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Variables Male (n=46) Female (n=49) Total (n=95)
Age (years) 49.73+1.02 48.65+0.96 49.17+0.70
Body weight (kg) 82.85+2.09 71.02+1.54 76.75+1.42
BMI (Kg/m?) 28.52+0.54 29.32+0.56 28.93+0.39
TC (mg/dl) 151.69 £ 4.44 170.22 £ 4.50 161.25 £ 3.29
HDL-C (mg/dl) 35.72+1.45 40.44+1.68 38.16+1.13
LDL-C (mg/dl) 76.08+2.58 85.06+2.67 80.71+1.91
TG (mg/dl) 155.17+10.89 156.28+11.86 155.74+8.03
Apo B (mg/dl) 94.59+6.04 94.93+3.65 94.77+3.46
Apo A (mg/dl) 143.15+2.98 160.51+4.13 151.67+2.89
Lipoprotein a (mg/dl) 23.20+3.93 22.31+3.11 22.73+2.46
LDL: HDL ratio 2.39+0.18 2.45x0.22 2.42+0.14
TC: HDL ratio 4.81+0.40 4.91+0.46 4.86+0.30
Apo B: Apo A ratio 0.67+0.04 0.61+0.03 0.64+0.02
TG: HDL ratio 5.62+0.90 5.17+0.96 5.39+0.66
DBP (mmHg) 7.58+0.16 7.14%0.15 7.36+0.11
SBP (mmHg) 10.65+0.20 10.05+0.20 10.34+0.14
Education (%)
Elementary or lower 21.7 42.9 32.6
High school 54.3 40.8 47.4
College and university 23.9 16.3 20
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Sesame oil Sesame-Canola oil Canola oil p-value
Consumed oil (gr) 27.14+151 28.18+1.51 26.99+1.52 0.575
Energy (Kcal)
Total 1764.42+37.61 1805.77+37.65 1768.20+37.70 0.298
Male 1935.91+53.61 1996.31+54.07 1961.65+54.19 0.360
Female 1617.71+43.38 1642.57+43.28 1605.60+43.29 0.641
Physical activity
(met-min/day)
Total 2182.69+26.56 2144.98+26.58 2182.88+26.70 0.190
Male 2152.82+42.90 2080.09+43.02 2157.88+43.21 0.047
Female 2193.88+32.20 2190.27+31.85 2191.73+32.10 0.993
Carbohydrate (gr)
Total 259.41+6.65 268.58+6.65 260.98+6.65 0.198
Male 287.37+£10.49 298.62+10.52 294.01+10.53 0.399
Female 234.98+7.04 242.10+£7.05 231.12+7.02 0.310
Protein (gr)
Total 69.02+1.64 69.78+1.64 68.88+1.64 0.804
Male 75.93+2.33 77.30+2.35 76.41+2.36 0.785
Female 62.87+1.97 63.24+1.97 62.73+1.97 0.970
Fat (gr)
Total 54.08+1.46 53.88+1.46 53.64+1.45 0.956
Male 58.01+1.97 58.58+1.95 57.10+1.95 0.768
Female 50.83+2.08 49.87+2.08 50.95+2.07 0.838
SAT (gr)
Total 15.80+0.46 15.56+0.46 15.34+0.46 0.641
Male 16.90+0.64 17.65+0.64 16.85+0.64 0.414
Female 14.85+0.61 13.78+0.61 14.01+0.61 0.250
MONO (gr)
Total 16.85+0.53 18.30+0.53 19.10+0.52 <0.001
Male 18.01+0.72 19.94+0.70 20.08+0.70 0.014
Female 15.78+0.76 16.73+0.76 18.39+0.76 0.003
POLY(gr)
Total 12.62+0.53 11.03+0.52 11.32+0.52 0.008
Male 13.23+0.59 11.51+0.60 10.97+0.60 0.009
Female 12.25+0.82 10.91+0.83 11.45+0.82 0.145
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Sesame oil Sesame-Canola oil Canola oil
After change P! After change Pl After change 28 P2 28

TC'

