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  Abstract
  Consumption of olive oil within the Mediterranean diet has been long known to have many health benefits. However, only over the last decade has epidemiological research confirmed its protective role against developing several chronic diseases. The objective of this review was to give an overview of the state of art epidemiological evidence concerning the relationship between olive oil and key public health outcomes including mortality, CVD, diabetes, metabolic syndrome (MetS), obesity and cancer, with a particular focus on recent results from cohort studies and dietary intervention trials. Recent epidemiological research has shown that regular consumption of olive oil is associated with increased longevity. This benefit is partly due to the olive oil's unequivocal cardio-protective role. There is converging evidence on the benefits of olive oil for preventing several CVD risk factors, including diabetes, MetS and obesity. Olive oil is also implicated in preventing certain cancers, with the most promising findings for breast and digestive tract cancers, although the data are still not entirely consistent and mainly from case–control studies. These health benefits are supported by strong mechanistic evidence from experimental studies, demonstrating that specific components of olive oil have antihypertensive, antithrombotic, antioxidant, antiinflammatory and anticarcinogenic action. Despite the accumulating epidemiological research, there is still a lack of consistent results from high-quality studies for many health outcomes (i.e. certain cancers and metabolism-related disorders). Further research is mandatory, above all from prospective studies and randomised dietary intervention trials when feasible, to confirm some of the still potential health benefits.
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   For centuries, olive oil has been recognised for its nutritional properties and has been associated with human health benefits, being considered by ancient Greeks as an ‘elixir of youth and health’(Reference Caramia1, Reference Covas, Konstantinidou and Fito2). Olive oil is an integral feature of the traditional Mediterranean diet, being the main source of dietary fat and contributing to a third to two-thirds of total vegetable fat(Reference Trichopoulou and Dilis3), where total fat can provide 25–35 % of total energy(Reference Willett, Sacks and Trichopoulou4, Reference Serra-Majem, Trichopoulou and de la Cruz5). In fact, the moderately high-fat content of the Mediterranean diet is what distinguishes it from other healthy dietary models(Reference Willett, Sacks and Trichopoulou4–Reference Trichopoulou and Lagiou6).
 Regular consumption of olive oil, within the context of the Mediterranean diet, has been related to a reduced risk of several chronic diseases, above all CVD(Reference Covas, Konstantinidou and Fito2, Reference Lopez-Miranda, Perez-Jimenez and Ros7–Reference Ruiz-Canela and Martinez-Gonzalez9). There is abundant experimental evidence outlining the biological mechanisms by which components of olive oil could exert these health benefits(Reference Covas, Konstantinidou and Fito2, Reference Lopez-Miranda, Perez-Jimenez and Ros7, Reference Visioli, Grande and Bogani10–Reference Perez-Martinez, Garcia-Rios and Delgado-Lista12). However, this experimental research needs to be supported by epidemiological studies set in populations characterised by regular long-term consumption of olive oil. Along these lines, epidemiological research into the relationship between olive oil and overall mortality, CVD, metabolic diseases, cancer and other chronic diseases has been accumulating over the last decade. Despite this, evidence on the role of olive oil in the primary prevention of these end points has been very limited until recently. In addition, much of the evidence has come from case–control studies, especially with respect to cancer(Reference Psaltopoulou, Kosti and Haidopoulos13, Reference Pelucchi, Bosetti and Negri14).
 Recently published results from the randomised controlled trials (RCT) such as the ‘Prevención con Dieta Mediterránea’ (PREDIMED)(Reference Ros, Martínez-González and Estruch15) and cohort studies such as the European Prospective Investigation into Cancer and Nutrition (EPIC)(Reference Buckland, Mayén and Agudo16–Reference Buckland, Travier and Barricarte18) have provided more solid epidemiological evidence on the health benefits of olive oil. Therefore, in the present study, the role of olive oil in disease prevention is reviewed with a particular focus on the recent epidemiological evidence from RCT and cohort studies, published until April 2014. This information is particulary relevant for nutritional researchers and the scientific community, whose conclusions about diet–health relationships need to be based on the results from high-quality epidemiological studies. RCT are able to overcome the many study limitations of observational studies, while well-designed cohort studies are also advantageous over case–control studies, which can be prone to recall and selection bias. Reviews of this nature are needed to update the present understanding of the potential role of olive oil in disease prevention.
