850%&%&%%%

i

Ciligs DuSits
30lgs
sSl“ ;)l.o ) M b us «S“’ u"’u > "“‘5 3‘99“5 sSl'“ (}é” l" 4“-1&‘ 3 Ysilf—v\aif v‘-s; )3‘
99 &9 Sobd 4 Wi YLy 3 0 GalS— oS
W 33 (ilngt P oks ol 51 (Gl 5 4> 3 IS1 Cuga aalisbily
S99 31 Ao (ol 55O el y Sl

S — S g0 > 559 9 Hliled 5 Sgrmo §I9 2 4gliwe vuilut

S 5B s 3 L yowod 29iild TSN gils oL g pb

39 1 ez Jluwows









NS e :
Al (;" Maobsnp Jsd o JCs0516

12,00 /L/L«ulﬁah e
“ o Tew

4 s / ) T
'K,L"J"L“UJ”’/-,‘) ,u,auc;n,wuf/“d{;cwu v
. y . / . A ‘o‘ *w N /'
u}.L/b/w{./I JeFsnl )1 /9,{{ - Ut”UVL’f//, _"/IJJW@UL/»:J Sl

-~

/‘ R ' % o, % :o ) ‘". / * 0
‘JfL/”f/”"’“’f;j’Mﬂ _./‘:/;/V/l{dj/d;l;dh)f/d"/o/u,w’) //fu/o”“r/

oslasd f./.’/. u“» ’ ridbﬁ..) Klas s (§ o a//r?d/./'/'u’f U’/’;’ ’ fg:f A

w~

. L Sy o o /. " .
O gt Lo 5 6T o1 o e o w;ufu’?

Nz
0,&’)
Il el

J w
] Jhll

w e

Sy H S ATt

u/ e
UUL’/»’//’)JW.TA%

zr’/“!uf/l"//butm:



S A
S /‘u

Oy till



o Cow pe8

L e e R R ouS>
) e te bR AR e SIS : gl Juad
Y et e R R R RS e s Cobo-1-)

et e R R e ettt <obo J 8 e Sl e -V-)

et e e R bbb Cobo g ol gl 4y Cooglie -Y-)

0 e R R Rt Cobo J s -F-)

0 e e R elilpe o> slaaul -0-)

Vet e e R Leslossl T -#-)

A e e R R e e RESLEAS

ettt bR R RS R RS RS e R Yeils -A-)

N s g OYl5w 5 Ols,8 clual -1-)

T TP bbb Lol Gos -V-9-)

Y ) ettt ettt aabiybl o5 Blanl -Y-9-)

I ORI bbb (605,18 Claal -¥-1-)

Y ettt e R e Sles 3 -F-9-)

YD R alie Oldlas (5,90 :p90 Jad
YA ettt R e e ettt ree >l Ghgy ipgm Jad
Y ¢ R R R R e Rkt adlae b g g4 -)-Y
) ettt AR R axllas 3 g IS 0S5 -Y-Y
) e e e b et o S dxel> Oleogas -V-Y
L SO OO OT OSSO T PP E PSRRI adllas 4 09,9 slo,Lze -V -Y-Y

L TP axdllas 45 09,9 poe slo Lo -Y-Y-Y

Y ettt bR R adllas 5l g5 slo Lo -Y-Y-Y



T et e (& e Jgoz) 2l 0y50 sl i —O-Y
Y B ettt e e e bbbt >l g, dods -#-Y
N ettt AR e OB LS ES 0 Copg gainle ael p -Y-Y
T e bR daxlllas Slasin -A-Y
VY et (Randomization) (s;ls slas -V-A-Y
VYV ettt (Allocation concealment) acass sjle ol -Y-A-Y
T ettt e s s e Blinding ) s;Lu,s5-Y-A-Y
YA oo M| (s 5] max sl 5l -a-Y
0 asdllas 3,50 o3l 136 w3, bl -V -9-F
Y2 e aslllas 3550 o3 Soy cudled -Y-a-Y

Y Q e asdllas 3,50 3131 Lg)ls Sl pss Sl Y-
Y oo Ml 5 andllae g0 o3l Cons 50 ~F-A-Y

Y Q e Ss> slo sl -0-a-¥F

B & e G resrg 5] sla asls —F-a-Y
L0 S b yite Lo -Y-2-Y

T ) ettt ettt axlllas 3,90 0,8l 4y cauf, sl Aoy -V oY
110 PSSO & bl LTV Y-
B e loazdl, oo ko Juad
LA S asdllas 5,50 ol 31 -\ -F
YA st aslllas 5,90 3,31 Sy clad 5 olié lacily o -V-F
L5 PO Al lae 350 sl g, (mloowd 5 JUT-Y-F
B e asdllas 550 9131 15 oy S 5 5 g9 2 B iy, Ll —F-F

anllas 350 81,31 3 g &) Cnglivn glo (aslis 5 gusl LSl o3 B g5, p Aliloe sl ds, il -0-F



