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CLINICAL STUDY



Oleic acid from cooking oils is associated with lower insulin resistance in the general population (Pizarra study) F Soriguer, I Esteva, G Rojo-Martı´nez, M S Ruiz de Adana, M C Dobarganes1, J M Garcı´a-Almeida, F Tinahones, M Beltra´n, S Gonza´lez-Romero, G Olveira and J M Go´mez-Zumaquero Servicio de Endocrinologı´a y Nutricio´n, Hospital Civil (Hospital Universitario Carlos Haya), Malaga, Spain and 1Instituto de la Grasa (CSIC), Sevilla, Spain (Correspondence should be addressed to Federico Soriguer, Servicio de Endocrinologı´a y Nutricio´n, Hospital Civil, Plaza del Hospital Civil, 29009 Malaga, Spain; Email: [email protected])



Abstract Aim: To evaluate the relation between type of dietary fatty acid and degree of insulin resistance. Design: A cross-sectional study. Methods: Anthropometrical data were measured in 538 subjects, aged 18– 65 years, selected randomly from the municipal census of Pizarra (Spain). An oral glucose tolerance test (OGTT) was given to all subjects and measurements were made of glycemia, insulinemia and the proportion of fatty acids in plasma phospholipids. Insulin resistance (IR) was estimated by homeostasis model assessment. Samples of cooking oil being used were obtained from the kitchens. The strength of association between variables was measured by calculating the odds ratio (OR) from logistic models, and the relationships were measured by linear correlation coefficients. Results: Insulin resistance was significantly less in people who used olive oil compared with those who used sunflower oil or a mixture. Statistical significance remained in the group of people with normal OGTT after adjusting for obesity. In the whole sample, IR correlated negatively with the concentration of oleic acid (r ¼ 2 0.11; P ¼ 0.02) and positively with that of linoleic acid (r ¼ 0.10; P ¼ 0.02) from the cooking oil. In subjects with normal OGTT, IR correlated negatively with oleic acid from cooking oil (r ¼ 2 0.17; P ¼ 0.004) and from plasma phospholipids (r ¼ 2 0.11; P ¼ 0.01) and positively with the concentration of linoleic acid in cooking oil (r ¼ 0.18; P ¼ 0.004) and plasma phospholipids (r ¼ 0.12; P ¼ 0.005). The risk (OR) of having raised IR was significantly lower in people who consumed olive oil, either alone (OR ¼ 0.50) or mixed (OR ¼ 0.52) compared with those who consumed only sunflower oil. Conclusion: There is an association between the intake of oleic acid, the composition of oleic acid in plasma phospholipids and peripheral insulin action. European Journal of Endocrinology 150 33–39



Introduction Insulin resistance, glucose intolerance and hyperinsulinemia are the main components of the metabolic syndrome (1) and probably precede the onset of type 2 diabetes mellitus (2). The prevalence of obesity, type 2 diabetes mellitus and other risk factors associated with the metabolic syndrome have increased markedly in the developed world (3). The roles of genetics and lifestyle in this increase are under debate (4). Although Himsworth showed that macronutrients in the diet can influence glucose tolerance in healthy subjects (5), studies of the role of diet in the risk of diabetes have been inconsistent. Some authors have found no association (6, 7) whereas others have found some degree of association with a particular nutrient (8, 9). Most population studies have focused on evaluating the relationship between diet and risk of type 2 diabetes
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mellitus. Overall, they indicate that intake of fats, especially saturated fats, has an adverse effect on the risk of diabetes, whilst intake of fibre is beneficial (10). There is general agreement about increased insulin resistance with saturated fatty acids (11) and reduced insulin resistance with n-3 fatty acids (12), although the effect of n-6 fatty acids on insulin resistance is controversial (13). The association between dietary intake of oleic acid and insulin resistance is less well understood. A relationship has been found between insulin resistance and levels of some monounsaturated fatty acids (MUFA), such as palmitoleic acid (14), but studies of oleic acid have reported contradictory results. Some studies have shown a reduction in insulin resistance with diets rich in oleic acid (15), whereas others have either found no relationship (16) or have even shown an inverse association between oleic acid and insulin sensitivity (17).
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In a group of people from southern Spain who have a high intake of olive oil in their diet and who commonly cook their food by frying, we tested the hypothesis of a possible association between oleic acid intake and insulin resistance. Results suggest that the greater richness in oleic acid of frying oil is associated with lower insulin resistance.