 Mortality
 The first indirect evidence indicating that consuming olive oil, within the Mediterranean diet, might increase longevity orginated from the Seven Countries Study(Reference Keys, Menotti and Karvonen19), followed by the MONICA study(Reference Tunstall-Pedoe, Kuulasmaa and Mahonen20), which observed lower CHD incidence and mortality rates in Mediterranean countries compared with the USA or other European regions. These health benefits were attributed to their Mediterranean dietary pattern, which includes regular olive oil consumption. Since then, a meta-analysis of nine cohort studies found that there was a significant 8 % decreased risk of dying related to each 2-unit increase in a Mediterrnaean diet score(Reference Sofi, Abbate and Gensini21). In the EPIC-Spain cohort, there was a significant 21 % reduction in death associated with a high v. low relative Mediterranean diet score(Reference Buckland, Agudo and Travier22). In the EPIC-Italy cohort(Reference Masala, Ceroti and Pala23), the upper quartile of a dietary pattern including olive oil and salad significantly reduced mortality by 50 % (P trend= 0·008) in the elderly.
 Although olive oil is believed to play a key role in these health benefits(Reference Trichopoulou and Dilis3, Reference Lopez-Miranda, Perez-Jimenez and Ros7, Reference Hu24, Reference Serra-Majem, de la Cruz and Ribas25), there is relatively little direct epidemiological evidence on the individual effects of olive oil on overall mortality. The EPIC-Greece cohort study(Reference Trichopoulou, Costacou and Bamia26) followed-up initially healthy adults for a median of 44 months and reported a negative but non-significant 4 % reduction in overall mortality for each 20 g/d of olive oil. By contrast, an Italian clinical study (GISSI-Prevenzione trial), which was analysed as a cohort study, reported that regular olive oil consumption (compared with none or infrequent consumption) significantly reduced mortality risk by 24 % (P trend= 0·01) in men and women with previous myocardial infarction(Reference Barzi, Woodward and Marfisi27). The results from the GISSI-Prevenzione trial cannot be extrapolated to a healthy adult population though.
 However, recent results from the EPIC-Spain cohort have provided some of the clearest evidence to date that olive oil consumption, independent from the Mediterranean dietary pattern, is related to a reduction in overall mortality(Reference Buckland, Agudo and Travier22). Olive oil consumption was negatively related to overall and CVD mortality after following 40 622 initially healthy volunteers from Spain for 13·4 years (identifying 1915 deaths during this period). Compared with non-consumers (15 % of the sample), the top quartile of olive oil consumption (participants consuming over 24·9 g/8373·6 kJ (2000 kcal) per d) was associated with a 26 (95 % CI 13, 36) % decrease in overall mortality, and an impressive 44 (95 % CI 21, 60) % decrease in CVD mortality (Fig. 1(a) and (b)), after multivariate adjustment including components of the Mediterranean diet. No significant association was observed between olive oil and cancer mortality, but there was a strong inverse association for other causes of death that included respiratory, digestive and nervous system diseases (Fig. 1(c) and (d)). No differences were found while separately assessing the effect of virgin and ordinary olive oil on overall mortality. In summary, although the Mediterranean dietary pattern has been long recognised for increasing longevity, only recent epidemiological evidence (from cohort studies) has shown that high intakes of olive oil, independent from the Mediterranean dietary pattern, is related to reduced risk of dying by approximately 25 %.
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Fig. 1 The association between olive oil consumption (quartiles (Q) and per 10 g/d) and (a) overall mortality and cause-specific mortality ((b) CVD mortality, (c) cancer mortality and (d) other causes of mortality) in the European Prospective Investigation into Cancer and Nutrition Spanish cohort study.