A aslllas 5,90 3l 3l 55— s0S slo asli (g5, AlSlae sl (5, il 4 bgy e gl —F-F
L7 aslllae S50 33l S Bran syg,S Dl oy -V-F
Y i AR R Co iy Juad
(R el 4 Canglie sl (i g Cadgmdl palaw LBl e 0B L oS e, Oy Ol V-0
BOY gl 4 Canglie slo (aFLi 5 dgm! ol il o3 aid 5 VeilS (5, B pae ol 3 -Y-0

OF et eseene G9lS-60S o Sl (59, p YeilS g oS sl 1E9, B pae I SI-Y-0

Y ettt bbbt nenan u‘)Lo.u a 0 4.;")‘ ‘S:L).C- 6LQM5) —YO)LM wg.».:
VY ettt e e et 039, duw Slygz cblool - o Lo g

Ny ettt ettt et a sttt e s e et et sa st b s enanans J‘)ywrﬂ)ﬁé—f O)LMW}».:

N et ettt ettt ettt et sttt et s s eaenansaes (5’ ..\.aw.ll.aé‘sm));rn)ﬁ—a O)Lo.mwa.u



B S Cw g

asllas glyzl i, g HFAnS o8 0 o Lie SisSm 5 oo dolas —V-F S



Joln> Cuw 38

YV s \Mwu‘)) o..\.m«_i&n.’5(}5u)5.@d.JAJJUQA)Oo..\.HSuS).wJ‘)S‘uLHa&.a}—\—f JB&
YA Doy culad 5 ot 2l s oy slaand dipdie oot s w5l polie -Y-F Jpur
| e SRR | aJlao 0)9.0 LgLQu.Cs) < Lgl.b..\.».u‘ g.,u.S).: —Yl—f JB&

WS (€9, B pae slaoyed ;0 o CuS 5 g (59 S odd baad g el o lailinl glas g 1Sk -F-F oo
\

f\ .................................................................................................................................................. Yylf—..\::..f O.és) 9 ‘)!9.;15 &9)
1 Conglie sl el 5 cyadgml il (yp3 Qi (g odds yans g pl o, laibias] gllas 5 puSils -0-F Jgor
f\‘ ........................................................................ ‘Yyls—..\?us U.CS) 9 ‘)/5.:[5 U.CS) sA?L.S usg) dfa.a Lgl.ma)jo )Q u—AJj—MA—"

f& ......................................................................................................................... \Yylf—..\:z_.f U.Cg) 9 ‘}19.,[5 u.Cj) cA.‘?L.S U.Cs)



ouS>

*» 4

O Ega (955 S )3 ki e @ a5 el 3o o 55lom (5 @l 5l (S0 09l ol iU g dedie
O o=l &S s o3 Sabs lem JAS 5o soeite Julse el 1S i Gl b o Gl el o
oS e St 3 e Olie 4 gz 2188 ) sl 5l oges o)lal Sar cudlad 5 (oI w5 4 OlFee
oyl s 5 AL (sLa s, yas s sledl o s go a5l o3 STygs b i 552 5 535
Sl a8 S 18 sy 350 L (Sdle (59) p (ASe sla (89, Bras ST GeST el 00,5 Ty a8l axele
YolS 29, Sl 10,55 0 (pols Congemme 5l 9 998 (o0 Bran lpl anela 0 63k Gliee 4 9S85 039
San SAIE AL ol grw aslllas ] 55 090 (oo 428)5 S5 )0 ez gl ;5 Bras  GEs) Sy plsie & 5
oS sl s 55) p Il 89, 9 958 (585, S 5 5 iz Jpame) Ygili-aauS 5 Yoils waniS slaé,
Dl gy el 45 die S8 (GdS= gaS slayS o 5 emndSe i

a8 il e 55 s s abline g ond g3l dolas b oloy LS anlllas S, ol adlllas il sig,y g Slge
O£9, B pae slao,gs o Bolal &jgo 4y o8l axdllas (il jo el oalls sl g0 g5 ol M 0,8 VY (g,
Fabhuly e 89) (Brae sloosl g amelnl Job & atin 8 (Bpas 0)90 0 085 )5 Vaili-amuS 9 VeilSams
Iy 052 Ui (Span soyeg, a5 ol aiwlgs ol 81 5l alslow 0,90,0 ;0 il lax )08 5l 98 5 Gl 0,90 asan
Sl b (Brae (8) 95 & Comnd (eliizns 09,5 g 0uiiS S8 L Sl IS, e ST 3l addllas sla g, L
9 @2t SBly0 (i 5 Sl oy yetate 4 5B ya sleil g ailie dal yo ol 3 5l asslas AT gLl 5L
o plomil (655 093 090 58 sleiil g Il 50 g dal Jae 4 ges 05 b Cubid 350 10 jed> lp (G collad
sl 255 58 e bl s il )0 ssedS— oS sl S il 5 (153 w8 S Gl a3 s (15 o3l riaren
Generalized g, 3l oolaiwl L alslae sla 0,50 51 So o sloil 4 s lal o b pusito (10 Klo .28 )5 )18
(9, a8l ,0 o gie (i oy S st (gl 0als Jiass g pl> & yg0 4 linear model repeated measures
Sy 5 Ll ol 6l ools s anglin oy odled g g5, Sl Ol yenis candllas gl yo Soy 038 agles
8,5 )18 anslie 0,90 linear mixed effect model g, 5l oolaiw! b alsloe slo 0,80 (yus