Crude 161.46+3.15 | 1.62+2.84 | 0564 | 163.14+355 | 0.14+3.08 | 0.962 | 162.64+3.27 1.14+2.65 | 0.668 | 0.837 | 0.941
Adjusted | 162.16+3.29 | 2.08+2.93 | 0482 | 162.44+3.67 | -0.56+3.22 | 0.869 | 163.30+3.39 | 2.03+2.69 | 0.500 | 0.915 | 0.781
HDL

Crude 40.70+1.13 | 0.05+0.90 | 0.930 39.61+1.05 | 0.99+0.75 | 0.190 | 40.07+0.99 | 1.16+0.81 | 0.159 | 0.495 | 0.664
Adjusted 40.58+1.87 | 0.61+1.68 | 0.700 37.20£1.83 | -0.40+1.64 | 0.969 39.51+1.67 1.79£150 | 0.318 | 0.424 | 0.623
LDL

Crude 81.39+1.96 | 0.28+1.60 | 0.862 82.15+2.07 | -0.36+1.84 | 0.845 81.62+1.95 | 0.16+157 | 0915 | 0.909 | 0.963
Adjusted 81.68+2.04 | 0.35£1.67 | 0.857 81.60+2.12 | -0.85+1.92 | 0.668 81.87+1.99 | 0.63+162 | 0.750 | 0.988 | 0.817
TG

Crude 149.08+9.27 | 7.03+8.05 | 0.412 | 149.79+8.41 | -3.05+7.28 | 0.676 | 150.76+7.82 | -1.91+6.79 | 0.778 | 0.985 | 0.668
Adjusted | 150.939.72 | 9.37+8.49 | 0.278 | 151.92+8.81 | -0.32+7.28 | 0.914 | 152.78+8.03 | -0.94:6.99 | 0.919 | 0.984 | 0.656
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Sesame oil Sesame-Canola oil Canola oil

After change p! After change p! After change p! p? p3
TC'
Crude 157.18+3.82 6.60+4.25 0.129 | 159.57+5.06 4.33+4.33 0.323 | 157.02+4.48 | 0.63£3.97 0.873 | 0.827 | 0.500
Adjusted | 158.76+4.05 7.98+4 .57 0.117 | 159.38+5.26 4.90+4.7 0.439 | 158.38+4.69 | 2.35+4.06 0.622 | 0980 | 0.587
HDL
Crude 37.97+1.45 -0.94+1.34 0.554 | 38.66+1.34 2.98+1.17 0.015 | 38.19+1.11 1.05+1.24 0.403 | 0.898 | 0.107
Adjusted | 37.95:1.56 -0.77+1.43 0.685 | 37.79+1.33 2.11%1.20 0.050 | 38.26+1.18 1.73+1.23 0.083 | 0.927 | 0.359
LDL
Crude 78.48+2.37 2.44+2.36 0.308 | 80.75+2.87 2.12+2.60 0.420 | 79.68+2.60 | 0.106+2.13 | 0.961 | 0.645 | 0.677
Adjusted | 79.02+2.52 2.77£2.55 0.335 | 80.41+2.95 2.22+2.77 0544 | 80.22+2.65 | 0.95+2.23 0.649 | 0.811 | 0.819
TG
Crude 167.10+16.75 | 21.06+1450 | 0.154 | 153.89+12.48 | -5.60+11.36 | 0.625 | 147.02+8.83 | -7.14+10.62 | 0505 | 0.500 | 0.308
Adjusted | 174.65+18.01 | 26.14+16.11 | 0.105 | 160.33t13.32 | 1.23+1156 | 0.761 | 153.52+9.42 | -5.02t1164 | 0565 | 0532 | 0.334

el sais 5l MeantSE & )90 a5 polie oles

sk o MY/l Lo S Lo cales axlg”

(Repeated measures method s, LT ¢se51) (5, < pae 0,55 o slel o ol )5 puSils auglia P

«(linear mixed Method (s LT ;9031) 485, (& pae slooyge sless! 10 9 oy Jilgp polie uSile amlia P**
inear mixed method (s Ll cyg051) 185, (b ran 058 dw iy 055 (22 Jalgp Olpis polie (puSile duolie PF**

