05%. Similarly, half of the participants in the
phytosterol group decreased TG levels up to 16.5 mg/dL. This finding means that the phytosterol group
outperformed placebo group, showing a 15.17% reduction in TG levels.

The metabolic syndrome severity was evaluated through the MetS-Z based on waist circumference.
At V1, this score was similar for both groups (p = 0.5947), but at V4, this score decreased by 0.199 (25th
percentile: —0.559; 75th percentile: 0.106) for the phytosterol group and increased by 0.009 (25th
percentile: —0.301; 75th percentile: 0.25) for the placebo group, this difference being statistically
significant (p = 0.0024).

At V4 and based on generalised linear models, we observed that participants in the phytosterol
group had, on average, 3.76 cm less WC than participants in the placebo group, adjusting for age,
sex and WC baseline values (p-value = 0.001 and 95% confidence interval from —5.1 cm to —2.4 cm).
Similarly, participants in the phytosterol group presented, on average, 27.49 mg/dL less of TG levels
than the placebo group, after adjusting for age, sex and TG baseline levels (p-value = 0.004 and 95%
confidence interval from —46.26 mg/dL to —8.73 mg/dL).

3.3. Secondary Outcomes

Secondary outcomes included analysis of lipidic profile (TChol, LDL-c, VLDL-c, HDL-c, TG),
FG, FI, HOMA-IR index, weight, BMI, WC, SBP and DPB at V1, V2, V3 and V4. Baseline values are
shown in Table 2, and detailed values for each variable at each visit are shown in Tables S3-55 in the
Supplementary Materials.

We observed that participants in the phytosterol group showed consistently better results for
TChol, VLDL-c, TG, HOMA-IR index and WC than the placebo group. The relative difference of TChol
levels and HOMA-IR index at each visit (V2, V3, V4) in comparison with baseline levels was consistently
lower for the phytosterol group than the placebo group, but this difference was only statistically
significant between V2 and V1 (p = 0.012 and p = 0.0211, respectively) (Table S5 in Supplementary
Materials). Analysing the average reduction, participants taking phytosterols reduced TChol levels by
3.3%, while participants in the placebo group increased TChol levels by 1.9% at the end of the first
month of intervention (Figure 4a).
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Figure 4. Relative difference (%) between V2 and V1, V3 and V1 and V4 and V1 for (a) total cholesterol;
(b) very-low-density lipoprotein cholesterol (VLDL-c); (c) triglycerides; (d) waist circumference by the
group. * Statistically significant (p < 0.05). Black lines represent the placebo group, and red lines the
phytosterol group. Horizontal lines represent the interquartile range and the median. Black points (e)
represent the mean for the placebo group, and red triangles (A) represent the mean for the phytosterol group.

Similarly, the phytosterol group presented consistent and systematic reductions of VLDL-c than
the placebo group at each visit compared with baseline. The median relative reduction in VLDL-c
amongst participants in the phytosterol group was 5.6%, 7.7% and 10.5% when comparing V2, V3 and
V4 with baseline values, respectively. In contrast, these values for the placebo group were close to 0%
at all times (Figure 4b).

In the same way, TG levels followed a similar trend to that of VLDL-c. Participants in the
phytosterol group had significant reductions in TG compared with the placebo group at all times. In
Figure 4c, we observe that half of the participants in the phytosterol group reduced TG levels by 7.9%
between V2 and V1; 9.7% between V3 and V1; 12.6% between V4 and V1, while the placebo group
showed a change of almost 0%. This difference was statistically significant at all times (Table 54 in
Supplementary Materials).

Finally, waist circumference showed statistically significant results when comparing relative
differences between V3 and V1 and V4 and V1 (Figure 4d). At V3, half of the participants in the PS
group had reduced WC by 2.09%, while this reduction was 0% in the placebo group (p-value = 0.0007).
At V4, this difference was even larger. Half of the participants in the placebo group presented a change
of 0% from the baseline, while this reduction in the phytosterol group reached 3.74% (p-value = 0.0001).

