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The effect of Sesame, Canola, and Sesame-Canola oil on the cardiometabolic markers in

adults: A triple blind, three-way randomized cross-over clinical trial.

Summary

Background and objectives: Cardiometabolic factors are a set of risk factors for cardiovascular disease,
diabetes, and stroke that can lead to disability and death worldwide. Cardiovascular disease is one of the
leading causes of death in the world; diabetes has also been identified as an important risk factor for
cardiovascular disease. Moreover, because of urbanization, industrialization and increased consumption
of fatty foods, the average cholesterol level is increasing. Therefore, lifestyle changes involving exercise
and diet modification can be effective. Nowadays sesame oil is considered as healthy oil in Iranian
society. But a comparison of these two types of oils on the same population has not been done so far.
Therefore, this study aimed to investigate the effects of sesame, canola and sesame-canola oils (a new

product of sesame oil and canola oils) on cardiometabolic parameters in adults.

Materials and methods: The current study is a randomized triple-blind three-way cross-over clinical
trial. In this trial, participants randomly entered to one of the oil consuming duration. Each intervention
period lasted for 9 weeks with a 4-week interval time as washout period. 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
and fasting blood sugar 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 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

a1



model.

Results: Of the 101 participants, 73 adults were evaluated. The results showed that all three types of oils
significantly reduced waist circumference. The results showed that after adjusting for confounding
variables, levels of lipid profile at the end of the intervention periods and their changes were not
significant in the whole population (P > 0.05). The results showed that sesame oil significantly increased
total cholesterol (TC) levels, low-density lipoprotein cholesterol (LDL-C), apolipoprotein B, and
lipoprotein a in men (P < 0.05). Also, the consumption of sesame oil significantly increased high density
lipoprotein cholesterol (HDL-C) and decreased TG levels in women (P < 0.05). The results of this study
showed that sesame oil and canola oil significantly reduce insulin levels (P < 0.05). However, in the

period of canola oil consumption, fasting blood sugar levels increased significantly (P < 0.05).

Conclusion: The results of this study showed that sesame oil intake may have better minimal effects than
sesame-canola and canola oil on modulating TG and HDL-C levels in women. While among the
intervention oils, canola and sesame-canola oils may have more favorable effects on lipid profile levels in

men. Longer term studies are recommended to confirm the results of the present study

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

(IRCT) (registration code: IRCT2016091312571N6).

Keywords: Sesame Qil, Canola Oil, Anthropometric measurements, Clinical Trial, Adult.

0



&lo Cuw 8

£5



ACKMAN, R. 1990. Canola fatty acids—an ideal mixture for health, nutrition, and food use. Canola and
rapeseed. Springer.

ADA 2010. Diagnosis and classification of diabetes mellitus. Diabetes care, 33, S62-S69.

AINSWORTH, B. E., HASKELL, W. L., WHITT, M. C ,.IRWIN, M. L., SWARTZ, A. M., STRATH, S.
J., O BRIEN, W. L., BASSETT, D. R., SCHMITZ, K. H. & EMPLAINCOURT, P. O. 2000.
Compendium of physical activities: an update of activity codes and MET intensities. Medicine
and science in sports and exercise, 32 ,S498-S504.

AMES, B. N. & GOLD, L. S. 1998. The causes and prevention of cancer: the role of environment.
Biotherapy, 11, 205-220.

AMIRI, M., GHANEIAN, M. T., ZARE-SAKHVIDI, M. J., RAHMANIAN, M., NADJARZADEH, A.,
MOGHTADERI, F., RAEISI-DEHKORDI, H., ZIMOROVAT, A., JAFARI, F. & REZA, J. Z.
2019. The effect of canola oil compared with sesame and sesame-canola oil on cardio-metabolic
biomarkers in patients with type 2 diabetes: Design and research protocol of a randomized, triple-
blind, three-way, crossover clinical trial. ARYA Atherosclerosis, 15.

ASHAKUMARY, L., ROUYER, |, TAKAHASHI, Y., IDE, T., FUKUDA, N., AOYAMA, T.,
HASHIMOTO, T., MIZUGAKI, M. & SUGANO, M. 1999. Sesamin, a sesame lignan, is a potent
inducer of hepatic fatty acid oxidation in the rat. Metabolism, 48, 1303-1313.

ATEFI, M., PISHDAD, G. R. & FAGHIH, S. 2018. Canola oil and olive oil impact on lipid profile and
blood pressure in women with type 2 diabetes: a randomized, controlled trial. Progress in
Nutrition, 20, 102-109.

BANACH, M. 2015 .Combination Therapy In Dyslipidemia, Springer.

BHASKARAN, S., SANTANAM, N., PENUMETCHA, M. & PARTHASARATHY, S. 2006. Inhibition
of atherosclerosis in low-density lipoprotein receptor-negative mice by sesame oil. Journal of
medicinal food, 9, 487-490.

BIRBEN, E., SAHINER, U. M., SACKESEN, C., ERZURUM, S. & KALAYCI, O. 2012. Oxidative
stress and antioxidant defense. World Allergy Organization Journal, 5, 9.

BOWEN, K. J., KRIS-ETHERTON, P. M., WEST, S. G., FLEMING, J. A., CONNELLY, P. W.,
LAMARCHE, B., COUTURE, P., JENKINS, D. J,, TAYLOR, C. G. & ZAHRADKA, P. 2019.
Diets Enriched with Conventional or High-Oleic Acid Canola Oils Lower Atherogenic Lipids and
Lipoproteins Compared to a Diet with a Western Fatty Acid Profile in Adults with Central
Adiposity. The Journal of nutrition, 149, 471-478.

BROWNING, L., KREBS, J., MOORE, C., MISHRA, G., O'CONNELL, M. & JEBB, S. 2007. The
impact of long chain n-3 polyunsaturated fatty acid supplementation on inflammation, insulin
sensitivity and CVD risk in a group of overweight women with an inflammatory phenotype.
Diabetes, Obesity and Metabolism, 9, 70-80.