 CVD
 Since the renowned Seven Countries Study by Keys et al. (Reference Keys, Menotti and Karvonen19, Reference Keys28), numerous subsequent epidemiological studies have now quite conclusively demonstrated that a Mediterranean diet including a regular intake of olive oil can prevent CVD(Reference Ruiz-Canela and Martinez-Gonzalez9, Reference Sofi, Abbate and Gensini21, Reference Estruch, Ros and Salas-Salvado29). A meta-analysis of eight prospective cohort studies(Reference Sofi, Abbate and Gensini21) reported that a two-point increment in a Mediterranean diet score was associated with a significant 10 (95 % CI 7, 13) % lower risk of CVD incidence or mortality (studies with both end points were included in the meta-analysis). It has been generally accepted that olive oil (particularly virgin and extra virgin) plays a key role in the Mediterranean diet's cardio-protective effect, attributed to its beneficial effects on many CVD risk factors, including blood pressure, lipid profiles, endothelial function, inflammation and thrombosis, and factors related to the metabolic syndrome (MetS)(Reference Lopez-Miranda, Perez-Jimenez and Ros7).
 Despite considerable evidence on the biological mechanisms involved(Reference Lopez-Miranda, Perez-Jimenez and Ros7, Reference Estruch30, Reference Covas, Konstantinidou and Fitó31), only up until recently have epidemiological studies provided direct evidence on the relationship between olive oil consumption and primary prevention of CVD(Reference Ruiz-Canela and Martinez-Gonzalez9, Reference Ros32). In 2012, the EPIC-Spain cohort study presented results on the association between olive oil intake and incident CHD from prospective data on 40 142 participants from Spain followed up for 10·4 years(Reference Buckland, Travier and Barricarte18) (with 587 CHD events registered). A negative association between olive oil intake and CHD was observed (HR 0·78 (95 % CI 0·59, 1·03) for the top v. the bottom quartile intake ( ≥ 28·9 v. < 10 g/d)). Moreover, there was a greater decreased risk of CHD events for consuming virgin compared with ordinary olive oil (HR 0·86 (95 % CI 0·72, 1·01) and HR 0·97 (95 % CI 0·91, 1·03) for each 10 g/8373·6 kJ (2000 kcal) per d increase, respectively) (Fig. 2). In addition, a study in the same EPIC-Spain population found that olive oil was related to a lower risk of CVD mortality, with a 44 (95 % CI 21, 60) % decreased risk for consumption in the top quartile compared with non-consumers(Reference Buckland, Mayén and Agudo16). Three-city study in France presented results on olive oil consumption and incident stroke events in 7625 participants, followed up for 5·25 years(Reference Samieri, Feart and Proust-Lima33). Compared with participants who never used olive oil (23 % of the cohort), those using it intensely (using olive oil for dressing and cooking, characteristic of 37 % of the cohort) had a 41 (95 % CI 6, 63) % reduced risk of stroke.
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Fig. 2 The association between olive oil and CHD in population subgroups in the European Prospective Investigation into Cancer and Nutrition Spanish cohort study.


 The Lyon Study, a randomised secondary prevention trial set in France(Reference de Lorgeril, Salen and Martin34), found a 50–70 % relative reduction in the risk of mortality or re-infarction in participants with a previous coronary event who followed the experimental ‘Mediterranean diet’, rich in α-linolenic acid. However, no special attention was given to promote olive oil consumption and the diet only had 12·9 % MUFA content, compared with 15–20 % MUFA characteristic of the Mediterranean diet. By contrast, the multi-centre Spanish PREDIMED trial(Reference Ros, Martínez-González and Estruch15, Reference Estruch, Ros and Salas-Salvado29) focused on primary prevention of CVD events and gave special emphasis to olive oil consumption within the Mediterranean diet; they randomly assigned 7447 elderly people with cardiovascular risk factors to either a Mediterranean diet supplemented with extra-virgin olive oil (1 litre/week, including a minimum of 50 ml/d for participants and the rest for family needs) or with mixed nuts or a control diet (with advice to reduce total fat). There were 288 primary CVD events recorded during the 4·8-year follow-up and a significant 30 (95 % CI 4, 46 %) % reduction in CVD events in the olive oil-consumed group compared with the control group(Reference Estruch, Ros and Salas-Salvado29).
 In summary, the clearest evidence on the health benefits of olive oil now relate to its cardio-protective role, with recent results from EPIC and above all from the PREDIMED trial, which has provided the strongest and most compelling evidence that olive oil within a Mediterranean diet can prevent primary CVD events.