SN 0085 dled (€9, CBb 0 lawgio (i (b 5l e U5 50 aouS g Veili-asuS sl yeg; B e

—aS e, Lo e e g —sals Sloaums oLis VRGN PL-% SR 8l yo Ol o casdllae glal jo

Sloams GLid Ol psd aouS (185, B0 055 )0 Guizred Sl 055 (27 )56 Lz 2 2 Vel
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U5L9.u: Yyls—..\.?uSB Yyls u.\.?LS U‘CBJ g.,«.‘)l;)b 6Lm 0,99 O Lg..\_A.HJ J_alef u‘).a....:u u.aiLuc (P=’/’ ’?)

O-YJgua) wogs

D 0by 3 ey Bras slroyss 5 55 o klen 3 lulivl slas g pls g oud hows (ke -0-Y Jgox

Sesame oil Sesame-Canola oil Canola oil

After change P! After change p! After change p! p? p3
TC'
Crude 167.03+4.44 | -3.01£3.74 | 0426 | 167.23+5003 | -3.96x4.37 | 0370 | 169.03+458 | 1.53+3.55 | 0.668 | 0.842 | 0.504
Adjusted | 168.19+4.51 | -3.02£3.87 | 0.387 | 166.48+5.10 | -5.27+4.34 | 0206 | 169.74+4.67 | 1.26:3.64 | 0.850 | 0.743 | 0.456
HDL
Crude 4379+159~ | 1.78x124 | 0.270 | 40.45+1.68° -0.64+0.93 | 0.496 | 41.83+1.64 1.29+1.12 | 0.262 | 0.005 | 0.147
Adjusted | 4354x1.63% | 1.48+1.25 [ 0.443 | 40.19+1.71° -0.88+0.93 | 0.383 | 41.95+1.68 1.17+1.14 | 0305 | 0.006 | 0.123
LDL
Crude 84.95+290 | -1.85+2.23 | 0400 | 83.79+3.008 | -2.71+2.57 | 0.299 | 84.26+2.78 0.35+2.28 | 0.961 | 0.894 | 0.590
Adjusted | 85.824#2.93 | -1.90+2.30 | 0.352 | 83.403.07 -3.29+2.60 | 0.204 | 84.99+2.79 0.40+2.34 | 0981 | 0.600 | 0.510
TG
Crude 133124756 | -7.71#7.23 | 0.278 | 147.45+11.46 | -3.25%9.49 | 0.733 | 154.50+12.89 | 1.29+9.02 | 0.886 | 0.120 | 0.751
Adjusted | 132.60+7.78 | -6.93:7.45 [ 0.349 | 147.14+11.78 | -4.32+9.71 | 0.630 | 151.19+12.93 | -1.22¢9.01 | 0.869 | 0.172 | 0.889
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Sesame oil Sesame-Canola oil Canola oil