L



Sl 5 cd F 18 LUyl 0,00 g 00g JolS a5 A0 4 bgy e Sledbl woaiiS S 15 0,8 VY L iy a8l
i il 00 e gl (P> /- 0) auts sanlie n slo yuiie 5| plaSmen (gl alilas gl 6,90 oo
P/ 0) e Bl Rl 8 VG g aoiS sl (589, Brae 5 0590 Sl Jo O i & S (LA S lgase o
Bran 3l 30 1 6S je0 . (P = 0/o YY) Sl iol8l asuS eg, Bran (5 0,90 LG o BMI Suy (5 0085 Ll
o] Sibgases glaite s §f ms (P< [ D)cubls Lo ine ol Yol azmiS 5 Yol woS slo s,
i 1P [ 1F) 23l Gl VIS 55 Gy 5 550 3 103 & a5 120 95 a5 g (e
Oyl zobaws (P> /2 0) 0ld sanline (6> (cmo s )0 (fire YgilS-aouiS (489, 9 aS (€9, B pan 09 40
P [20) ey s (e a5 b (85, Brae (50,90 a0 Sl jo Kbgade o pite Joosd 5l ey o
Lo g, By sl 0,95 Ll o QUICKI 3 HOMA-IR ppdgu] s ol 5 anglia slo asls polie
oo allie gl g, Gy Sl 45 65 ine ks gt (P [+ 0) by sllae Sl it YailSmamiS g azuS
2355 Okl o b oy (]S o rizen (P> +/+0) wid oaalie o o5zl 5 (05 sl w3l 55, 2
gl g5 g (sl 0,98 G sl BT (P = ¢ /0 YF) il rals 0)90 pled (Sl 4 o aouS (49, Bpas
S sla S ke 5 (eomanlS (i (5 slo st (55) 2 Wil 510,50 50 ead Al lae g s o (510 (e

P> +1+0) ol s souls
e VS 0S5 woniS IS i) £ s o (5 oaselS S | Sl ol anllae gl s e A 3 iy
Ao g domiS gy Srae sle 0,99 1 (dgedl a4 Cueglie slo (el gy oy gl Zolaw 5 5eS 590 (5,
03555 oAt il il VoIS aomsS 5 S s, s 4l e (sla o505 o (35 SIS Cpllan s Yisls
38 59y = =8 SIS (85 eizren W uAls (Rl asS (485, Bran (50,90 GhL S ol G s
SOI> mme Dyl Lol L8l a8l aosST (29, Bran (50,90 G )0 5 oy eidl)S ol o LU (o5
N9 o (o Al (Il slayg, s3> €9, E95 A o a5 Cunl IS A p3Y Ll S92 g AdS o sl 090

Al ol VeilS—aouS (184, gl yol> aslllas o OISl 0 5 Csllas ax S

G



ol sl el les,5 ol ailoles 45 IRCT2016091312571N6 o Ly ol asllias : Sudly oalojT 18 ol

ey < 4 (IRCT)
(gl 4 Conlis (il 4 Coglie (635 1o (Bl oS 5 (39 Vel g, S ey, il (B ilg

wbo 9 651,]5 6L°)5)L° sd‘du; 6[@ w.:)j






wlls :J,‘ Jnaﬁ



Cabs-1-)

6o £95 ol ol oo s 03B L8l ol pem 4y 45 el ]S sl pitns Sidslie LS o5 cabys
2 P 5 o5 9 malil sl g atb e g3 o L ol o ,Shes )5 (Al gl b S5 5l it
glosl any s Lows ol (ADA, 2014, Kahn and Flier, 2000) ss—3 oo (pufSs 0 3 (22 «Slyoudgs,S medsilio
E9- Zbo 45 (de Faria Maraschin, 2013) 045 co pumnds (5)0,L Colid g 50 £55 Cubo « S £95 ol onas
084S gl bl ecay o8 Gobo oo go oSS 1) (ol glsil ao jo Ae 51 i) (glew ol SIS0 0 S el g0
5555 e S STy 555515 il 5l el 53 a5 o3l 5 5)ls 2 o Jse e Y 5VL 053

& o ol (Han et al,, 2016, WHO) s <ol £95 ol jlo wijls jid 50 Jge oo VY (gglane i

95 B0 3550 Gl Ol biwgs 45 w09l e Csme Gloz 50 1Ty e Slagslem s Sl (S 0394
Gl ool iz lis Sl Swail SOl 4 oS5 g s 58 0 Golew (pl &S S LA S I8 o)y

(Wild et al., 2004, Shaw et al., 2010)