 Diabetes, metabolic syndrome and obesity
 It is also becoming clear that consumption of olive oil within the Mediterranean diet can influence health outcomes such as type 2 diabetes mellitus, MetS and obesity(Reference Perez-Martinez, Garcia-Rios and Delgado-Lista12, Reference Esposito, Maiorino and Ceriello35, Reference Buckland, Bach and Serra-Majem36), all of which are CVD risk factors. The EPIC-Interact study, including 11 994 incident type 2 diabetes mellitus cases and a stratified sub-cohort of 15 798 participants, found that participants with a high compared with a low relative Mediterranean diet score were 12 (95 % CI 3, 21) % less likely to develop diabetes(Reference Romaguera, Guevara and Norat37). In further analyses, they found that olive oil was one of the key components involved in this protective effect. The SUN cohort also found that adherence to the Mediterranean diet was inversely related to incident diabetes(Reference Martinez-Gonzalez, de la Fuente-Arrillaga and Nunez-Cordoba38), and although no association was found with olive oil, the small number of diabetes cases (n 42) may have limited the study power. The clearest evidence that olive oil may prevent diabetes comes from PREDIMED study(Reference Salas-Salvado, Bullo and Babio39, Reference Salas-Salvado, Bullo and Estruch40), including 3541 patients at high CVD risk followed up for 4·1 years. The participants following a Mediterranean diet rich in extra-virgin olive oil had a 40 (95 % CI 15, 57) % reduced incidence of type 2 diabetes mellitus than the control group(Reference Salas-Salvado, Bullo and Estruch40). The PREDIMED also provided results showing that an olive oil-rich Mediterranean diet can improve glucose metabolism and reduce body weight(Reference Lasa, Miranda and Bullo41), factors intrinsically related to the onset of diabetes. Finally, there is scientific evidence that MUFA diets, especially based on olive oil, are an alternative approach to low-fat diets for effective nutritional treatment of diabetes(Reference Perez-Martinez, Garcia-Rios and Delgado-Lista12, Reference Bergouignan, Momken and Schoeller42).
 There is also increasing evidence suggesting that an olive oil-rich Mediterranean diet could help prevent diseases related to chronic inflammation(Reference Estruch30) and therefore be a useful tool in the lifestyle management of the MetS(Reference Perez-Martinez, Garcia-Rios and Delgado-Lista12). Several epidemiological studies have found that a Mediterranean diet including olive oil is associated with reduced risk of the individual components of MetS(Reference Babio, Bullo and Salas-Salvado43), and a few observational studies (i.e. ATTICA cross-sectional study(Reference Alvarez Leon, Henriquez and Serra-Majem44) and the SUN cohort(Reference Tortosa, Bes-Rastrollo and Sanchez-Villegas45)) have also found that it is related to the entire MetS(Reference Babio, Bullo and Salas-Salvado43). The PREDIMED olive oil-rich Mediterranean diet improved several aspects of MetS, including reductions in blood pressure and insulin resistance(Reference Estruch30) and improvements in dietary lipid profiles. Although after 1 year of the intervention, there was no significant difference in the reversion of MetS (61·4 % at baseline) between the olive oil-enriched group and the control group(Reference Ros, Martínez-González and Estruch15, Reference Salas-Salvado, Fernandez-Ballart and Ros46). However, the olive oil group showed significant increases in plasma oleic acid, which was beneficially associated with the incidence, reversion and prevalence of MetS(Reference Mayneris-Perxachs, Sala-Vila and Chisaguano47). The clinical dietary intervention trial by Esposito et al. (Reference Esposito, Marfella and Ciotola48) found that following a Mediterranean diet including olive oil did reduce prevalence of MetS and its CVD related risk factors.
 Finally, observational and dietary intervention trials consistently show that a Mediterranean diet rich in olive oil does not contribute to obesity and according to a systematic review published in 2008 including twenty-one epidemiological studies(Reference Buckland, Bach and Serra-Majem36) may actually help curb it. Since then, the EPIC-PANACEA cohort study(Reference Romaguera, Norat and Vergnaud49) showed that individuals with high adherence to a Mediterranean diet (including olive oil) were 10 % significantly less likely to develop overweight or obesity. The PREDIMED study has also shown that an olive oil-rich diet was effective in the prevention of weight gain(Reference Razquin, Martinez and Martinez-Gonzalez50). Despite these supportive results, there is little data on the role of olive oil, independent of the Mediterranean diet, in preventing or managing obesity. However, the relationship is plausible considering that the habitual use of olive oil in salad and vegetable dishes within the Mediterranean diet enhances palpability and consequentially consumption of these low-density foods. In addition, MUFA have been found to improve glucose metabolism and increase postprandial fat oxidation and diet-induced thermogenesis over diets higher in saturated fats(Reference Buckland, Bach and Serra-Majem36).