3.4. Safety Outcomes

Vitamin D levels were similar between groups atbaseline and V4. For results at baseline, see Table 2.
The median for vitamin D at V4 was 18.1 ng/mL for the phytosterol group (25th percentile: 14.1 ng/mL;
75th percentile: 23.8 ng/mL) and 17.6 ng/mL for the placebo group (25th percentile: 13.85 ng/mL; 75th
percentile: 23.4 ng/mL), showing a not statistically significant difference (p-value = 0.5313).
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When consulting for bowel habits, no participant reported diarrhoea episodes during this study.
However, most of the participants in the phytosterol group self-reported an improvement in their
bowel habits at V4, a situation that was not observed in the placebo group (Table 5). According to
participants” description, either in the placebo or phytosterol group, most of them self-reported a
previous state of “constipation” due to hard or dry stools; however, at visit 4, almost 70% of participants
in the phytosterol group described an improvement in this condition, relieving constipation but not
presenting diarrhoea (p-value = 0.001).

Table 5. Participants’ perception regarding bowel habits at V4 by the group.

Phytosterol Placebo
(1 =102) (1 =100)
Bowel habit improved from V1, n (%) 69 (67.65) 4(4)
Bowel habit did not change from V1, 1 (%) 31 (30.39) 90 (90)
Bowel habit worsened from V1, n (%) 2(1.96) 6(6)

3.5. Exploratory Outcomes

In a random subsample of participants, we explored the effects of phytosterols on the particle
number for VLDL (VLDL-p), LDL (LDL-p) and HDL (HDL-p) and their different subclasses (small,
medium and large) at each visit. These parameters were analysed for 59 participants from the
phytosterol group and 57 participants from the placebo group. Socioeconomic, physiological variables
and baseline values of the particle number were similar in both groups; therefore, we concluded that
they were comparable (Table S6 in the Supplementary Materials).

We observed that at V4, participants in the phytosterol group tended to have lower LDL-p and VLDL-p
than the placebo group (Figure 5). For detailed values, see Table S7 in the Supplementary Materials.
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Figure 5. Number of LDL-p (a) and VLDL-p (b) by subclass (small, medium and large) at V4 by the group.
Black lines represent the placebo group, and red lines the phytosterol group. Horizontal lines represent
the interquartile range and the median. Black points (e) represent the mean for the placebo group, and
red triangles () represent the mean for the phytosterol group. M and L particles are measured with the
right y-axis.
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4. Discussion

In this study, we evaluated the therapeutic effect of daily supplementation of an aqueous dispersion
of 2 g of f-PSnano in individuals with MS over six months of intervention, compared with placebo.
We observed that the phytosterol group reduced significantly TG levels and WC after six months
of intervention. These results are of importance because high TG levels and WC have been widely
reported as critical risk factors for cardiovascular diseases [44-51] and metabolic disorders [52,53].
Additionally, based on the MetS-Z, the phytosterol group decreased its metabolic syndrome severity
in comparison with the placebo group, which means that individuals who consume phytosterols
could decrease their metabolic syndrome severity. However, this score needs to be standardized and
validated to the Chilean population.

Hypotriglyceridaemic effects of PS have not been consistent in previous studies. Naumann et al. [54],
Demonty et al. [55] and Rideout et al. [56] established that TG levels reduction was highly dependent
on TG levels at baseline, being the reduction greater in individuals with higher TG baseline levels. In
particular, we observed a difference of 15.17% in TG levels between groups at V4, which was consistent
with the results reported by Plat et al. [31] and Sialvera et al. [32] in individuals with MS.

Although the hypotriglyceridaemic effect of PS is not well understood, some mechanisms have
been proposed to explain it [31,32,57]. Our exploratory analyses showed that participants who
consumed f-PSnano tended to have lower VLDL-p compared with the placebo group, which agreed
with Plat et al., who reported that individuals with MS presented a significant reduction in large
and small VLDL-p after PSn esters consumption compared with placebo [57]. It is well-known that
TG is mainly carried by VLDL-p, whereby TG levels reduction could be mediated by a reduction in
the hepatic synthesis of VLDL-p; however, more lipoprotein synthesis studies are needed to confirm
this hypothesis.

To the best of our knowledge, this is the first study that showed constipation relief and reduction
of WC amongst participants who consume PS. A decrease in intestinal cholesterol absorption due to
cholesterol displacement from the mixed micelle [58,59] could explain these results. In this regard, we
hypothesised that hypotriglyceridaemic effects, constipation relief and WC reduction after consumption
of f-PSnano could be driven by a reduction in fatty acid absorption.