BUNDY, J. D. & HE, J. 2016. Hypertension and related cardiovascular disease burden in China. Annals
of global health, 82, 227-233.

CALDER, P. C. 2001. Polyunsaturated fatty acids, inflammation, and immunity. Lipids, 36, 1007-1024.

CAPEWELL, S., ALLENDER, S., CRITCHLEY, J.,, LLOYD-WILLIAMS, F., OFLAHERTY, M.,
RAYNER, M. & SCARBOROUGH, P. 2009. Modelling the UK burden of cardiovascular
disease to 2020.

CATAPANO, A. L ,.FARNIER, M., FOODY, J. M., TOTH, P. P., TOMASSINI, J. E., BRUDI, P. &
TERSHAKOVEC, A. M. 2014. Combination therapy in dyslipidemia: where are we now?
Atherosclerosis, 237, 319-335.

Y



CHAN, E., HE, Y., CHUI, C., WONG, A., LAU, W. & WONG, |. 2013. Efficacy and safety of lorcaserin
in obese adults: a meta-analysis of 1-year randomized controlled trials (RCTs) and narrative
review on short-term RCTSs. obesity reviews, 14, 383-392.

CHANDALIA, M. & DEEDWANIA, P. C. 2001. Coronary heart disease and risk factors in Asian
Indians. Diabetes and Cardiovascular Disease. Springer.

CHEHADE, J. M., GLADYSZ, M. & MOORADIAN, A. D. 2013. Dyslipidemia in type 2 diabetes:
prevalence, pathophysiology, and management. Drugs, 73, 327-339.

CHOW, S.-C., WANG, H. & SHAOQ, J. 2007. Sample size calculations in clinical research, CRC press.

DEFILIPPIS, A. P. & SPERLING, L. S. 2006. Understanding omega-3's. American heart journal, 151,
564-570.

DEVARAJAN, S., CHATTERJEE, B., URATA, H., ZHANG, B., ALI, A, SINGH, R. &
GANAPATHY, S. 2016a .A blend of sesame and rice bran oils lowers hyperglycemia and
improves the lipids. The American journal of medicine, 129, 731-739.

DEVARAJAN, S., SINGH, R., CHATTERJEE, B., ZHANG, B. & ALI, A. 2016b. A blend of sesame oil
and rice bran oil lowers blood pressure and improves the lipid profile in mild-to-moderate
hypertensive patients. Journal of clinical lipidology, 10, 339-349.

DEVI, P., RAO, M., SIGAMANI, A., FARUQUI, A., JOSE, M., GUPTA, R., KERKAR, P., JAIN, R.,
JOSHI, R. & CHIDAMBARAM, N. 2013. Prevalence, risk factors and awareness of hypertension
in India: a systematic review. Journal of human hypertension, 27, 281.

DUPONT, J., WHITE, P., JOHNSTON, K., HEGGTVEIT, H., MCDONALD, B., GRUNDY, S. M. &
BONANOME, A. 1989. Food safety and health effects of canola oil. Journal of the American
College of Nutrition, 8, 360-375.

ECKEL, R. H., JAKICIC, J. M., ARD, J. D., DE JESUS, J. M., MILLER, N. H., HUBBARD, V. S.,
LEE, I.-M., LICHTENSTEIN, A. H., LORIA, C. M. & MILLEN, B. E. 2014. 2013 AHA/ACC
guideline on lifestyle management to reduce cardiovascular risk: a report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines. Journal of
the American College of Cardiology, 63, 2960-2984.

ERKKIL4, A., DE MELLO, V. D., RISERUS, U. & LAAKSONEN, D. E. 2008. Dietary fatty acids and
cardiovascular disease: an epidemiological approach. Progress in lipid research, 47, 172-187.

ESTEGHAMATI, A., LARIUANI, B., AGHAJANI, M. H., GHAEMI, F., KERMANCHI, J.,
SHAHRAMI, A., SAADAT, M., ESFAHANI, E. N., GANJI, M., NOSHAD, S., KHAJEH, E.,
GHAJAR, A., HEIDARI, B., AFARIDEH, M., MECHANICK, J. I. & ISMAIL-BEIGI, F. 2017.
Diabetes in Iran: Prospective Analysis from First Nationwide Diabetes Report of National
Program for Prevention and Control of Diabetes (NPPCD-2016). Sci Rep, 7, 13461.

FESKENS, E. 1999. Dietary fat and the etiology of type 2 diabetes: an epidemiological perspective.
Nutrition, metabolism, and cardiovascular diseases: NMCD, 9, 87-95.

FONG, D. S., AIELLO, L., GARDNER, T. W., KING, G. L., BLANKENSHIP, G., CAVALLERANO, J.
D., FERRIS, F. L. & KLEIN, R. 2004. Retinopathy in diabetes. Diabetes care, 27, s84-s87.

FOROUHI, N. G., IMAMURA, F., SHARP, S. J.,, KOULMAN, A., SCHULZE, M. B., ZHENG, J., YE,
Z.,SLUNIJS, I, GUEVARA, M. & HUERTA, J. M. 2016. Association of plasma phospholipid n-3
and n-6 polyunsaturated fatty acids with type 2 diabetes: the EPIC-InterAct Case-Cohort Study.
PLoS medicine, 13, €1002094.

GARAULET, M., PEREZ-LLAMAS, F., PEREZ-AYALA, M., MARTINEZ, P., DE MEDINA, F .S.,
TEBAR, F. J. & ZAMORA, S. 2001. Site-specific differences in the fatty acid composition of
abdominal adipose tissue in an obese population from a Mediterranean area: relation with dietary
fatty acids, plasma lipid profile, serum insulin, and central obesity. The American journal of
clinical nutrition, 74, 585-591.

ZA



GAZIANO, M. J. 2005. Global burden of cardiovascular disease. Braunwald's Heart Disease.

GEBAUER, S. K., PSOTA, T. L., HARRIS, W. S. & KRIS-ETHERTON, P. M. 2006. n— 3 fatty acid
dietary recommendations and food sources to achieve essentiality and cardiovascular benefits.
The American journal of clinical nutrition, 83, 1526S-1535S.