After change p! After change p! After change p! p? p3
Apo B’
Crude 88.21+2.15 -0.79£2.05 0.714 | 89.93+2.40 -2.46£2.77 0.378 90.17£2.35 -0.22+2.21 0.920 | 0.49 0.832
Adjusted 88.73+2.24 -0.64+2.17 0.771 89.52+2.47 -3.56+2.86 0.206 90.76+2.39 0.35+2.32 0.902 0.55 0.587
Apo A’
Crude 148.70+2.79 -1.89+2.19 0.393 148.19+2.63 -0.26+2.09 0.900 152.83+2.93 | 4.36+2.35 0.067 0.077 0.139
Adjusted 148.97+2.86 -1.01+1.98 0.628 147.55+2.688 -1.05+£2.09 0.574 153.58+3.034 5.22+2.37 0.04 0.029 0.078
Lipoprotein a*
Crude 24.3342.65 -0.15+1.30 0.856 23.87£2.65 1.61+1.01 0.116 23.40£2.39 -1.07+1.52 0.481 | 0.266 0.262
Adjusted 24.73+£2.75 -0.20£1.37 0.818 24.11+£2.75 1.14+0.96 0.244 23.72+2.48 -1.174£1.62 0.515 0.194 0.406
LDL: HDL
ratio
Crude 2.15+0.08 0.001£0.07 | 0.895 2.25+0.10 -0.274£0.21 0.202 2.33+0.19 -0.009+0.18 0.964 | 0.526 0.484
Adjusted 2.15+0.08 0.02+0.07 0.990 2.27+0.10 -0.26+0.22 0.246 2.36%0.20 0.02+0.19 0.901 0.480 0.491
TC: HDL
ratio
Crude 4.23+0.15 0.018+0.15 | 0.975 | 4.46+0.19 -0.57+0.47 0.235 4.63+0.38 -0.015+0.40 0.976 | 0.447 0.514
Adjusted 4.24+0.16 0.07+0.16 0.894 | 4.51+0.20 -0.55+0.50 0.281 4.70£0.40 0.05+0.42 0.897 | 0.396 0.524
Apo B: Apo
A ratio
Crude 0.61+.01 0.004+.015 | 0.752 | 0.6+0.01 -0.02+0.019 0.234 0.60£0.01 -0.019+0.014 | 0.173 | 0.524 0.415
Adjusted 0.61+.01 0.003+0.01 | 0.851 | 0.62+0.01 -0.02+0.02 0.189 0.60+0.01 -0.01+£0.01 0.215 | 0.569 0.463
TG:HDL
ratio
Crude 4.091£0.34 -0.02+0.35 0.949 | 4.45+0.39 -1.33+£1.20 0.268 4.81+0.79 -0.11+0.91 0.907 | 0.616 0.557
Adjusted 4.14+0.35 0.04+0.37 0.816 | 4.59+0.41 -1.29+1.27 0.314 4.98+0.84 0.03+0.96 0.949 | 0.530 0.575
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After change p! After change p! After change p! p? p3
Apo B'
Crude 87.10+2.37 3.07+3.17 0.339 | 87.90+3.12 -3.9445.11 0.445 | 87.33+3.02 -1.44%3.46 0.678 | 0.956 | 0.459
Adjusted 88.46+2.46 3.74+3.54 0.199 88.24+3.25 -5.69+5.60 0.252 88.67+2.98 -0.40£3.84 0.959 0.991 0.397
Apo A"
Crude 141.90+£2.71 -3.24+3.04 0.293 144.674£3.13 4.009+2.89 0.174 146.95+3.57 | 3.06+3.73 0.417 0.160 0.229
Adjusted 141.80+2.78 -1.294£2.42 0.804 143.40+£3.11 3.98+3.01 0.219 148.29+3.84 | 5.12+3.89 0.237 0.089 0.321
Lipoprotein a’
Crude 23.62+4.24 1.22+1.37 0.348 | 23.65+4.41 2.10+1.67 0.228 | 23.26+3.63 -0.80+1.84 0.684 | 0.947 | 0.429
Adjusted 25.63+4.41 1.93+1.50 0.237 | 25.34+4.60 1.44+1.54 0.438 | 24.79+3.75 -0.62+2.09 0.628 | 0.736 | 0.607
LDL: HDL
ratio
Crude 2.23+0.11 0.104+0.12 | 0.530 2.20+0.11 -0.64+0.42 0.136 2.1740.10 -0.174£0.16 0.276 0.879 0.214
Adjusted 2.24+0.12 0.18+0.14 0.451 2.24+0.12 -0.69+0.46 0.128 2.1740.10 -0.1840.18 0.191 0.805 0.208
TC: HDL
ratio
Crude 4.42+0.24 0.21+0.26 0.512 | 4.37+0.23 -1.38+0.94 0.149 | 4.27+0.18 -0.3620.35 0.314 | 0.830 | 0.228
Adjusted 4.47+0.27 0.36+0.29 0.441 | 4.47+0.25 -1.50+1.03 0.140 | 4.30+0.19 -0.37+0.39 0.207 | 0.756 | 0.223
Apo B: Apo
A ratio
Crude 0.62+0.02 0.03+0.02 0.142 | 0.61+0.02 -0.05+0.03 0.164 | 0.60+0.02 -0.01+0.02 0.405 | 0.670 | 0.121
Adjusted 0.63+0.02 0.03+0.02 0.131 0.62+0.02 -0.06+0.04 0.124 0.60+0.02 -0.01+£0.02 0.503 0.519 0.149
TG:HDL
ratio
Crude 4.77+0.62 0.25+0.63 0.630 | 4.52+0.56 -3.36+2.36 0.162 | 4.14+0.33 -0.95+0.82 0.252 | 0.543 | 0.246
Adjusted 4.93+0.69 0.25+0.69 0.546 4.83+0.61 -3.71+£2.62 0.150 4.32+0.36 -0.92+0.92 0.198 0.579 0.269
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After change p! After change p! After change p! p? p3
Apo B’
Crude 90.26+3.46 -4.59+2.66 0.092 92.27£3.63 -1.09+2.89 0.709 93.42+3.53 0.81+2.76 0.770 | 0.485 0.364
Adjusted 91.20£3.52 -4.60£2.75 0.064 | 91.57+3.68 -2.22+2.80 0.433 94.06+3.59 0.82+2.84 0.911 | 0.520 0.371
Apo A’
Crude 155.20+4.29 | -057+3.10 | 0.893 | 151.93+4.19 | -4.49+3.06 0.149 | 15858+4.39 | 5.08+3.09 0.108 | 0.128 | 0.069
Adjusted 154.83+4.40 | -0.99+3.19 | 0.771 | 151.31+4.27 | -5.78+2.93% | 0.043 | 158.42+4.51 | 4.60+3.15" 0.181 | 0.107 | 0.044
Lipoprotein a*
Crude 25.32+3.14 -2.31+2.26 0.406 24.30£2.95 1.35+1.14 0.243 23.63£3.02 -1.48+2.49 0.561 | 0.054 0.381
Adjusted 25.24+3.22 -3.21+2.26 0.275 24.28+3.04 1.31+1.17 0.265 23.66+3.10 -1.70+2.55 0.517 | 0.084 0.275
LDL: HDL
ratio
Crude 2.08+0.12 -0.13+£0.08 0.097 2.30+0.16 -0.03+0.10 0.716 2.51+0.36 0.15+0.33 0.623 0.197 0.729
Adjusted 2.11+0.12 -0.12+0.08 0.152 2.31+0.17 -0.05+0.10 0.591 2.53+0.37 0.16+0.34 0.621 0.284 0.758
TC: HDL
ratio
Crude 4.06+0.20 -0.26+0.15 0.086 | 4.58+0.31 -0.05+0.22 0.826 5.01+0.73 0.30+0.706 0.639 | 0.085 0.729
Adjusted 4.10+0.20 -0.24+0.15 0.140 4.59+0.32 -0.08+0.23 0.669 5.02+0.75 0.32+0.72 0.641 0.126 0.780
Apo B: Apo
A ratio
Crude 0.60+0.02 -0.024+.01 0.179 0.62+0.02 0.006+0.01 0.722 0.60+0.02 -0.02+0.01 0.314 0.389 0.337
Adjusted 0.61+0.02 -0.02+0.01 0.159 0.62+0.02 0.004+0.01 0.770 0.61+0.02 -0.01+£0.02 0.352 0.696 0.438
TG:HDL
ratio
Crude 3.39+0.31 -0.53+0.32 0.139 | 4.42+0.56 -0.07+£0.55 0.898 5.55+1.52 0.70£1.61 0.673 | 0.067 0.761
Adjusted 3.39+0.32 -0.50+0.33 0.202 | 4.43+0.57 -0.12+0.56 0.766 5.47+1.56 0.66+1.65 0.684 | 0.067 0.814
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Sesame oil Sesame-Canola oil Canola ail