High fatty acid absorption could lead to an increment in WC by an increment in visceral adiposity
(VA). Several studies have proposed that higher WC is positively correlated with a higher amount
of VA in individuals [60-62]. A higher amount of VA tends to increase the lipolytic activity of this
tissue [63], producing a high triglyceride turnover in VA tissue [64]. As VA strongly influences lipid
metabolism [65-68], VA increments could promote fatty acids delivery to the liver through the portal
vein [69] because of a higher TG turnover. Consequently, an increment of VA could lead to a higher TG
transportation to and concentration in the liver, triggering an increase in VLDL-c production [65,70,71].
Therefore, a reduction in fatty acid absorption could lead to a reduction in the VA tissue and a reduction
in the efflux of fatty acids from the VA to the liver, decreasing liver TG concentration. Then, the lower
availability of TG in the liver could lead to a reduction in VLDL-c production and exportation to the
vascular system, reducing the serum TG level. Complementary, the reduction of intestinal fatty acid
absorption would improve constipation by changing the faeces composition.

Regarding the well-known hypocholesterolaemic effects of PS consumption, we observed that
TChol levels tended to be lower in the phytosterol group, observing significant changes between
groups only at V1. These findings could be explained by three main reasons. First, most of the
participants in this study were normo-cholesterolaemic; thus, only slight changes in TChol and
LDL-c would be expected [38,54]. Second, long-term clinical trials have reported minor TChol
reductions in normo-cholesterolaemic and mild-hypercholesterolaemic individuals who consumed PS
in comparison with short-term trials [72-74]. This observation could explain why Plat et al. [31] and
Sialvera et al. [32] reported a significant reduction in TChol and LDL-c after 8-weeks of intervention,
while Hernandez-Mijares et al. reported non-significant effects over these parameters after 12-weeks of
the intervention [33]. Finally, PS reduces TChol and LDL-c by decreasing cholesterol absorption, but
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individuals with MS present low cholesterol absorption and high endogenous cholesterol synthesis [75];
therefore, the PS lowering absorption effect could be compensated with the endogenous synthesis of
cholesterol in individuals with MS in long-term studies. Indeed, increased endogenous cholesterol
synthesis has been observed in hypercholesterolaemic individuals under PS intervention [76,77].

Interestingly, vitamin D levels decreased in both groups throughout the study, showing no
significant difference between groups at V4. We explained this phenomenon as a seasonality effect
because we started recruiting in summer, and V3 and V4 were performed during fall-winter seasons.

Individuals with MS exhibit higher VLDL-p and LDL-p in comparison with healthy individuals [78];
therefore, we explored the effects of f-PSnano consumption on lipoprotein particle number. Our results
showed that VLDL-p and LDL-p concentration tended to be lower in individuals who consumed
f-PSnano compared with the placebo group. As it was mentioned before, reduction in VLDL-p
could be related to reductions in TG and WC because of reduced fatty acids absorption. Although
lower LDL-p in the phytosterol group in comparison with placebo group could be explained by the
hypocholesterolaemic and hypotriglyceridaemic effects of PS, we were not able to explain why LDL-p
increased in both groups along the study. We hypothesised that it could be related to changes in dietary
habits or physical activity throughout the year. It is worth noting that small LDL-p was lower in the
phytosterol group at V2, which coincided with a reduction of TCHol, VLDL-c and TG levels.

This study has several strengths. It is the first study that evaluated f-PSnano in participants with
MS. It also included a larger sample size compared to previous studies and was done according to a real
routine clinical practice. To the best of our knowledge, this is the first study that reported a reduction
in WC due to f-PSnano consumption, an anthropometric parameter that is highly associated with
cardiovascular risk. Finally, this study showed an improvement in bowel habit; therefore, f-PSnano
could be an interesting solution for many individuals who have physiologic and metabolic alterations,
as well as constipation, without adverse effects on fat-soluble vitamins. Nonetheless, this study has
potential limitations. It considered only three primary centres, so, representativeness and generalisation
of results could be limited. Besides, the sample was mainly integrated by women, which could be a
bias in terms of sex representation. This drawback was addressed performing regression analyses.
Finally, this study covered six months of intervention, and long-term effects of f-PSnano consumption
were not evaluated.