GHAFARPOUR, M., HOUSHIAR-RAD, A. & KIANFAR, H. 1999. The manual for household
measures, cooking yields factors and edible portion of food. Tehran: Keshavarzi Press.

GIL, A. 2002. Polyunsaturated fatty acids and inflammatory diseases. Biomedicine & pharmacotherapy,
56, 388-396.

GILLINGHAM, L. G., HARRIS-JANZ, S. & JONES, P. J. 2011. Dietary monounsaturated fatty acids are
protective against metabolic syndrome and cardiovascular disease risk factors. Lipids, 46, 209-
228.

GRIENDLING, K. K., SORESCU, D. & USHIO-FUKAI, M. 2000. NAD (P) H oxidase: role in
cardiovascular biology and disease. Circulation research, 86, 494.0 + ) -

GRUNDY, S. M., BREWER JR, H. B., CLEEMAN, J. I, SMITH JR, S. C. & LENFANT, C. 2004.
Definition of metabolic syndrome: report of the National Heart, Lung, and Blood
Institute/American Heart Association conference on scientific issues related to definition.
Circulation, 109, 433-438.

HAFFNER, S. M., MIETTINEN, H., GASKILL, S. P. & STERN, M. P. 1996. Metabolic precursors of
hypertension: the San Antonio heart study. Archives of internal medicine, 156, 1994-2001.
HATMI, Z., TAHVILDARI, S., MOTLAG, A. G & .KASHANI, A. S. 2007. Prevalence of coronary
artery disease risk factors in Iran: a population based survey. BMC cardiovascular disorders, 7,

32.

HE, K., SONG, Y., DAVIGLUS, M. L., LIU, K., VAN HORN, L., DYER, A. R. & GREENLAND, P.
2004. Accumulated evidence on fish consumption and coronary heart disease mortality: a meta-
analysis of cohort studies. Circulation, 109, 2705-2711.

HILL, J. O., WYATT, H. R. & PETERS, J. C. 2012. Energy balance and obesity. Circulation, 126, 126-
132.

HOSEINI, M., AMIRKHANI ,M., RAFIEI, S. M., ARDALAN, G., AKBARI, S., POURSAFA, P. &
KELISHADI, R. 2011. Using LMS Method in Smoothing Reference Centile Curves for Lipid
Profile of Iranian Children and Adolescents: A CASPIAN Study.

HU, F. B.,, STAMPFER, M. J., MANSON, J. E., RIMM .,E., COLDITZ, G. A., ROSNER, B. A,
HENNEKENS, C. H. & WILLETT, W. C. 1997. Dietary fat intake and the risk of coronary heart
disease in women. New England journal of medicine, 337, 1491-1499.

HUNT, S. C., STEPHENSON, S. H., HOPKINS, P. N. & WILLIAMS, R .R. 1991. Predictors of an
increased risk of future hypertension in Utah. A screening analysis. Hypertension, 17, 969-976.

HUNTER, J. E., ZHANG, J. & KRIS-ETHERTON, P. M. 2009. Cardiovascular disease risk of dietary
stearic acid compared with trans, other saturated, and unsaturated fatty acids: a systematic review.
The American journal of clinical nutrition, 91, 46-63.

HURST, C. & THINKHAMROP, B. 2015. The association between hypertension comorbidity and
microvascular complications in type 2 diabetes patients: a nationwide cross-sectional study in
Thailand. Diabetes & metabolism journal, 39, 395-404.

JENKINS, D. J.,, KENDALL, C. W., VUKSAN, V., FAULKNER, D., AUGUSTIN, L. S., MITCHELL,
S., IRELAND, C., SRICHAIKUL, K., MIRRAHIMI, A. & CHIAVAROLI, L. 2014. Effect of
lowering the glycemic load with canola oil on glycemic control and cardiovascular risk factors: a
randomized controlled trial. Diabetes Care, 37, 1806-1814.

JOHNSON, G. H., KEAST, D. R. & KRIS-ETHERTON, P. M. 2007. Dietary modeling shows that the
substitution of canola oil for fats commonly used in the United States would increase compliance

£



with dietary recommendations for fatty acids. Journal of the American Dietetic Association, 107,
1726-1734.

JONES, P. J., MACKAY, D. S., SENANAYAKE, V. K., PU ,S., JENKINS, D. J.,, CONNELLY, P. W.,
LAMARCHE, B., COUTURE, P., KRIS-ETHERTON, P. M. & WEST, S. G. 2015. High-oleic
canola oil consumption enriches LDL particle cholesteryl oleate content and reduces LDL
proteoglycan binding in humans. Atherosclerosis, 2.YY)-YYA YA

KANG, M.-H., KAWAI, Y., NAITO, M. & OSAWA, T. 1999. Dietary defatted sesame flour decreases
susceptibility to oxidative stress in hypercholesterolemic rabbits. The Journal of nutrition, 129,
1885-1890.

KATSUZAKI, H., KAWAKISHI, S. & OSAWA, T .Y44¥ Sesaminol glucosides in sesame seeds.
Phytochemistry, 35, 773-776.

KAVEY, R.-E. W., DANIELS, S. R., LAUER, R. M., ATKINS, D. L., HAYMAN, L. L. & TAUBERT,
K. 2003. American Heart Association guidelines for primary prevention of atherosclerotic
cardiovascular disease beginning in childhood. Circulation, 107, 1562-1566.

KELISHADI, R., HASHEMIPOUR, M., SHEIKH-HEIDAR, A. & GHATREH-SAMANI, S. 2012.
Changes in serum lipid profile of obese or overweight children and adolescents following a
lifestyle modification course. ARYA atherosclerosis, 8, 143.

KHALESI, S., PAUKSTE, E., NIKBAKHT, E. & KHOSRAVI-BOROUJENI, H. 2016. Sesame fractions
and lipid profiles: a systematic review and meta-analysis of controlled trials. British Journal of
Nutrition, 115, 764-773.