After change p? After change p! After change p! p? p3
Whole
population
SBP’
Crude 10.55+0.14 0.12+0.127 | 0.334 10.45+0.13 -0.08+0.12 0.511 10.64+0.15 -0.02+0.11 0.846 0.296 | 0.518
Adjusted 10.50+0.14 0.12+0.13 0.364 10.42+0.14 -0.06+0.12 0.618 10.61+0.15 0.01£0.12 0.910 0.326 | 0.606
DBP
Crude 7.82+0.11 0.25+0.11 0.028 7.66+0.09 0.07£0.12 0.525 7.81+0.11 0.16+0.11 0.141 0.290 | 0.573
Adjusted 7.81+0.12 0.27+0.12 0.021 7.66+0.09 0.05+0.12 0.728 7.82+0.12 0.19+0.11 0.067 0.340 0.485
Men
SBP
Crude 10.92+0.19 0.27+0.20 0.182 10.62+0.234 -0.234£0.19 0.234 11.03+0.218 0.14+0.19 0.465 0.045 | 0.159
Adjusted 10.89+0.21 0.28+0.22 0.205 10.61+0.254 -0.231£0.20 0.316 11.06+0.238 0.23+0.20 0.354 | 0.042 | 0.135
DBP
Crude 8.20+0.164 0.45+0.16° 0.007 7.76+0.145 -0.26+0.15° 0.099 8.23+0.16" 0.43+0.16° 0.014 | 0.004 | 0.008
Adjusted 8.27+0.174 0.52+0.172 0.003 7.75+0.158 -0.37+0.16° 0.034 8.30£0.174 0.49+0.17° 0.018 0.002 | 0.001
Women
SBP
Crude 10.21+0.20 -0.03+0.16 0.885 10.30£0.16 0.06+0.15 0.697 10.30£0.20 -0.16+0.14 0.256 0.855 | 0.577
Adjusted 10.17+0.20 -0.03+0.16 0.835 10.26+0.16 0.06+0.16 0.711 10.27+0.20 -0.15+0.14 0.276 0.861 0.635
DBP
Crude 7.45+0.15 0.07+0.17 0.645 7.54+0.11 0.37+0.17 0.039 7.42+0.15 -0.114£0.13 0.409 0.724 0.164
Adjusted 7.42+0.16 0.06+0.17 0.766 7.54+0.12 0.37+0.18 0.044 7.41+0.16 -0.08+0.14 0.637 0.675 | 0.212
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Abstract