Materials and methods The study was undertaken in Pizarra, a small town in the province of Malaga, Andalusia, southern Spain. Details of the study design and sample have been reported previously (18). A total of 538 subjects, aged 18 –65 years, were selected randomly from the municipal census. All institutionalized persons, for whatever reason, were excluded from the study, as were pregnant women, and those with a severe clinical problem or psychological disorder. The subjects were requested by mail to attend their local health centre for a medical examination. Those who failed to attend their first appointment were sent a second letter giving them another appointment, and all those still not attending were visited at home in order to ascertain the reason. The final sample distribution by age and sex was not significantly different from the population distribution (19).



Procedures All participants were interviewed and given a standardized clinical examination by the same doctors (I E, M S R A, J M G A). Measurements were made of weight and height and the body mass index (BMI) was calculated (weight/height2) (20). To determine the presence of carbohydrate metabolism disorders each person received an oral glucose tolerance test (OGTT) with 75 g glucose. Capillary glycaemia was measured at baseline and 120 min after the OGTT with Glucometer-Elite (Bayer, Barcelona, Spain). Venous blood samples were taken at base line and the serum stored at 2 70 8C for later study of insulin and fatty acid composition in plasma phospholipids. During a home visit a sample was taken of the oil being used for cooking at that time. To avoid the oil being swapped for newer oil, the family was unaware of the intention to request a sample of their oil until the time of the visit by the investigator. All participants authorized the collection of these samples of oil from their kitchens.



Laboratory measurements Baseline insulinaemia was measured by radioimmunoassay (Coat A Count Insulin, DPC, Los Angeles, CA, USA). Insulin resistance was estimated by homeostasis model assessment (HOMA) (21), according to the www.eje.org
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formula: insulin resistance index ¼ fasting insulin (mU/ml) £ fasting glucose (mmol/l)/22.5. The fatty acid composition of serum phospholipids was carried out by extraction of the serum fat with chloroform:methanol 2:1 and butylated hydroxytoluene (BHT) at 0.025% (22) and phospholipid separation by TLC. Fatty acid methyl esters were formed by heating the extracted fat for 30 min with 0.61 mol/l H2SO4 in anhydrous methanol. After extraction with hexane, the fatty acid methyl esters were analyzed in a Hewlett Packard chromatograph, equipped with a flame ionization detector and using a BPX75 fused-silica capillary column (SGE, Villebon, France).



Composition and quality of cooking oil Fatty acids from the cooking oil were analyzed by gas chromatography after derivatization to fatty acid methyl esters with 2 M KOH in methanol and using triheptadecanoin as internal standard according to the IUPAC standard method (23). An HP 6890 chromatograph on an HP Innowax capillary column (polyethylene glycol, 30 m £ 0.25 mm i.d., film thickness 0.25 mm) (Hewlett Packard), was used under the following temperature program: 180 8C (4 min), 4 8C/min to 230 8C (15 min). Samples were introduced into the column via a split injector (split ratio 1:40) at 250 8C and the flow rate of hydrogen, used as carrier gas, was 1 ml/min. The temperature of both split injector and flame ionization detector was 250 8C. After analysis, samples were classified according to fatty acid composition.



Classification criteria Since only olive oil and sunflower oil are commercially available for domestic use in Spain, three groups of oils were defined: oils having levels of linoleic acid higher than 50%, which were classified as sunflower oil; oils having less than 25% linoleic acid, classified as olive oil; and those containing between 25% and 50% linoleic acid, which were classified as a mixture. The American Diabetes Association (ADA) 1998 criteria were used for the classification of people with diabetes and carbohydrate metabolism disorders (24). A normal OGTT was considered to be baseline capillary glycaemia lower than 100 g/dl and post-OGTT glycemia lower than 140 g/dl (24). Obesity was set at a BMI of 30 or above (25).



Statistical study Statistical differences between means of continuous variables were studied with one-way ANOVA, and the chi-square test was used for qualitative variables. In all cases the rejection level for a null hypothesis was a ¼ 0.05 for two tails. The strength of association between variables was measured by calculating
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the odds ratio (OR) from logistic regression models according to Kleimbaun et al. (26) and the confidence intervals of the OR according to Miettinen (27).



Ethical considerations All subjects were informed of the nature of the study and gave their written consent to participate. The study was approved by the Ethics and Clinical Investigation Committee of Carlos Haya Hospital.



Results The mean age of the participants was 39.97^13.82 years, range: 17 – 68 years; 37.5% were men and 62.5% were women. The age and sex of the sample were not statistically different from those of the whole population. Of the participants, 53.6% consumed just olive oil, 21.6% just sunflower oil, and 24.8% a mixture of both. Table 1 shows the mean composition of the frying oils used. There were no differences in age, sex or BMI according to the type of oil consumed (data not shown). The fatty acid composition of the plasma phospholipids followed the pattern expected from the fatty acid composition of the cooking oil used (Table 2), with a significant positive correlation for oleic acid Table 1 Concentrations (means^S.D. ) of the fatty acids in the cooking oils. Type of oil used



Palmitic acid (%) Stearic acid (%) Oleic acid (%) Linoleic acid (%)



Olive



Mixture



Sunflower



11.2^2.1a 2.9^0.4b 73.0^4.8a 10.2^4.3c



8.3^1.8b 3.5^0.5a 45.7^7.0b 39.9^7.1b



7.6^1.2c 3.7^0.4a 29.6^4.1c 56.8^4.8a



For each fatty acid, the means with a different letter were significantly different (P ¼ 0.0001, one-way ANOVA).