KHOSRAVI-BOROUJENI, H., NIKBAKHT, E., NATANELOV, E. & KHALESI, S. 2017. Can sesame
consumption improve blood pressure? A systematic review and meta-analysis of controlled trials.
Journal of the Science of Food and Agriculture, 97, 3087-3094.

KREBS, J., BROWNING, L., MCLEAN, N., ROTHWELL, J., MISHRA, G., MOORE, C. & JEBB, S.
2006. Additive benefits of long-chain n-3 polyunsaturated fatty acids and weight-loss in the
management of cardiovascular disease risk in overweight hyperinsulinaemic women.
International journal of obesity, 30, 1535.

KRIS-ETHERTON, P. M. 1999a. AHA science advisory: monounsaturated fatty acids and risk of
cardiovascular disease. Journal of Nutrition, 129, 2280-2284.

KRIS-ETHERTON, P. M. 1999b. Monounsaturated fatty acids and risk of cardiovascular disease.
Circulation, 100, 1253-1258.

KRITCHEVSKY, D. 1998. History of recommendations to the public about dietary fat. The Journal of
nutrition, 128, 449S-452S.

KRUSE, M., VON LOEFFELHOLZ, C., HOFFMANN, D., POHLMANN, A., SELTMANN, A. C,,
OSTERHOFF, M., HORNEMANN, S., PIVOVAROVA, O., ROHN, S. & JAHREIS, G. 2015.
Dietary rapeseed/canola-oil supplementation reduces serum lipids and liver enzymes and alters
postprandial inflammatory responses in adipose tissue compared to olive-oil supplementation in
obese men. Molecular nutrition & food research, 59, 507-519.

KWITEROVICH JR, P. O. 2008. Recognition and management of dyslipidemia in children and
adolescents. The Journal of Clinical Endocrinology & Metabolism, 93, 4200-4209.

LEE, M. H., KIM, H .C., AHN, S. V., HUR, N. W., CHOI, D. P, PARK, C. G. & SUH, I. 2012.
Prevalence of Dyslipidemia among Korean Adults: Korea National Health and Nutrition Survey
1998-2005. Diabetes Metab J, 36, 43-55.

LEITER, L. A, FITCHETT, D. H., GILBERT, R. E., GUPTA ,M., MANCINI, G. J., MCFARLANE, P.
A., ROSS, R., TEOH, H., VERMA, S. & ANAND, S. 2011. Cardiometabolic risk in Canada: a
detailed analysis and position paper by the cardiometabolic risk working group. Canadian
Journal of Cardiology, 27, e1-e33.



LEMCKE-NOROJARVI, M., KAMAL-ELDIN, A., APPELQVIST, L.-A. K., DIMBERG, L. H,
OHRVALL, M. & VESSBY, B. 2001. Corn and sesame oils increase serum y-tocopherol
concentrations in healthy Swedish women. The Journal of nutrition, 131, 1195-1201.

LI, S., CHEN, W., SRINIVASAN, S. R., BOND, M. G., TANG, R., URBINA, E. M. & BERENSON, G.
S. 2003. Childhood cardiovascular risk factors and carotid vascular changes in adulthood: the
Bogalusa Heart Study. Jama, 290, 2271-2276.

LICHTENSTEIN, A. H., APPEL, L. J., BRANDS, M., CARNETHON, M., DANIELS, S., FRANCH, H.
A., FRANKLIN, B., KRIS-ETHERTON, P., HARRIS, W. S. & HOWARD, B. 2006. Diet and
lifestyle recommendations revision 2006: a scientific statement from the American Heart
Association Nutrition Committee. Circulation, 114, 82.47-

LIN, L., ALLEMEKINDERS, H., DANSBY, A., CAMPBELL, L., DURANCE-TOD, S., BERGER, A.
& JONES, P. J. 2013. Evidence of health benefits of canola oil. Nutrition reviews, 71, 370-385.

LIU, S., MANSON, J. E., LEE, I.-M., COLE, S. R., HENNEKENS, C. H., WILLETT, W. C. &
BURING, J. E. 2000. Fruit and vegetable intake and risk of cardiovascular disease: the Women's

Health Study. The American journal of clinical nutrition, 72, 922-928.

LIU, X., KRIS-ETHERTON, P. M., WEST, S. G., LAMARCHE, B., JENKINS, D. J., FLEMING, J. A,,
MCCREA, C. E,, PU, S.,, COUTURE, P. & CONNELLY, P. W. 2016. Effects of canola and
high-oleic-acid canola oils on abdominal fat mass in individuals with central obesity. Obesity, 24,
2261-2268.

LOBO, V., PATIL, A., PHATAK, A. & CHANDRA, N. 2010 .Free radicals, antioxidants and functional
foods: Impact on human health. Pharmacognosy reviews, 4, 118.

MAG, T. 1983. Canola oil processing in Canada. Journal of the American Oil Chemists' Society, 60, 380-
384.

MAGKOS, F., WANG, X. & MITTENDORFER, B. 2 .*) *Metabolic actions of insulin in men and
women. Nutrition, 26, 686-693.

MARASCHIN JDE, F. 2012. Classification of diabetes. Adv Exp Med Biol, 771, 12-9.

MATON, A. 1997. Human biology and health, Prentice Hall.

MCFARLANE, P., GILBERT, R. E., MACCALLUM ,L. & SENIOR, P. 2013. Chronic kidney disease in
diabetes. Canadian journal of diabetes, 37, S129-S136.

MCMANUS, K., ANTINORO, L. & SACKS, F. 2001. A randomized controlled trial of a moderate-fat,
low-energy diet compared with a low fat, low-energy diet for weight loss in overweight adults.
International journal of obesity, 25, 1503.

MEDICINE, I. O. 2005. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids,
Cholesterol, Protein, and Amino Acids, Washington, DC, The National Academies Press.
MICALLEF, M., MUNRO, I., PHANG, M. & GARG, M. 2009. Plasma n-3 polyunsaturated fatty acids

are negatively associated with obesity. British journal of nutrition, 102, 1370-1374.

MITRA, A. 2007. Study on the benefits of sesame oil over Coconut oil in patients of insulin resistance

syndrome, notably Type 2 Diabetes and dyslipidaemia. Journal of Human Ecology, 22, 61-66.