Ol gl 0 ) Sdoe & S G O 50 &5 09800 LD 5 (dgedl 4 dily 28 Sobs Dlgre 4 g0 g9 Subo
(S 75 05 o (Il g 039 Blal @ plgier lenr nl 92 YO (e 5SS (oa Ty Zeaglie
o ol (6 olons 30 5,5 0, (ADA, 2014) YU 135 oy 5 055 )by b3 o 6,10,k s Akl
Cobo A diw o8l slaws Yo ¥ Jlu jo ol 155 ubs el (ildl 4y g Jo e 10 02 g Slex D90
YL gais onmy lis Sldlas cpuzxen (Whiting et al., 2011) o, aalys> 185 yaudis OYY @ ez o
asls— (Collaboration, 2016) aslosss Y-V Jlow jo (Slpl cmaz 10 (0o, 0 VW VIY VIV 0) 6 ke o)
i (pired g Loodlgils o5 e Jlars ol 8l a1y sobj solasdl )b ;550 (s lew a5 cul T 51 S
a5 5,9k 4 (Wild et al., 2004) oS o oozt clawgio b g oyl del 0 b (sla a8 10 035 4 caals> adlas

(Bommer et o 08 oS S5 0l V0 gl 5 VY oo yi j5b 4 cobs Sl lo aze Y10 Jlo o

al., 2017)



Cebo J 558 50 (Sl i -¥-)
So Olsie a ojg el ol go at8)S IS o adying sloyeiS o Sk Jane S plse 4 by Sbj xS
FoY 5l G YN0 Jlo o (Kim and Popkin, 2005) ail oo ju drwgs Jl> 0 sl ,0iS 10 eges S5
S 085 et w03 VY g Gl gs B gy s Wi GLulid Gl o8 Gy e s i (ks
b e 9 S e g Bg,em ol sl g lewm (> oy OS] cols S, Sl (Collaborators, 2017)
A soges Sl bawglis o oo Bl i85 0)9,.l (Bodegard et al., 2013) 55 o YU 1, b g lew ol
5 B9l le sylan adox 5l oie sl (glan 5l sl dgarme (655 USE 50 ()T St Cuenl Lo
s3> S job an oSS Bl ] 0 ogdle (McTernan et al., 2002) col oals 5 5, 5 Cobs (5 lew
0590l JuJo cyoqe (Eckel et al., 2005) 5.5 oo )18 Sgilie pgy0im 5 Cubo (6 lew poo b2 5518 Sy
oo Lo §)len 5l il 625 USD 50 sl dhaly A 5 a5l (oo (Sl US4 )l el
e Oleme dn (olie gl S sl a e e Sus; w0 s (Mottillo et al., 2010) o,ls
5= ol e 42,81 (Swinburn et al., 2004) o o 48,5 a5 o Sl b ablie gl mpe sl o351 ]
Hladie) (8L 50 la (gdre Cudyd s g (e Lol el Bl (6,57 JSKG (0 pae Jole SO lgie 4 (8L 5o

Nl s (Bl olml )0 55 (8,5 27 9 eSon Dlerg S
Jo ol S lsie 4y LS slo 2, 5l eolatul 151 (Bosy-Westphal and Miller, 2015, Pan et al., 1994)

Sl 31y a0l Olalllas (Hunter, 1990) wl oo olgaion S oleyo g 6 pXin sl ol

Sl @y o g5y (PUFAY glsl 1é iz yz 6l apl s (MUFA) glosl 1é 5 0z o

(Micallef et al., 2009)

'MUFA: monounsaturated fatty acids

'PUFA: polyunsaturated fatty acids



b 9 (rd gl 49 Ceoglito ~¥ -
O JLss a5 aimo ol (gl @ (mslin ey o ladsbos )T 50 a5 sl (ayl s (o gmndl 4y Caglie
e gl s Canglie Sl 43 895 o0 o5 B SRl el argliyso @ g ot P s SIS i
Ol a Lo Jslow gy 5o JSiin ol ol gl Jladie 5l iy (> g (oamb o )3 00l a9l
(Seidell, 2000) 5o o ¥ s Solis 59,0 4 e 0dis iSO 9o 4 Vgere lgms] & Cooglie il oo
. (MacBRYDE, 1933)u_i ,lae LB alelis jomds  dawss VAN Jlo o ,b sl (odgnns] 4y Cangli pogie
sl -8l o (Kahn and Flier, 2000) ol  Soo3 g abal, Bl b cpdgud] 4 Ceoglin a5 ail oolo jlis awleds
L gl 8L polie adgi 0 o g ] Jpana o 31 51 i Ygomo eldl & Canglio o oo
lol jo gl 4y Cuaglie . (Modan et al., 1985) sqi oo axzLishyperinsulinemia Leosdgud! ule olgie
Tobw creb e ioli 8l el (a4 9l OIS 4y i a5 Sl @oe 5 008 cols Clodle 43S o
BBl (oo g 2 Cnglin @ (5 @ Al 5| (Fhs g 55505 e (S WS (on g+ 9 33
Py—azs yeye 6le (5 )les Copde 10 pgus! 4 Cuglie S a5 bl 5l (Page and Johnson, 2018)
S aily e eyl a4y Caeglie 2alS s e slo o3l 5l oolitul o jls pulul EE g9 g5 ol
5 LS oS5 5 Shansy S oS sle am, 5l ool ¢ Wlo sla 3, 5 ooliiu] acsl susS S 5wl S
&l— (Monzavi et al., 2006) aiil o (S8; S s 41 by o 2l IS sla 551 il aox 5l 159 (20l
= QUICKI (5, %50 g HOMA-IR LysT 51 Sy a5 05 o oolitsl S Lo cpaiz 5l crdgund] 0 Conglite b3,