Table 2 Fatty acid composition of the plasma phospholipids according to the type of cooking oil used. Type of oil Olive Myristic acid (%) Palmitic acid (%) Palmitoleic acid (%) Estearic acid (%) Oleic acid (%) Linoleic acid (%) Arachidonic acid (%) Eicosapentaenoic acid (%) Docosahexaenoic acid (%)



Mixture a



0.39^0.47 31.4^7.0a 0.52^1.01a 13.9^2.2b 12.2^2.6a 23.9^4.3b 11.9^3.9a 0.73^0.63a 4.7^1.4a



Sunflower a



0.41^0.52 29.7^5.3a 0.49^0.45a 14.4^1.9a 11.1^1.8b 25.9^3.8a 11.9^2.8a 0.66^0.51a 5.0^3.2a



0.50^0.59a 31.3^6.7a 0.51^0.53a 14.7^2.1a 10.5^2.0b 25.1^4.0a 12.0^2.9a 0.66^0.54a 4.5^1.4a



For each fatty acid, the means with a different letter were significantly different (P ¼ 0.0001, one-way ANOVA).
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(r ¼ 0.32, P ¼ 0.0001) and for linoleic acid (r ¼ 0.17, P ¼ 0.001). Insulin resistance was significantly lower in people who consumed olive oil than in those who consumed sunflower oil or a mixture, for both the overall sample, which included people with some glycemic disorder (P ¼ 0.01) and for those with a normal OGTT (P ¼ 0.006) (Table 3). As expected, subjects with an abnormal OGTT had higher IR-HOMA values than those with normal OGTT (P , 0.0001 between the three groups). Although IR-HOMA values were lower in the olive oil group, they were not statistically different from those of the sunflower oil group (P ¼ 0.23) (Table 3). After adjusting for obesity and carbohydrate metabolism disorders this relationship was no longer significant for the whole sample (P ¼ 0.40), but after adjusting for obesity the relationship was still significant in those with a normal OGTT (P ¼ 0.006). The degree of insulin resistance in the overall sample correlated negatively with the oleic acid (r ¼ 2 0.11; P ¼ 0.02) and positively with the linoleic acid concentration (r ¼ 0.10; P ¼ 0.02) of the cooking oils consumed. In subjects with a normal OGTT there was a significant negative association between insulin resistance and oleic acid from both cooking oil (r ¼ 2 0.17; P ¼ 0.004) and plasma phospholipids (r ¼ 2 0.11; P ¼ 0.01) and a positive association with linoleic acid in cooking oil (r ¼ 0.18; P ¼ 0.004) and plasma phospholipids (r ¼ 0.12; P ¼ 0.005). Table 4 shows the risk (OR) of having an insulin resistance above the 75th percentile of the sample population (P75 ¼ 3.15). This risk was significantly lower in people who consumed olive oil alone (OR ¼ 0.50) or mixed oils (OR ¼ 0.52) compared with those who just used sunflower oil. As expected, the risk of insulin resistance was related to obesity (OR ¼ 1.98), impaired fasting glucose (IFG) (OR ¼ 3.76), impaired glucose tolerance (IGT) (OR ¼ 2.27) and diabetes mellitus (OR ¼ 18.29). The strength of the association between the consumption of olive oil and the reduced risk of insulin resistance was hardly changed by the inclusion in the model of obesity, diabetes mellitus and other carbohydrate metabolism disorders (model 5). However, as can be seen in models 2 and 3, the association between risk of insulin resistance and concentration of oleic acid in cooking oil and plasma phospholipids, considered as continuous variables, suggests a dose-dependant reduction in risk. This negative dose-dependant association between MUFA and insulin resistance was also seen in people with normal OGTT (Table 5), even after inclusion of BMI in the model (Table 5, model 4).



Discussion We evaluated the association in the general population between the composition of cooking oil and peripheral www.eje.org
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Table 3 Insulin resistance (IR) index according to type of dietary fat. Results are means^S.D.