MIYAWAKI, T., AONO, H., TOYODA-ONO, Y., MAEDA, H., KISO, Y. & MORIYAMA, K. 2009.
Antihypertensive effects of sesamin in humans. Journal of nutritional science and vitaminology,

55, 87-91.

MOHAN, I. K. & DAS, U. 1997. Oxidant stress, anti-oxidants and essential fatty acids in systemic lupus
erythematosus. Prostaglandins, leukotrienes and essential fatty acids, 56, 193-198.

MORRIS, M .C. 1994. Dietary fats and blood pressure. Journal of cardiovascular risk, 1, 21-30.

MOZAFFARIAN, D., ASCHERIO, A., HU, F. B., STAMPFER, M. J.,, WILLETT, W. C., SISCOVICK,
D. S. & RIMM, E. B. 2005. Interplay between different polyunsaturated fatty acids and risk of

coronary heart disease in men. Circulation, 111, 157-164.
Y



NAKAI, M., HARADA, M., NAKAHARA, K., AKIMOTO, K., SHIBATA, H., MIKI, W. & KISO, Y.
2003. Novel antioxidative metabolites in rat liver with ingested sesamin. Journal of Agricultural
and Food Chemistry, 51, 1666-1670.

NAKANO, D., KURUMAZUKA, D., NAGAI, Y., NISHIYAMA, A, KISO, Y. & MATSUMURA, Y.
2008. Dietary sesamin suppresses aortic NADPH oxidase in DOCA salt hypertensive rats.
Clinical and Experimental Pharmacology and Physiology, 35, 32.¥-YY 7

NAMAYANDEH, S. M., KASEB, F. & LESAN, S. 2013. Olive and sesame oil effect on lipid profile in
hypercholesterolemic patients, which better? International journal of preventive medicine, 4,
1059.

NAMIKI, M. 2007. Nutraceutical functions of sesame: a review. Critical reviews in food science and
nutrition, 47, 651-673.

NARASIMHULU, C. A., SELVARAJAN, K., LITVINOV, D. & PARTHASARATHY, S. 2015. Anti-
atherosclerotic and anti-inflammatory actions of sesame oil. Journal of medicinal food, 18, 11-20.

NIGAM ,P., BHATT, S., MISRA, A., CHADHA, D. S., VAIDYA, M., DASGUPTA, J. & PASHA, Q.
M. 2014a. Effect of a 6-month intervention with cooking oils containing a high concentration of
monounsaturated fatty acids (olive and canola oils) compared with control oil in male Asian
Indians with nonalcoholic fatty liver disease. Diabetes technology & therapeutics, 16, 255-261.

NIGAM, P., BHATT, S., MISRA, A., CHADHA, D. S., VAIDYA, M., DASGUPTA, J. & PASHA, Q.
M. A. 2014b. Effect of a 6-month intervention with cooking oils containing a high concentration
of monounsaturated fatty acids (olive and canola oils) compared with control oil in male asian
indians with nonalcoholic fatty liver disease. Diabetes Technology and Therapeutics, 16, 255-
261.

OLSHANSKY, S. J., PASSARO, D .J., HERSHOW, R. C., LAYDEN, J., CARNES, B. A., BRODY, J.,
HAYFLICK, L., BUTLER, R. N., ALLISON, D. B. & LUDWIG, D. S. 2005. A potential decline
in life expectancy in the United States in the 21st century. New England Journal of Medicine,
352, 1138-1145.

OPARIL, S., ZAMAN, M. A. & CALHOUN, D. A. 2003. Pathogenesis of hypertension. Annals of
internal medicine, 139, 761-776.

ORSAVOVA, J., MISURCOVA, L., AMBROZOVA, J., VICHA, R. & MLCEK, J. 2015. Fatty acids
composition of vegetable oils and its contribution to dietary energy intake and dependence of
cardiovascular mortality on dietary intake of fatty acids. International journal of molecular
sciences, 16, 12871-12890.

PAN, A., CHEN, M., CHOWDHURY, R., WU, J. H., SUN, Q., CAMPOS, H., MOZAFFARIAN, D. &
HU, F .B. 2012. a-Linolenic acid and risk of cardiovascular disease: a systematic review and
meta-analysis. The American journal of clinical nutrition, 96, 1262-1273.

PANIAGUA, J. A, DE LA SACRISTANA, A. G, ROMEROQ, I., VIDAL-PUIG, A., LATRE, J,
SANCHEZ, E ,.PEREZ-MARTINEZ, P., LOPEZ-MIRANDA, J. & PEREZ-JIMENEZ, F. 2007.
Monounsaturated fat-rich diet prevents central body fat distribution and decreases postprandial
adiponectin expression induced by a carbohydrate-rich diet in insulin-resistant subjects. Diabetes
care, 30, 1717-1723.

PATHAK, N., RAI, A., KUMARI, R. & BHAT, K. 2014. Value addition in sesame: A perspective on
bioactive components for enhancing utility and profitability. Pharmacognosy reviews, 8, 147.

PETRELLA, R. J., MERIKLE, E. & JONES, J. 200 .YPrevalence and treatment of dyslipidemia in
Canadian primary care: a retrospective cohort analysis. Clinical therapeutics, 29, 742-750.

PIERS, L., WALKER, K., STONEY, R., SOARES, M. & O'DEA, K. 2002. The influence of the type of
dietary fat on postprandial fat oxidation rates: monounsaturated (olive oil) vs saturated fat
(cream). International journal of obesity, 26, 814.

\Al



PRZYBYLSKI, R., MAG, T., ESKIN, N. & MCDONALD, B. 2005. Canola oil. Bailey's industrial oil
and fat products.

RACETTE, S. B., LIN, X ,.LEFEVRE, M., SPEARIE, C. A., MOST, M. M., MA, L. & OSTLUND JR,
R. E. 2009. Dose effects of dietary phytosterols on cholesterol metabolism: a controlled feeding
study. The American journal of clinical nutrition, 91, 32-38.