.(Singh and Saxena, 2010) ol

S oyl Jome oml el L glo koo o Shas 5 (a4 Conglivo 25,) oo ST (HOMA -IR) - 25U

sl sle Jas 5l o (S (Matthews et al., 1985) o &)1 YAAD Jlo o il Ken g Matthews lawgs

"HOMA-IR: Homeostatic Model Assessment for Insulin Resistance



oozl oy eyl 5 08 Sl zglaws 5l s Jge,3 l (s99 8 5 il S QUICKI) oyl ) Casslie

(Keskin et al., 2005) o5 oo

obs J s -F-)

5 (ADA, 2014) wisis oo wryme Slis J,iS b g 59,0 1 s Lelss aloz 5l olid Slole 5 oy colled
9y S Sloid (Olm s g ogee Brae 4 Glgie Cobd Camdg 9 p IS0 0] Grdrog alox
. (Deedwania et al., 2015)s,5 o Lol gLl > slaanw! B rae rals

Ol g gl o Connls o PLSTL o138 05, 50 gLdl o)z ol cdl o 48§ &5 Slalllae Gl
ol L slil e o> sl G pas puzan g (Feskens, 1999) coul ol pan g0 £98 Cobo 4y Dl Hlas
(Roswall et al., 2015) cowd ol yor ] 51 Jol> o lse 9 (5 low ol o

ELdl et 0y ol -0-)

odols gLl ;e oy sl awl ol alils Sy chclias ign SO JBlax Ll oy 0 4T oz slaa!
pe—s (PUFAS) elil e o> g (MUFAS) slil e S oz 09,5 90 0 gludlé slo oy disd oo
LSl g ¥-L5al 03,5 9 10 055 ailS90 Wigm gl Candge Loll p glosl & a0y sla dul i oo

(R&d, 54 o0 a0y 2l0g a3, ,0 MUFAS  PUFAS LX(SFAS) slil oy slaonwl 05500 05 54!

aalol o a5 wilesls 5,155 1) sladl e > slaanwl L1y SFAS 035> wude &I 51 goasie olalllas .2005)
4 G SFAS Byae 45 sl o0ls (jlis Slgu andllae G 5l Jool> zulis 09 oo 0,Lil by 51 solows 4
= A4S Sl a0y LiS pazmen 9 0l gl 4 Canles (6t e Ol 3TPUFAS ¢ MUFAS
(Fickova et al., 1998, Jucker et al., oS o lay malS Y-LSKol 0> slaawl il 1o b sguw Sl 31l 5l

st sl gl 1 oy slaaul Ly SFAS 1 5Kila o coul oud saslie Slusl olalllas s 1999)

'QUICKI: Quantitative Insulin Sensitivity Check Index
°SFAs: saturated fatty acids



e (G5 ¢ Sl olejl LS Slalllas (Vessby, 2000) sgis o obs jlzo o3l 4o 556k5 et glio
(Mozaffarian et al., alosls ;Lis §g,e-d8 cedw gl |, PUFAS céb o jiol38l g SFAS il o juals
)i v3, ;9 SFAS L PUFAS o iSila 5 90 g9 obio an Sl s wsSae L3l ] 0 0gdle 2010)

(Salmeron et al., 2001) cewl oais (4,155 ols 4 PUFAS G a0 b, o (Meyer et al., 2001)

(low density lipoporotein ) ys=> o ,> zobhw jials . MUFAS I e slapas, Sl 5l S b ow,p
IS oz ool £65 cpl oass 59 51 o (Dreon et al., 1990) o, (sliss g 5 Cholesterol