Type of oil Olive Mixture Sunflower



Insulin resistance (whole sample)



Insulin resistance (only those with normal OGTT)



Insulin resistance (only those with IGT, IFG or UKDM)



3.07^2.94b 3.07^2.46b 3.90^3.75a



2.05^1.23b 2.17^1.52a 2.75^1.76a



3.96^3.73 4.99^3.17 5.38^4.75



In each column the means with a different letter were significantly different (one-way ANOVA) – column 1, P , 0.01; column 2, P ¼ 0.006; column 3, P ¼ 0.23.



insulin sensitivity. The study was undertaken in Pizarra, a town in the province of Malaga, Spain, near the Mediterranean coast in Andalusia, a region with a great production of olive oil (28). It is not surprising, therefore, that 75% of the study subjects used olive oil for cooking, either alone (53.6%) or in combination with sunflower oil (22.6%), figures which are similar to those for the region as a whole (29). The body distribution of fatty acids and their incorporation into tissues from the diet is organ- and tissue-specific (30) and numerous studies have shown that plasma fatty acids are, to a certain degree, representative of dietary fatty acids (31, 32). This was also seen in our study in which those people who consumed olive oil had greater concentrations of oleic acid in their plasma phospholipids whereas those who consumed sunflower oil had greater concentrations of linoleic acid. Numerous epidemiological, clinical, and experimental studies have demonstrated the different biological importance of fats, especially saturated and polyun-



saturated n-6 fats used for human consumption (33). The observations concerning olive oil are more recent, although the Seven Countries study had already shown an inverse relationship between consumption of monounsaturated fats and the incidence and prevalence of cardiovascular disease (34). Recent prospective studies indicate that a high intake of fats, especially fats rich in saturated fatty acids, contributes to the risk of abnormal glucose tolerance and type 2 diabetes mellitus and that fish, legumes, potatoes and vegetables may have a protective effect (8). However, the individual role of fatty acids in their different families (saturated, n-9, n-6 and n-3) is under investigation (33, 34, 35). The metabolic syndrome is the result of an interaction between genetic predisposition and environmental factors, with insulin resistance at the crossroads of the various metabolic problems making up the syndrome (36). The levels of insulin resistance in our study were lower in people who used olive oil than in those who used sunflower oil. We have already reported



Table 4 Risk of having an insulin resistance value above the 75th percentile of the sample population according to the composition of cooking oil and other variables. Logistic regression models with the whole study population. Dependent variable: insulin resistance .P75 (no ¼ 0, yes ¼ 1). Model 1 2 3 4



5



Independent variables1



Beta



Beta error



OR



95% CI



P value



Olive vs sunflower cooking oil Mixture vs sunflower cooking oil Age Level of oleic acid in cooking oil Age Level of oleic acid in serum phospholipids Age Olive vs sunflower cooking oil Mixture vs sunflower cooking oil Presence of obesity Age Olive vs sunflower cooking oil Mixture vs sunflower cooking oil Presence of obesity2 Presence of IFG vs OGTT-N3 Presence of IGT vs OGTT-N Presence of UKDM vs OGTT-N Age



20.75 20.61 0.06 20.015 0.06 20.14 0.05 20.64 20.56 1.41 0.04 20.85 20.66 1.19 1.84 0.77 2.75 0.02



0.25 0.32 0.008 0.0057 0.009 0.03 0.006 0.27 0.34 0.29 0.009 0.33 0.40 0.33 0.36 0.41 0.41 0.01



0.47 0.54 1.06 0.98 1.06 0.87 1.06 0.53 0.57 4.11 1.04 0.43 0.51 3.29 6.32 2.16 15.79 1.02



0.30–0.75 0.32–0.92 1.04–1.08 0.97–0.99 1.04–1.08 0.82–0.92 1.04–1.06 0.33–0.87 0.29–1.12 2.32–7.24 1.02–1.06 0.23–0.81 0.27–1.00 1.72–6.30 3.10–12.8 0.96–4.85 6.95–35.16 1.0 –1.04



0.003 0.05 0.0001 0.007 0.0001 0.0001 0.0001 0.02 0.09 0.0001 0.0001 0.008 0.09 0.0003 0.0001 0.06 0.0001 0.14



CI, confidence intervals. 1 Adjusted for sex (not significant in any model). 2 Presence of obesity when BMI . 30 kg/m2. 3 OGTT-N; OGTT normal, when glycemia basal (capillary) , 100 mg/dl and glycemia post-OGTT (capillary) , 140 mg/dl. IFG, impaired fasting glucose; IGT, impaired glucose tolerance. UKDM, unknown diabetes mellitus, diagnosed by OGTT during the study.