RAEISI-DEHKORDI, H., MOHAMMADI ,M., MOGHTADERI, F. & SALEHI-ABARGOUEI, A.
2018. Do sesame seed and its products affect body weight and composition? A systematic review
and meta-analysis of controlled clinical trials. Journal of functional foods, 49, 324-332.

RANI, V., DEEP, G,, SINGH ,R. K., PALLE, K. & YADAY, U. C. 2016. Oxidative stress and metabolic
disorders: pathogenesis and therapeutic strategies. Life sciences, 148, 183-193.

RAO, R. H., RAO, U. B. & SRIKANTIA, S. 1981. Effect of polyunsaturate-rich vegetable oils on blood
pressure in essential hypertension. Clinical and experimental hypertension, 3, 27-38.

REINER, Z. 2013. Statins in the primary prevention of cardiovascular disease. Nature Reviews
Cardiology, 10, 453.

RIZOS, E. C., NTZANI, E. E., BIKA, E., KOSTAPANOS, M. S. & ELISAF, M. S. 2012. Association
between omega-3 fatty acid supplementation and risk of major cardiovascular disease events: a
systematic review and meta-analysis. Jama, 308, 1024-1033.

ROBINSON, J. G. & STONE, N. J. 2006. Antiatherosclerotic and antithrombotic effects of omega-3 fatty
acids. The American journal of cardiology, 98, 39-49.

RODRIGO, R., PRAT, H., PASSALACQUA, W., ARAYA, J., GUICHARD, C. & B&CHLER, J. P.
2007. Relationship between oxidative stress and essential hypertension. Hypertension Research,
30, 1159.

ROGI, T., TOMIMORI, N., ONO, Y. & KISO, Y. 2011. The mechanism underlying the synergetic
hypocholesterolemic effect of sesamin and a-tocopherol in rats fed a high-cholesterol diet.
Journal of pharmacological sciences, 1103010526-1103010526.

ROSWALL, N., SANDIN, S., SCRAGG, R., L6F, M., SKEIE, G., OLSEN, A., ADAMI, H. O. &
WEIDERPASS, E. 2015. No association between adherence to the healthy Nordic food index and
cardiovascular disease amongst Swedish women: a cohort study. Journal of internal medicine,

278, 531-541.

SAADAT, S., YOUSEFIFARD, M., ASADY, H., JAFARI, A. M., FAYAZ, M. & HOSSEINI, M. 2015.
The most important causes of death in Iranian population; a Retrospective Cohort Study.
Emergency, 3, 16.

SAEDI, S., NOROOZI, M., KHOSROTABAR ,N., MAZANDARANI, S. & GHADRDOOST, B. 2017a.
How canola and sunflower oils affect lipid profile and anthropometric parameters of participants
with dyslipidemia. Medical journal of the Islamic Republic of Iran, 31, 5.

SAEDI, S., NOROOZI, M., KHOSROTABAR, N ,.MAZANDARANI, S. & GHADRDOOST, B. 2017b.
How canola and sunflower oils affect lipid profile and anthropometric parameters of participants
with dyslipidemia. Med J Islam Repub Iran, 31, 5.

SALAR, A, FAGHIH, S. & PISHDAD, G. R. 2016a. Rice bran oil and canola oil improve blood lipids
compared to sunflower oil in women with type 2 diabetes: A randomized, single-blind, controlled
trial. J Clin Lipidol, 10, 299-305.

SALAR, A., FAGHIH, S. & PISHDAD, G. R. 2016b. Rice bran oil and canola oil improve blood lipids
compared to sunflower oil in women with type 2 diabetes: A randomized, single-blind, controlled

trial. Journal of clinical lipidology, 10, 299-305.
SALMERON, J., HU, F. B., MANSON, J. E., STAMPFER, M. J,, COLDITZ, G. A., RIMM, E. B. &
WILLETT, W. C. 20 .+ Y Dietary fat intake and risk of type 2 diabetes in women. The American

journal of clinical nutrition, 73, 1019-1026.
\A)



SANKAR, D., ALI, A, SAMBANDAM, G. & RAO, R. 2011. Sesame oil exhibits synergistic effect with
anti-diabetic medication in patients with type 2 diabetes mellitus. Clinical nutrition, 30, 351-358.

SANKAR, D., RAO, M. R., SAMBANDAM, G. & PUGALENDI, K. 2006a. Effect of sesame oil on
diuretics or R-blockers in the modulation of blood pressure, anthropometry, lipid profile, and
redox status .The Yale journal of biology and medicine, 79, 19.

SANKAR, D., RAO, M. R., SAMBANDAM, G. & PUGALENDI, K. 2006b. A pilot study of open label
sesame oil in hypertensive diabetics. Journal of medicinal food, 9, 408-412.

SANKAR, D., SAMBANDAM, G., RAO, M. R & .PUGALENDI, K. 2005. Modulation of blood
pressure, lipid profiles and redox status in hypertensive patients taking different edible oils.
Clinica chimica acta, 355, 97-104.

SCAGLIONI, S., VERDUCI, E., SALVIONI, M., BRUZZESE, M. G., RADAELLI, G,
ZETTERSTROM, R., RIVA, E. & AGOSTONI, C. 2006. Plasma long-chain fatty acids and the
degree of obesity in Italian children. Acta Paediatrica, 95, 964-969.

SCHWINGSHACKL, L. & HOFFMANN, G. 2012. Monounsaturated fatty acids and risk of
cardiovascular disease: synopsis of the evidence available from systematic reviews and meta-
analyses. Nutrients, 4, 1989-2007.

SH, M. N. 2007. Primary of medical care of elderly with colleague of universal health organization.
Tehran. University of Scientific Welfare and Rehabilitation, 71.

SHARMA, A. K., BHARTI, S., BHATIA, J., NEPAL, S., MALIK, S., RAY, R., KUMARI, S. & ARYA,
D. S. 2012. Sesamol alleviates diet-induced cardiometabolic syndrome in rats via up-regulating
PPARYy, PPARa and e-NOS. The Journal of nutritional biochemistry.) YAY-Y¥AQ Y |

SIMOPOQULOS, A. P. 2004. Omega-6/omega-3 essential fatty acid ratio and chronic diseases. Food
reviews international, 20, 77-90.