YL Byae LS5 el B ezl )55 ulul 55 (Rasmussen et al., 1993) sl o (55 ,Lid 5 (o5 i
(Schwingshackl and Hoffmann, ss 3£ TG clae pals ccel cowl (Son 2l3¢ 025, ,0 MUFAS
HDLY s TG , MUFAS | & olié w3, o205 il o las bl adllas 5 5l Jol> gls 2012)
& 00xSaul 3l Sldllae MUFAS 5 o9dle yiman (Schwingshackl and Hoffmann, 2012) el oo C
o8l Les (Kris-Etherton et al., 2002, Bergouignan et al., 2009) alosss Y-l o > slaawl il
Sgiin w3l G Slel Jels il 0 o Sedgon T sl 0l (al33 sl Kl 0z (sladd 5
3 ldlas s Ll (Hibbeln et al., 2006) wlosgs $-5al o yz (gbvomsl 5l oolii] ay diins Cyainy Sliniss
(Bergouignan et al., 2009, wilas 5 )18 Slibss lawg idos Colem 5,50 MUFAS § Y-l O ,> slaoul
50 94l il 8l F-LSal Oy slaaiw] B pae a8l drwss slo5iS (o 034, Kris-Etherton et al., 2002)
Cesl 00 005 et S 43 VO (o8 D jg0 4 TRl 4 Pl G gloal cod ( (B50 0132 lags,
ol i olpdlacs slpsdled o V-1l O, ol a5 cul .55 4y #3Y (Simopoulos, 2002)
L VLKl a4 7- L0l YL caus a0 o (DeFilippis and Sperling, 2006, Kris-Etherton et al., 2002)

(Simopoulos, 2004) ol bLs )l o Bgye- L8 slos o diile (roie las low 5l (golows 33950 iulsél

TG: triglyceride

YHDL-C: high density lipoprotein cholesterol



Slosalie Gladllas I Jool> b as)ls oage p 1) cope (i 2LS slojeg, 03950l o138 slaeas, 5o
4 lools sleiiiny (Sgpem o8 slags low ply po oaisS Cliblre Jole S Glgie 4] (LS slagés, b pan
LSl 4y F- el s 9 YL MUFAS L (5505 (€9, 0aisS cdadloes Ol 3151 Sl addlas S gl ¢ Jls olgae
(De Lorgeril etal., col slalisae mj, ;0 YU -l & Y-l coes s YU MUFAS L YoilS 125, 9 b ¥

1994)

giloomnST 5T 5
oS g Y o loasicin (g i8I (l)ls &5 laes! L o JsSse (s)ls o5 05 g0 4235 S b J3S5e ol
g a5 &ls e 59, 2 oy Sl oyl sla JGol, asl @l ol 59,8l atwg S0 &)l 4ol
SUgomnsd S ges Jolds (o 35T s gl o (5 o 50 a3l 5 ol ST (ST e

o, i 5 s 5oL (553Ul C B A la poliyg Jols conpil yuf w5 3lmSTyy 0y53bsl VLIS

b e

23 5 (SownST BT gans HUS ;0 PUFAS 4 layloesT T o> olae o035, <5 .(Birben et al., 2012)
(Das, 2000, Lobo et al., &S oo ! 1, R R QT L Lo e sl low 5 slonnsST slacy 50 5l cailas

(Giacco and Brownlee, 2010) s zi5 o] (2)lse g9, L g 90 45 Cobo Cdpbon 4 (youidy Ca p

Bgin oo SBL 0 uf g Az Al () o)las ()l 5y ale ol 5l elgil o SlansT T il s
(Virruso et al., 2014, Claus et al., 2015, Roby et al., 2013, Yeh et al., 2014, Sankar et al., 2005a)
5 Slzroge (DL )3 sg2g0 slaplusT (2l SISl 1 e |y gumlsd (Sl 5 Sjslgeeny! Sl

(Ol gl i adas 5l oasie gla LS (Jlie lgae as asilosls Lis ete sla s lows 9 50 Sl s

JU 0 39, 3l oolitul b g axies G L8 o5y, lawgs a5 05 ls 3925 o] (589, 9 920 58 craeli 5 Joieel iy

(Tsuruoka et al., 2005) wigis o 03I glin LeJgSiS ol in oy L5 )1 (0l (0 5 aisS o lay ol ) S &



coles 4o 9 (Nakai et al., 2003) aiwe 555 by SlowusST BT caols sl)ls polyus 1 Jol> sl J5SiS
(Hirose et al., 1991, Sirato-Yasumoto et al., 2001, oS Jlis |, oS 10 0,2 adsi 5 padsolin 0les o

LS 5l il crl S (TC) s JgiadS 1 Slitine ol oasals ol 56 Ashakumary et al., 1999)

(Hirose et o,ls i JgidS adgs ol 0 a5 ol T o 3lsS= b )6elS e Y- ouSg 000V o 5l codled
medsilie JLge 1 1y 05ls (sl ST eyl s Sy5sles soalled 3 ous alowl Slalllas e ys al., 1991)
550, To5= ool ol Called Sla g eleilnd oz ol (0,5 0 j9z s w0, 5l JgyndS i oz
ol o el San o3 o3, slagloanST ST 5l (S oeizen (Hirose et al., 1991) wlesls i,155
20 550 slentig (S ol g aiib Fge (gmmlonnS LG ¢ 5590d) dud pedd e o 30 slays

(Tsuruoka et al., 2005) aijle Slo |, o, glaaawl Jll

Sgsn Cusls (238 Slge syl Lo b Jolss ;5 baplageST il alox 5l gdae dlge (S0 Sujslsm 3!
fSas SlaS 3 plo b oS aiile (@I58 olge (55 )0 39290 LS oS 5 a0 (Zhu et al., 2000)