www.eje.org



Oleic acid and insulin resistance



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2004) 150



37



Table 5 Risk of having an insulin resistance value above the 75th percentile of the sample population according to the composition of cooking oil and other variables. Logistic regression models with persons with a normal OGTT only (baseline capillary glycemia ,100 mg/dl and post-OGTT glycemia ,140 mg/dl). Dependent variable: IR . P75 (no ¼ 0, yes ¼ 1). Model 1 2 3 4



Independent variables1



Beta



Beta error



OR



95% CI



P value



Olive vs sunflower cooking oil Mixture vs sunflower oil Age Level of oleic acid in cooking oil Age Level of oleic acid in serum phospholipids Age Body mass index Level of oleic acid in serum phospholipids Age



21.40 20.87 0.04 20.03 0.04 20.20 0.04 0.14 20.17 0.002



0.51 0.59 0.02 0.01 0.01 0.06 0.01 0.03 0.06 0.01



0.24 0.42 1.04 0.97 1.04 0.81 1.04 1.15 0.84 1.00



0.09– 0.67 0.13– 1.33 1.01– 1.08 0.95– 0.99 1.02– 1.06 0.73– 0.92 1.02– 1.06 1.08– 1.22 0.75– 0.95 0.98– 1.02



0.006 0.14 0.03 0.02 0.02 0.001 0.02 0.0001 0.01 0.8



1



Adjusted for sex (not significant in any model). CI, confidence interval.



the prevalence of diabetes mellitus and carbohydrate metabolism disorders in this same population (18). Insulin resistance is known to precede in time the onset of type 2 diabetes mellitus, and people with IGT and type 2 diabetes mellitus (at least during the early phase as is the case of people with unknown diabetes mellitus (UKDM)), as well as obese people, have higher IR-HOMA levels (37, 38). Interestingly, the association in our study between type of dietary cooking oil and pattern of insulin resistance was seen in the general population, to a certain extent independently of the presence of obesity and carbohydrate metabolism disorders. Numerous studies over recent years, both experimental and clinical, have demonstrated a relationship between the type of dietary fat and insulin sensitivity (17, 39). Diets rich in saturated fatty acids are generally accepted to induce insulin resistance in vitro and in vivo (11, 39) and increased dietary levels of n-3 fatty acids raise peripheral insulin sensitivity (12, 40), with the role of n-6 fatty acids remaining controversial (13). Recent studies of the role of MUFA in insulin resistance have differed in their observations, with some finding that a MUFArich diet increases peripheral insulin sensitivity in both diabetic patients (15, 41) and healthy subjects (42, 43), whereas others have found that dietary oleic acid influences fat oxidation (16) and other clinical parameters such as blood pressure (44), and that it may have a negative influence on insulin sensitivity (17). Experimental studies may help explain this effect of oleic acid on peripheral insulin action. The concentration of oleic acid is very high in tissue membranes, such as muscle or liver where the action of insulin is important (30) and changes in concentration affect cell membrane fluidity and functionality (45) and might also affect peripheral insulin sensitivity. Previous studies in rats by our group have shown that an oliveoil-enriched diet contributes to the redistribution of body fat (46) and modifies lipolytic efficiency of fat cells (47). Furthermore, n-9 fatty acids may regulate gene expression related to peripheral insulin sensitivity,



as occurs with other fatty acid families (48). Increased endothelium-dependent flow vasoreactivity (15), induction of an up-regulating effect on uncoupling protein mRNA in adipose tissue and muscle (49), and expression of GLUT2 in the liver (50) are also associated with olive oil enrichment in different experimental models. Nevertheless, it still remains necessary to elucidate the mechanisms by which enrichment with oleic acid favours peripheral insulin action. In summary, reduced insulin resistance plays a central role in primary prevention of the metabolic syndrome and type 2 diabetes mellitus. Our study, in a Mediterranean population with a high consumption of olive oil, demonstrates an association between the amount of oleic acid in frying oils, the composition of oleic acid in plasma phospholipids and insulin resistance. The results suggest the convenience of increasing the proportion of olive oil in the daily diet of the general population and support the proposed increase in oleic acid in the dietary management of type 2 diabetes mellitus (51).



Acknowledgements We are indebted to Araceli Gonza´lez, Isabel Garcı´a, Salvador Alarco´n, Mercedes Gime´nez and Pablo Rodrı´guez for their help and technical assistance, and to Ian Johnstone for the English language version. This work was supported by grants from the Fondo de Investigacio´n Sanitaria of the Instituto de Salud Carlos III (98/0475 and Red de Centros RCMN C03/08), Junta de Andalucı´a (6/98), Fondo Europeo de Desarrollo Regional (IFD97/0718) and Asociacio´n Maimo´nides.