Background: Several strategies have been defined in order to manage diabetes, as one
of the most prevalent chronic diseases in the world, 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, which most
of their health benefits have been assessed. Nowadays, sesame oil is defined as a healthy
oil in Iran. On the other hand, canola oil is proposed to have favorable effects on the
human. Thus, in the present study, we aimed to assess the effect of sesame, canola, and
sesame-canola oil (a blend of canola and sesame oils) on the lipid profile in the patients

with type 2 diabetes .

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, lipid
profile were analyzed. Generalized linear model repeated measures was used in order to
compare pre and post-intervention level of each marker. Adjusted mean and standard
errors based on 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: The present randomized clinical trial was registered in the Iranian registry of
clinical trials (IRCT) (registration code: IRCT2016091312571N6). Among 102
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participants, 95 individuals completed the study. Carryover effect was not reported for
any variable (P>0.05).

Based on adjusted analysis, neither between nor within duration analyses showed a
significant change in the lipid profile in the whole participants (P>0.05). While, it was
seen that the blended oil decreased HDL level considerably in the men (P=0.05), and also,
the post-intervention analyses of HDL revealed a significant difference between
consumed oils (p=0.006) without any substantial difference between mean change in the
females with diabetes. Additionally, consuming canola oil caused a significant increase
in Apo A concentration in the whole population (P=0.04), and a considerable decrease
was observed in the females consuming the blended oil (P=0.044). Moreover, sesame-
canola oil led to a substantial decline in diastolic blood pressure (DBP) in the males
(P=0.034), although other oils separately caused a significant increase in DBP (P<0.05).
On the other hand, blended oil increase DBP considerably in the females with diabetes.
Conclusion: According to the results of the current study, it was observed that sesame-
canola oil may have more favorable effects on HDL, DBP, and Apo A in the individuals,
while there were no differences between sesame, canola, and sesame-canola on the other
lipid profile markers and blood pressure in the whole population, indicating the similar
benefits of the mentioned oil. In order to confirm the present results, studies with longer

intervention duration are needed.

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