SIRATO-YASUMOTO, S., KATSUTA, M., OKUYAMA, Y., TAKAHASHI, Y. & IDE, T. 2001. Effect
of sesame seeds rich in sesamin and sesamolin on fatty acid oxidation in rat liver. Journal of
Agricultural and Food Chemistry, 49, 2647-2651.

STONE, J. A., FITCHETT, D., GROVER, S., LEWANCZUK, R. & LIN, P. 2013. Vascular protection in
people with diabetes. Canadian journal of diabetes, 37, S100-S104.

SUGANO, M., INOUE, T., KOBA, K., YOSHIDA, K., HIROSE, N., SHINMEN, Y., AKIMOTO, K. &
AMACHI, T. 1990. Influence of sesame lignans on various lipid parameters in rats. Agricultural
and biological chemistry, 54, 2669-2673.

SUKUMAR, D ,.ARIMBOOR, R. & ARUMUGHAN, C. 2008. HPTLC fingerprinting and quantification
of lignans as markers in sesame oil and its polyherbal formulations. Journal of pharmaceutical
and biomedical analysis, 47, 795-801.

SUMMERS, L., FIELDING, B., BRADSHAW, H., ILIC ,V., BEYSEN, C., CLARK, M., MOORE, N. &
FRAYN, K. 2002. Substituting dietary saturated fat with polyunsaturated fat changes abdominal
fat distribution and improves insulin sensitivity. Diabetologia, 45, 369-377.

SUMNER, C., SHETH, S., GRIFFIN, J., CORNBLATH, D. & POLYDEFKIS, M. 2003. The spectrum
of neuropathy in diabetes and impaired glucose tolerance. Neurology, 60, 108-111.

TABATABAEI-MALAZY, 0., QORBANI, M., SAMAVAT, T., SHARIFI, F., LARUJANI, B. &
FAKHRZADEH, H. 2014. Prevalence of dyslipidemia in Iran: a systematic review and meta-
analysis study. International journal of preventive medicine, 5, 373.

TANGALOQOS, E. G., COTA, D. & FUJIOKA, K. 2006. Complex cardiometabolic risk factors: impact,
assessment, and emerging therapies. Journal of the American Medical Directors Association, 7,
1-10.

TRIBOULOT, C., HICHAMI, A., DENYS, A. & KHAN, N. A. 2001. Dietary (n-3) polyunsaturated fatty
acids exert antihypertensive effects by modulating calcium signaling in T cells of rats. The

\A



Journal of nutrition, 131, 23.7¥-YY 74

TSURUOKA, N., KIDOKORO, A., MATSUMOTO, I., ABE, K. & KISO, Y. 2005. Modulating effect of
sesamin, a functional lignan in sesame seeds, on the transcription levels of lipid-and alcohol-
metabolizing enzymes in rat liver: a DNA microarray study. Bioscience, biotechnology, and
biochemistry, 69, 179-188.

TURRENS, J. F. 2003. Mitochondrial formation of reactive oxygen species. The Journal of physiology,
552, 335-344.

UCAR, B., KiLiC, Z., DINLEYICI, E. C., COLAK, O. & GUNES, E. 2007. Serum lipid profiles
including non-high density lipoprotein cholesterol levels in Turkish school-children. Anatolian
Journal of Cardiology/Anadolu Kardiyoloji Dergisi, 7.

VALKO, M., LEIBFRITZ, D., MONCOL, J., CRONIN, M. T., MAZUR, M. & TELSER, J. 2007. Free
radicals and antioxidants in normal physiological functions and human disease. The international
journal of biochemistry & cell biology, 39, 44-84.

VEGA-LGOPEZ, S., AUSMAN, L. M., JALBERT, S. M., ERKKILE, A. T. & LICHTENSTEIN, A. H.
2006. Palm and partially hydrogenated soybean oils adversely alter lipoprotein profiles compared
with soybean and canola oils in moderately hyperlipidemic subjects. The American journal of
clinical nutrition, 84, 54-62.

VEGA, G. L. 2004. Management of atherogenic dyslipidemia of the metabolic syndrome: evolving
rationale for combined drug therapy. Endocrinology and Metabolism Clinics, 33, 525-544.

VESSBY, B. 2000. Dietary fat and insulin action in humans. British Journal of Nutrition, 83, S91-S96.

VESSBY, B., UUSITUPA, M., HERMANSEN, K., RICCARDI, G., RIVELLESE, A. A., TAPSELL, L.
C., N4LSEN, C., BERGLUND, L., LOUHERANTA, A. & RASMUSSEN, B. 2001. Substituting
dietary saturated for monounsaturated fat impairs insulin sensitivity in healthy men and women:
The KANWU Study. Diabetologia, 44, 312-3.) 4

WANG, J., THORNTON, J. C., BARI, S., WILLIAMSON, B., GALLAGHER, D., HEYMSFIELD, S.
B., HORLICK, M., KOTLER, D., LAFERRERE, B. & MAYER, L. 2003. Comparisons of waist
circumferences measured at 4 sites. The American journal of clinical nutrition, 77, 37.4-YAY

WANG, X., MAGKOS, F. & MITTENDORFER, B. 2011. Sex differences in lipid and lipoprotein
metabolism: it's not just about sex hormones. The Journal of Clinical Endocrinology &
Metabolism, 96, 885-893.

WHO 2016a. Obesity and Overweight. Fact Sheet No] Y+ )V ;YY) .updated October 2017. . Available

from: Online document at:http://www.who.int/mediacentre/factsheets/fs311/en./

WHO 2016b. WHO global infobase online. . URL: https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds. (

WHO 2+ Va, Cardiovascular diseases (CVDs). Fact sheet. Updated May,
2017, https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds. (

WHO 2017b. WHO global infobase online. Available from: Online document at:www.who.int/news-
room/fact-sheets/detail/hypertension.