References 1 Reaven GM. The role of insulin resistance in human disease. Diabetes 1988 37 1595–1607. 2 DeFronzo RA, Bonadonna RC & Ferranini E. Pathogenesis of NIDDM. A balanced overview. Diabetes Care 1992 15 318–367.



www.eje.org



38



F Soriguer and others



3 Zimmet P, Alberti GMM & Shaw J. Global and societal implications of the diabetes epidemic. Nature 2001 414 782–787. 4 Saltiel AR. The molecular and physiological basis of insulin resistance: emerging implications for metabolic and cardiovascular disease. Journal of Clinical Investigation 2000 106 163–164. 5 Himsworth HP. The dietetic factors determining the glucose tolerance and sensitivity to insulin of normal men. Clinical Science 1935 2 68 –94. 6 Lundgren H, Bengtsson C, Blohme´ G, Issakson B, Lapidus L, Lenner RA et al. Dietary habits and incidence of non-insulindependent diabetes mellitus in a population of women in Gothenburg, Sweden. American Journal of Clinical Nutrition 1989 49 708–712. 7 Feskens EJM & Kromhout D. Cardiovascular risk factors and the 25-year incidence of diabetes mellitus: the Zutphen Study. American Journal of Epidemiology 1989 130 1101– 1108. 8 Feskens EJM, Virtanen SM, Ra¨sa¨nes L, Tuomilheto J, Stengard J, Pekkanen J et al. Dietary factors determining diabetes and impaired glucose tolerance. A 20-year follow-up of the FinnishDutch cohort of the Seven Countries Study. Diabetes Care 1995 18 1104–1112. 9 Marshall JA, Hoeg S, Shetterly S & Hamman RF. Dietary fat predictors conversion from impaired glucose tolerance to NIDDM: the San Luis Valley Diabetes Study. Diabetes Care 1994 17 50– 56. 10 Mathers JC & Daly M. Dietary carbohydrates and insulin sensitivity. Current Opinion in Clinical Nutrition and Metabolic Care 1998 1 553–557. 11 Hunnicutt JW, Hardy RW, Williford J & McDonald JM. Saturated fatty acid-induced insulin resistance in rat adipocytes. Diabetes 1994 43 541 –545. 12 Rizkalla SW, Boillot J, Alamowitch C, Chaib H, Bruzzo F, Desplanque N et al. Dietary (n-3) polyunsaturated fatty acids improve adipocyte insulin action and glucose metabolism in insulin-resistant rats: relation to membrane fatty acids. Journal of Nutrition 1996 126 1951–1958. 13 Berry EM. Who’s afraid of n-6 polyunsaturated fatty acids? Methodological considerations for assessing whether they are harmful. Nutrition, Metabolism and Cardiovascular Diseases 2001 11 181 –188. 14 Lovejoy JC, Champagne CM, Smith SR, DeLany JP, Bray GA, Lefevre M, Denkins YM & Rood JC. Relationship of dietary fat and serum cholesterol ester and phospholipid fatty acids to markers of insulin resistance in men and women with a range of glucose tolerance. Metabolism 2001 50 86 –92. 15 Ryan M, McInerney D, Owens D, Collins P, Johnson A & Tomkin GH. Diabetes and the Mediterranean diet: a beneficial effect of oleic acid on insulin sensitivity, adipocyte glucose transport and endothelium-dependent vasoreactivity. Quarterly Journal of Medicine 2000 93 85 –91. 16 Lovejoy JC, Smith SR, Champagne CM, Lefevre M, DeLany JP, Denkins YM et al. Effects of diets enriched in saturated (palmitic), monounsaturated (oleic), or trans (elaidic) fatty acids on insulin sensitivity and substrate oxidation in healthy adults. Diabetes Care 2002 25 1283– 1288. 17 Mayer-Davis EJ, Monaco JH, Hoen HM, Carmichael S, Vitolins MZ, Rewers MJ, Haffner SM, Ayad MF, Bergman RN & Karter AJ. Dietary fat and insulin sensitivity in a triethnic population: the role of obesity. The Insulin Resistance Atherosclerosis Study (IRAS). American Journal of Clinical Nutrition 1997 65 79 –87. 18 Soriguer F, Esteva I, Rojo-Martı´nez G, Ruiz de Adana MS, May Catala´ M, Merelo MJ et al. Prevalence of diabetes mellitus type LADA in South Spain. Diabetes Research and Clinical Practice 2002 56 213 –220. 19 Instituto de Estadı´stica de Andalucı´a. Sistema de informacio´n municipal de Andalucı´a. Seville: Junta de Andalucı´a, 1996. 20 World Health Organization (WHO) Expert Committee. Physical status: the use and interpretation of anthropometry, Technical Report Series no. 854. Geneva: WHO, 1995.