J—A.ASLFAJ_A.C)J)JH ‘@LQ,)c\;L:buL.iqu M@)} uw‘&.,.ws‘).:)a J9)5959.:—LD.‘" asle wils U"‘ RS- N

.(Hemalatha and Rao, 2004)

oS -V-)

O£9y Pls g Sleogas ojls Al lie wiz fead &5 sl gl glo ,585 50 Cgme sl (ol Al S
Koo S polie golm oS yeq, (Namiki, 2007) coul 00,8 Ciz 055 4 |y laixe 5l (g )l S
(Sankar et al., 2006b) (¢4, duo,o T+) MUFAS 4 (€9, duo,o FY) PUFAS «(f- mg/\+ - gnN E elog
Sle oSt (5T Glie @ a5 Jyislin 5 Galgalinn ppalims aloz 51 2l QLS (5l wzaiS als 5 03l (o
WS i, o LS 5 Js,deS si-lT oYb yolis (KITA et al., 1995) ol cigds o a23Lids ago 5 yigo

polie (ol 1 0gdle (Nakai et al., 2003) oS oo cusis ol5] sla JISGol, ()9l g 10 1) eg, (pl cud b

ATC: total cholestrol



TC - als ol (Swials 31,0 cl (S a8 &ils 13 09290 (a3 S yad g (LAY sl Setlgid oYL
L awlio o asuS 1 2g, Sl ey aS Sldlas ow,, o (Lemcke-Norojirvi et al., 2001) ol aiils s
5 SANKAr Lasg S flagys sl sl (asLs 5 035 55 2 (S5 09y 5 98 89))rae Jyere sl s
L amnslio ;o BMI g (5l 595 (05 599 ¢339 polie 5o (5 bobine (1alS Cacl S (89 s plil oo
ol e g Helli . (Sankar et al., 2005b, Sankar et al., 2006d, Sankar et al., 2006C) ol Jgozo slo 4e9,
Silor sle ,5S L S (55, 2 (WS (585, hol lo (LS 5l (Susesamin ) 1 o) 2 a4 (sl addllae 5o
Aoy g S 50 40 (5Ll Jxe alS celi sesamin oS oly lis aslas cpl ol aSley  (Bg,e- 8 slo
(Hellietal., o5 jls cmo J 35S 09,5 b duslio ;0 (usls 599 9 505 550 o035 polie (RalS 05l (o0 (0 (02
=1y Sesamin U g, JoSo Sl as il Sen s Mohammad shahi ¢ asdllas ;o a5 04 Jl> j0 o 2016)
(039 3 sl S yesys il slo (asls 1o 5yl (e (EalS 45T g 0y gy 50 £58 el b 3Ll (s,

.(Mohammad Shahi et al., 2017) oz osaliv ds o, doys'y BMI (pul 490 (e 490

Yol —-A-)
5ol py8 @ 0n] oo olas 4 1S 25, (5 Acgame 55 a5 abl o Brassicaceae oolgils 4y 3lae YgilS
Sl Syl b e S lgie & Rapeseed aidS ;o 04l o axo5 Rapeseed  «ls ol (5 00is (5 )4],8
by ol ol YU as o cde 4y Rapeseed (g, 8 pae NA0F Jlo ;o dil (o 5 ol oo alil YU
Cal 035 Sl Syl amo s Fr 5l iy sl de, cnl e aie Lsludl sl (FDAY s s 5 13& olosls
Y5565 515 (YL prlans e lnals (sl 238 oole ) G pae 5LSLE <ol s ogdle (Dupont et al., 1989)
Ve Lo bl 5o Ll (USDA, 2017) o8 log (alS wed oo Sllge oy o sl el Yo polie o oS

5 S sl as win S adsi ol cnl SHLECR) (aaly sl Soosg 1 b 085 859 0ol (000 (5

‘LA: linoleic acid

'BMI: body mass index

'Food and drug administration
'LECR: low erucic acid rapeseed oil



ls ol 3l gamas d5e8 udgs cel Joe (ol 09 30 SV 5365605 5l (65T polie 5 duwl Syl ds o ==
a3, 5l Slas Oy 4 Vgl (89, Bpas Jlglys arnds Jlo Te Job o ol (0 0l YeilS el 40 289,