WITTENBERGER, K. 2012. USDA Economic Research Service. ERS/USDA Briefing Room-Soybeans
and Oil Crops: Canola Seed, Oil, and Meal.

YULIANA, N. D., IQBAL, M., JAHANGIR, M., WIJAYA, C. H., KORTHOUT, H., KOTTENHAGE,
M., KIM, H. K. & VERPOORTE, R. 2011. Screening of selected Asian spices for anti obesity-
related bioactivities. Food chemistry, 126, 1724-1729.

Yo


http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
http://www.who.int/news-room/fact-sheets/detail/hypertension
http://www.who.int/news-room/fact-sheets/detail/hypertension

Lowgs

\t4



aol Culo) p 8 —) o lods Camguy

:4ls wl.c)

ploul dad i (Bgdo ad Sy pole oBiils sele Cie gac g MAN aasie (S pl Sdlo el 2SS il

8 o el 5 o hbon 59, 2 Yeli-amuS 5 Yoils (185, b auslie ;o aouS (89, Sl w2 (lote b sl axdllas

) "es g8 (uls Ohlo 5o

=S IS a4 e Led G a8l oalad Do gr el jo 5 el 3 Rwlw aslllas (pl jo jea> gl Led el o

Sl 00 o'))j]

—aouS 5 Ygilsh wamuS ool anli g s (€5, E98 A Ol ainlie g Sl gy addlas pl Ho Bas 0 )lds Ll ceedlw

el (gl S8l ogag S (93 0B 5 2yz 59, 2 VS

(B9l 5 69lS S slo (ke A Dl pas (abis 4 Ml alle (s lal  addlas cnl o el DLl oges

O (rigred Sl o0 B 6slen ohag eudy Cdl,S pos uiares 9 93 w8 odiyel b (SThsS slagls 5l eslinl

Aedl ool ol dalllas o)lg 0aisS S 1D 08 e e 4 Lok ol

51 50 (Bolad Oy 4 Lot (o BT g ele S 2l jo 5l g g addllae pl jo jpax Sl et cold, 33 5l o

£55 a0 5 Lot 5o Alls S5 Sue o 4 <285 sl 18 VlSoamiS L 5 ValS waniS sk, s 099
s 2 O Ss a b 484, soled 95,5l colatuwl (olo Y/Q) aian 05 Side 43 Veili-aouiS g oS Vgl 48,
55 4 jshien 5 Cong andz o 0 Led 4y a5 atie o Eb 0 rizres 5 85 sals I8 Led LiS) s atas
ol aoz Brae syl 5 o sz w0 sl aile Skl wpleyd axzlie 550 4 bl valss el il
S5 Higad o o VO Lads 5l o Bk 5l MelRaulosT ey el 1" 4y p0lo bl S a5 ole 90 0 eizman 5 0l aalss
2 5 olalel pll sly O 5l (t5n 5 wilee 093 w3 5 oz Slalel il Gl g3 Kl ol gdee 488
o 0 dales 00ls 5 Leds 4y b aledl 1 am Ll il 5 il 1, Ml Sliolejl cpl .ol valss 0 155 oK o]

Loy G0 oy 9 O3y 0 led O als mh e g o salg: el e SO Glp Ll K], ey, andllae cpl o

\A4



Qilgs oo oo eolatwl slgics, 51 S plaS a5 sls valgs lis aslas cpl 1 fols bl .8 5 waled O hge adss bl IS
385 0,5 8 eolatul 550 J3e 50 duke 5 calie (59, S (lsre ay 9wl Al (g SISl e 0B g ) 555
Al aales @Mel 15 e 4 s ol colys

Cwlgs Lo 5100, Ke J18 Loty JLis] jo 49, 2 VIO ccolis 5550 4 Lo szl o b a5 aldn iy po (gl asdlas ol jo
PR 93 50 S9zge Sledbl aSul 5wl (pdione B)b 5l oad ools (129, Laid il Job j0 Ll (Bras (o9, LS 5 gdee
@ g JooSS atan zh ;o Job 40 53, dw gl b ools mesg aS jshiles ) " Sy ol bl ST, e clasl”
28,5 anlgs G ygo wdas lid IS g b p 8 pl eSS 50 eSS g (559000 s &1l b

3B ¢ Sl Cwas Wy, p 688 e b aslsl s bl pae O ygo 43 5 el (6L LS axllas opl 4o Lot gl
onl gy p0 aile wlys Bl she 03 aileyme g as e 5l oo 418 5 SleMbl pled rizren g 09 duply: 1 S 5w
o5 o hogle )8 eSS gy 50 i W65 p8 59p Djge )3 5 g walyS Led LS )0 adees 4l WL asllla

Bl Jol> wled liol b asilgis puditase & jg0 4 500 Jlgw

SANYAFYY AT olod o)l s dss b )15 (6 el 8750 1 Jgtune ol IS

el Sis JlS Lo ool 5l

2lyS e

G950 ;@ ;0 g iy [y @3V B ol ools B Cao 3 1o 4y (0l ouilgs L) poged asdllas |y 358 Sledlbl slas (1o
o el G ol 5o 555 Ly 0g clye LS 5 (T LS 50 el 0ols ol edgi (e 4 po i Jlges 45
Celye CoinS oSSl g @0 Slyall aslllae )3 0550 5l @il oo pilss 4T gBse oS ol ST ggdge (@ g oS
2,185 631 pe ibeyo sl

;obab r:ljglalj

sLasl :@)U

YA



sLasl

va



039 duw STyes culilosl -Y o bl Cawguy

u’_éfa.a 6‘&.‘: )L)JLQ dfa.o LSL)“‘: &y u’ab& [RVTY

43[79.41

go oasg e

yas oaeg e

ol




Slyes s ,o)é—\" 6 ylosds Cawguy

£S5 sl

lalié Cawd

4.3[79.&

AN



SN Cadlrd w9 e 38 —F o louds Cawguy

sgie ool)]) codled o

) s S cd gs (aiBof el oy D okl oley—ga s ol
P9y g2 S (i
Ly 95 o3y SRS B VoAV e

AY




AY