www.eje.org



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2004) 150



21 Mattews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF & Turner RL. Homeostasis model assessment: insulin resistance and b-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985 28 412 –419. 22 Hamilton S, Hamilton RJ & Sewell PA. Extraction of lipids and derivative formation. In Lipid Analysis. A Practical Approach, ch 2, pp 13 –63. Eds S Hamilton & RJ Hamilton. Oxford: Oxford University Press, 1992. 23 IUPAC Standard Methods for the Analysis of Oils, Fats and Derivatives, Supplement to the 7th Edition. International Union of Pure and Applied Chemistry. Oxford: Pergamon Press, 1992. 24 Alberti KGMM & Zimmet PZ. Definition and classification of diabetes mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus. Provisional report of a WHO consultation. Diabetic Medicine 1998 15 539 –553. 25 Sociedad Espan˜ola para el Estudio de la Obesidad (SEEDO). Consenso SEEDO’2000 para la evaluacio´n del sobrepeso y la obesidad y el establecimiento de criterios de intervencio´n terape´utica. Medicina Clı´nica 2000 115 587– 597. 26 Kleimbaun DG, Kupper LL & Keith EM. Applied Regression Analysis and Other Multivariable Methods. Boston: PWS-Kent Publishing Company, 1988. 27 Miettinen OS. Stimability and stimation in case-referent studies. American Journal of Epidemiology 1976 103 226– 235. 28 Anon. Las Raı´ces del Aceite de Oliva. Madrid: Ediciones del Ministerio de Agricultura, Pesca y Alimentacio´n, 1983. 29 Junta de Andalucı´a. Consejerı´a de Salud. Valoracio´n del Estado Nutricional de la Comunidad Auto´noma Andaluza. Seville: Publicaciones de la Consejerı´a de Salud de la Junta de Andalucı´a, 2000. 30 Soriguer F, Tinahones F, Monzo´n A, Pareja A, Rojo-Martı´nez G, Moreno F et al. Varying incorporation of fatty acids in muscle, adipose, pancreatic exocrine tissue and thymocytes in adult rats fed with diet rich in different fatty acids. European Journal of Epidemiology 2000 16 585– 594. 31 Rojo-Martı´nez G, Soriguer FJ, Gonza´lez-Romero S, Tinahones F, Moreno F, Ruiz de Adana MS et al. Serum leptin and habitual fatty acids dietary intake in diabetes mellitus type 1 patients. European Journal of Endocrinology 2000 142 263–268. 32 Dogherty RM, Galli C, Ferr-Luzzi A & Iacono JM. Lipid and phospholipid fatty acid composition of plasma, red blood cells, and platelets and how they are affected by dietary lipids: a study of normal subjects from Italy, Finland and the USA. American Journal of Clinical Nutrition 1987 45 443–455. 33 Katan MJ, Zock PL & Mensinck RP. Dietary oils, serum lipoproteins, and coronary heart disease. American Journal of Clinical Nutrition 1995 61 1368S–1373S. 34 Keys A, Menotti A, Karvonen MJ, Aravanis C, Blackburn H, Buzina R et al. The diet and 15-year death rate in the Seven Countries Study. American Journal of Epidemiology 1986 124 903– 915. 35 Mensink RP & Katan MB. Effect of dietary acids on serum lipids and lipoproteins – a meta-analysis of 27 trials. Arterosclerosis and Thrombosis 1992 12 911 –919. 36 Reaven GM. Banting Lecture 1988. Role of insulin resistance in human disease. Diabetes 1988 37 1595–1607. 37 Haffner S, Miettinen H & Stern MP. The homeostasis model in the San Antonio Heart Study. Diabetes Care 1997 20 1087 –1092. 38 Soriguer F, Rojo-Martı´nez G, Esteva I, Ruiz de Adana MS, Tinahones F, Cuesta-Mun˜oz AL et al. Patterns of insulin resistance in the general population of Southeast Spain. American Diabetes Association 63rd Scientific Sessions. Diabetes 2003 52 (Suppl 1) A504–A505. 39 Hu FB, van Dam RU & Liu S. Diet and risk of type 2 diabetes: the role of types of fat and carbohydrate. Diabetologia 2001 44 805– 817. 40 Taouis M, Dagou C, Ster C, Durand G, Pinault M & Delarue J. N-3 polyunsaturated fatty acids prevent the defect of insulin receptor signaling in muscle. American Journal of Physiology 2002 282 E664–E671.