sra—ul S 5l oads aBlis alS slays, oo ;0 PUFAS 51 2 mlin 5l (SO lgie a0 YgilS )8,
VA dga (ol VgilS' (189, S (o0 Ll (129, (ol aiScen wilgd yo ) (ol (28 Vgl 29, 50 09290 0
DHAYLw iy oy demsl lyie s (ALAY sl SCilgis il sy 1) 5 (LAY gl Spilid oo
Czernichow et al., 2010, Laaksonen et al., 2005, ) a_&b o duul S5l a0 0F 5 oLl ,o EPX 4
390m L weSe O ygo a0 LA a8 Cwl oals ooly ylid a8 5 & jg0 Sladlas wlul o .(Warensjo et al., 2008
oe—zek o (Warensjo et al., 2008, Risérus et al., 2009) el bLs )| o Bg,e- 8 5 Cubo slas low
(Mozaffarian, 2005, De s,ls 3s,e- 8 laglom S ol o oge Juis ALA I 35 ,olis
4 ol ools ylas 1) —adlie bt 56 g0 slo m iyl g, 2 b oeg, 1 Olalllas Lorgeril et al., 1994)
S35 = O3 09y 3 YP (89, Sl oy jskaie 4y gl adlllan YoV Lo o (il Sen 5 Kruse Jle lgis
Y5ls (89, a5 ols Lt adlllas (nl @l (b 5o sy (605 Sl T Geizeed 5 e Gelgd! 2ol
(Kruse etal., a_s 505 o9, L anlio 10 60S sla w3l g p oy Gdgus] o o xe palS el
Sran Jyore slo (29, Ly aglie 0 V5ilS (85, 3l oy & (sl asdllae o (31 Sen 5 Nigam.2015)
Odgmdl ) Caglio slo ali 5 o gl o Jlo pme 1alS cel VailS 4, dalllas ol jo 0Bl
ol S 09,5 L awslie o aldslon 09,5 jo souS o p.i)'.ﬂ 5 ‘nlaf@,m A S 09,8 b duslae o

(Nigam et al., 2014) scslas g,lo xe

LA: linoleic acid

ALA: alpha-linolenic acid
'DHA: docosahexaenoic acid
EPA: eicosapentaenoic acid
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The effect of sesame-canola oil on the anthropometric measurements, glycemic indices and liver-

kidney markers compared to sesame and canola oil in patients with type 2 diabetes

Summary

Background and objectives: Diabetes is one the most prevalent chronic diseases which progresses all
around the world due to the several factors like aging, having unhealthy and sedentary lifestyles. Several
strategies have been defined in order to manage diabetes, specifically diet and physical activity. Fats are
characterized as an inseparable part of a diet and one of the most important sources of energy. In recent
years consuming edible oils have been increased, most of their health benefits have been assessed. To
date, the health effects of various edible oils on health aspects have been investigated. Nowadays, sesame
oil is used widely in Iran and has been focused a lot. On the other hand, canola oil is used in large
amounts universally. Thus, in the present study, we aimed to assess the effect of sesame and sesame-
canola oil (a blend of canola and sesame oils) on anthropometric measurements, glycemic control and

liver-kidney markers in the patients with type 2 diabetic patients.

Materials and methods: The current study is a randomized triple-blind three-way cross-over clinical trial
which was conducted on 102 patients with diabetes. In this trial, participants randomly entered one of the
oil consuming duration. Each intervention period lasted for 9 weeks and a 4-week interval time as
washout period separated intervention duration. Participants were asked to replace their usual consuming
oils with intervention oils. Either participants or personnel were not aware of the type of consumed oils.
There were three clinical visits at the beginning, in the middle, and at the end of each phase in order to
assess anthropometric indices, food intakes, and physical activity. Additionally, blood samples were taken
at the beginning and end of each phase. In this study, anthropometric measurements, glycemic indices as
well as liver-kidney markers were analyzed. Generalized linear model repeated measure was used in order

to compare pre and post-intervention level of each marker. Adjusted mean and standard errors based on

ov



age, gender, BMI at baseline, mean of consumed oils, energy, and physical activity were reported as well
as crude means and standard errors. Between-duration comparisons were done using the linear mixed

effect model.

Results: Among 102 participants, 93 patients completed the study. Carryover effect was not reported for
any variable (P > 0.05). The adjusted within-duration analysis revealed significant increase in body
weight after sesame and canola oils periods (p < 0.05). A significant increase was observed for BMI after
sesame oil treatment (p = 0.031). Waist circumference was decreased following sesame oil and sesame-
canola oil treatments (p < 0.05). The multi-variable adjusted model shed light on an increase in fasting
blood sugar after canola oil treatment (p = 0.013). Although no significant changes were reported for
fasting blood sugar after sesame and sesame-canola oil interventions (p > 0.05). Serum insulin levels were
decreased significantly after all the treatment periods (p > 0.05). Insulin resistance and insulin sensitivity
markers, HOMA-IR and QUICKI were favorably changed following sesame oil and sesame-canola oil
interventions (p < 0.05). Serum urea as well as liver function enzymes did not change following the

interventions.

(p > 0.05). Serum creatinine decreased after sesame oil intervention (p = 0.026). The between-treatment
analysis revealed no significant differences for anthropometric measurements, glycemic indices and liver-

kidney markers between the intervention periods (p > 0.05).

Conclusion: According to the results of the current study, sesame, canola and sesame-canola oils may
have different favorable effects on anthropometric measurements, glycemic markers and liver-kidney
markers. All the three intervention oils are recognized as healthy edible oils. Considering the financial

limitations, canola and sesame-canola oil may be in priority.

Registration: The present randomized clinical trial was registered in the Iranian registry of clinical trials

(IRCT) (registration code: IRCT2016091312571N6).

Keywords: Sesame oil, Sesame-Canola oil, Diabetes.
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