5. Conclusions

In conclusion, this study showed that an aqueous dispersion of f-PSnano could be an interesting
adjuvant therapy in individuals with MS. Besides, more studies are needed to evaluate long-term
effects and other potential effects on physiologic and metabolic alterations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/8/2392/s1,
Table S1: Schedule of procedures and assessments at each visit; Table S2: Distribution of participants (%) with
‘abnormal’ levels for each MS criterion at baseline and visit 4 by the group; Table S3: Median and 25th-75th
percentiles for each secondary outcome at visits 2, 3 and 4 by the group; Table S4: Absolute difference between
V2 and V1, V3 and V1 and V4 and V1 for each secondary outcome by the group; Table S5: Relative difference
(%) between V2 and V1, V3 and V1 and V4 and V1 for each secondary outcome by the group; Table S6: Baseline
characteristics of participants in the sub-sample to evaluate the particle number for lipoproteins by the group;
Table S7: Median and 25th-75th percentiles for each lipoprotein at visits 2, 3 and 4 by the group.
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multiple adverse drug events, resulting in negative health outcomes and medication non-adherence [24].
In this regard, nutraceuticals have been proposed as natural alternatives to overcome these drawbacks,
in which phytosterols (PS) or plant sterols are considered an adjuvant therapy for individuals with
physiologic and metabolic alterations [25,26].

PS and phytostanols (PSn) are cholesterol-like molecules naturally found in vegetables and fruits.
PS has been proposed to manage serum cholesterol since the 1950s when Pollak et al. reported that PS
intake could reduce dietary cholesterol resorption [27]. Ever since then, several studies have reported
that daily PS consumption may reduce serum levels of total cholesterol (TChol) and low-density
lipoprotein cholesterol (LDL-c) [28-30]. Additionally, PS/PSn intake could improve other physiological
and metabolic parameters. Plat et al. found that individuals who consumed two grams of PSn for
8-weeks reduced non-high-density lipoprotein cholesterol, TChol and triglycerides (TG) levels [31].
Sialvera et al. observed reductions in TChol, LDL-c, TG and small dense LDL amongst individuals with
MS who consumed four grams of PS after two months of the intervention [32]. Conversely, another
study demonstrated that intaking two grams of PS for three months did not improve the lipidic profile
in individuals with MS [33]. Other studies have stated that PS could improve fasting glucose [34] and
blood pressure [35].

Different factors could explain these diverse findings, for example, the food matrix in which PS/PSn
is delivered, the daily dose of PS/PSn, free or esterified form, and population characteristics [36=39].
Particularly, free-PS nanoparticles (<1 um) have shown hypotriglyceridaemic effects in comparison
to PS esters in hypercholesterolaemic individuals [40]. However, to the best of our knowledge, no
study has evaluated the effect of an aqueous dispersion of free-phytosterols nanoparticles (f-PSnano)
in individuals with MS.

The primary purpose of this study was to evaluate the therapeutic effect of daily supplementation
of an aqueous dispersion of 2 g of f-PSnano in individuals with MS over six months of intervention,
compared with placebo. Secondary and exploratory analyses were conducted to expand our knowledge
of the effects of PS consumption on other metabolic changes in individuals with MS.

2. Materials and Methods

2.1. Design

This study was a parallel, randomised, double-blind, placebo-controlled trial of f-PSnano in
individuals with MS. This trial was conducted in three sites, considered as primary care centres,
from January to November 2018, in Chile. Besides, this study adhered to the Declaration of Helsinki
and Good Clinical Practice guidelines, was approved by the East Metropolitan Health Service Ethics
Committee in Chile and registered at ClinicalTrials.gov (NCT02969720).

2.2. Participants

To be eligible, participants had to meet the following criteria: (i) age between 18 and 65 years;
(i) availability to attend morning appointments; (iii) have been diagnosed with metabolic syndrome or
met diagnosis criteria at the beginning of the study. The individual is diagnosed with MS if she/he
meets, at least, three out of five of the MS criteria (Table 1) proposed by Alberti et al. [13]. On the
other hand, participants were not eligible if they: (i) had alcohol-related problems; (ii) had familial
sitosterolaemia or hypercholesterolaemia; (iii) were consuming phytosterols at the moment of this
study; (iv) were pregnant or breastfeeding; (v) had a medical history of myocardial infarction, stroke,
decompensated diabetes or hypertension; (vi) not able to make decisions for themselves; (vii) peaple
consuming weight management pills. During this study, there was no restriction on medication intake
or dietary patterns.