Oleic acid and insulin resistance



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2004) 150



41 Parillo M, Rivellese AA, Ciardullo AV, Capaldo B, Giacco A, Genovese S & Riccardi G. A high-monounsaturated-fat/ low-carbohydrate diet improves peripheral insulin sensitivity in non-insulin-dependent diabetic patients. Metabolism 1992 41 1373–1378. 42 Vessby B, Unsitupa M, Hermansen K, Riccardi G, Rivellese AA, Tapsell LC et al. Substituting dietary saturated for monounsaturated fat impairs insulin sensitivity in healthy men and women: The KANWU Study. Diabetologia 2001 44 312 –319. 43 Salas J, Lo´pez MJ, Jansen S, Zambrana JL, Castro P, Paniagua JA et al. The diet rich in monounsaturated fat modifies in a beneficial way carbohydrate metabolism and arterial pressure. Medicina Clinica 1999 113 765–769. 44 Lahoz C, Alonso R, Porres A & Mata P. Diets enriched with monounsaturated fatty acids and omega-3 polyunsaturated fatty acids decrease blood pressure without changing the plasma insulin concentration in healthy subjects. Medicina Clinica 1999 112 133– 137. 45 Ruiz Gutierrez V, Stiefel P, Villar J, Garcı´a-donas MA, Acosta D & Carneado J. Cell membrane fatty acid composition in type 1 (insulin-dependent) diabetic patients: relationship with sodium transport abnormalities and metabolic control. Diabetologia 1993 36 850– 856. 46 Soriguer F, Moreno F, Rojo-Martı´nez G, Cardona F, Tinahones F, Go´mez-Zumaquero JM et al. Redistribution of abdominal fat



47



48



49



50



51



39



after a period of food restriction in rats is related to the type of dietary fat. British Journal of Nutrition 2003 89 115 –122. Soriguer F, Moreno F, Rojo Martı´nez G, Garcı´a Fuentes E, Tinahones F, Go´mez-Zumaquero JM et al. El tipo de a´cido graso de la dieta modifica la lipolysis durante la realimentacio´n tras desnutricio´n. Endocrinologia y Nutricio´n 2002 49 59 –69. Clarke SD, Gasperikova D, Nelson C, Lapillone A & Heird WC. Fatty acid regulation of gene expression: a genomic explanation for the benefits of the Mediterranean diets. Annals of the New York Academy of Sciences 2002 967 283 –298. Rodriguez V, Portillo MP, Pico´ C, Macarulla MT & Palou A. Olive oil feeding up-regulates uncoupling protein genes in rat brown adipose tissue and skeletal muscle. American Journal of Clinical Nutrition 2002 71 1–8. Okamoto Y, Tanaka S & Haga Y. Enhanced GLUT2 gene expression in an oleic acid-induced in vitro fatty liver model. Hepatology Research 2002 23 138–144. Berry EM. Dietary fatty acids in the management of diabetes mellitus. American Journal of Clinical Nutrition 1997 66 991S–997S.



Received 27 June 2003 Accepted 15 October 2003



www.eje.org













Suggest Documents










High Oleic Oils Congress





Read more





 




Inthe general population, hypertension is associated





Read more





 




Factors associated with pathological dissociation in the general population





Read more





 




Serum resistin is not associated with obesity or insulin resistance in humans





Read more





 




OBESITY is often associated with resistance





Read more





 




Stroke Awareness in the General Population: A Study from Jordan





Read more





 




Insulin resistance is a characteristic feature





Read more





 




Higher Fitness is Associated with Lower Heath Care Costs: The Veterans Exercise Testing Study





Read more





 




Diabetes-associated HLA genotypes affect birthweight in the general population





Read more





 




Extra virgin olive oil and oleic acid





Read more





 




Cooking oils for heart health





Read more





 




Consumer Trends Cooking Oils in Hong Kong





Read more





 




Insulin resistance in drug naive patients with multiple sclerosis





Read more





 




INSULIN RESISTANCE AND relative insulin deficiency





Read more





 




Markers of insulin resistance in perimenopausal women with endometrial pathology





Read more





 




Insulin resistance & secretion in subjects with normal fasting plasma glucose





Read more





 




Auto-Ignition of Cooking Oils





Read more





 




Fatigue Resistance During a Voluntary Performance Task Is Associated with Lower Levels of Mobility in Cerebral Palsy





Read more





 




Association between serum ferritin and the insulin resistance syndrome in a representative population





Read more





 




The CC genotype of the GNAS T393C polymorphism is associated with obesity and insulin resistance in women with polycystic ovary syndrome





Read more





 




Common candidate gene variants are associated with QT interval duration in the general population





Read more





 




Studies on microcirculation in insulin resistance





Read more





 




Insulin resistance in severe acne vulgaris





Read more





 




Dyslipidemia in Insulin Resistance: Cause or Effect





Read more





 












×
Report "Oleic acid from cooking oils is associated with lower insulin resistance in the general population (Pizarra study)"





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes












Copyright © 2024 KIPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Help |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Google
 Login with Facebook