 In summary, consuming olive oil within the context of a Mediterranean diet may also serve to prevent diabetes, obesity and diseases related to chronic inflammation such as the MetS. However, research in this area is relatively new and more studies need to clarify the specific role of olive oil independent of the Mediterranean diet on these disease outcomes.

 Cancer
 There is mounting epidemiological research suggesting that olive oil might reduce the risk of certain cancers, and two recent systematic reviews published in 2011 have summarised the epidemiological research in this area(Reference Psaltopoulou, Kosti and Haidopoulos13, Reference Pelucchi, Bosetti and Negri14). The review by Psaltopoulou et al. (Reference Psaltopoulou, Kosti and Haidopoulos13) carried out a meta-analysis of nineteen case–control studies including 13 800 patients and 23 340 controls, with additional meta-analyses by cancer sites (breast, digestive and other). Participants in the highest compared with the lowest category of olive oil consumption were 34 (95 % CI 25, 41) % less likely to have any type of cancer. There was a significant inverse association irrespective of study setting (Mediterranean or non-Mediterranean). The review by Pelucchi et al. (Reference Pelucchi, Bosetti and Negri14) included twenty-five epidemiological studies (twenty-four case–control studies and one cohort study).
 Breast cancer
 The systematic review by Pelucchi et al. (Reference Pelucchi, Bosetti and Negri14) included six case–control studies on breast cancer, which reported inverse associations between olive oil and breast cancer but three were not significant. The pooled results of five of these six case–control studies (one was excluded due to lack of information on CI) resulted in a significant 38 (95 % CI 22, 56) % reduction in risk for a high olive oil intake. The only cohort study in this review, EPIC-Greece(Reference Trichopoulou, Bamia and Lagiou51) based on 14 807 women (240 incident breast cancer cases) with a 10-year follow-up, reported a negative but non-significant association: RR 0·93 (95 % CI 0·80, 1·08) overall and RR 0·85 (95 % CI 0·69, 1·06) for postmenopausal women for each 21 g/d of olive oil increment. A meta-analysis of five case–control studies by Psaltopoulou et al. (Reference Psaltopoulou, Kosti and Haidopoulos13) (including one different study from the meta-analysis by Pelucchi et al. (Reference Pelucchi, Bosetti and Negri14)) reported a significant 37 (95 % CI 11, 54) % lower likelihood of having breast cancer for a high compared with a low olive oil intake.
 Since these reviews were published, a prospective a study in the EPIC-MED cohort(Reference Buckland, Travier and Agudo17) has researched the effect of olive oil on breast cancer risk in women from Spain, Italy and Greece. This is the largest cohort study to date, including 62 284 postmenopausal women followed up for 9 years (including 1256 incident breast cancers) and a mean olive oil intake of 24·7 g/d. Although no association was found between olive oil intake and overall breast cancer, in analyses stratified by hormone receptor status, there was a more pronounced, albeit still non-significant, reduction in breast cancer risk in women with oestrogen- and progesterone receptor-negative tumours (HR 0·77 (95 % CI 0·84, 1·26)).

 Digestive system cancers
 The epidemiological research on olive oil and digestive system cancers is also based on case–control studies and largely drawn from Italian populations, with few studies on each separate site (stomach, colorectum and pancreas)(Reference Psaltopoulou, Kosti and Haidopoulos13, Reference Pelucchi, Bosetti and Negri14). Although there was a signficant negative association for colorectal cancer and olive oil intake in a large Italian case–control study including 1953 cases and 4154 controls(Reference Braga, La Vecchia and Franceschi52), the majority of the other studies have observed inverse boarderline or non-significant associations. A meta-analysis of eight case–control studies by Psaltopoulou et al. (Reference Psaltopoulou, Kosti and Haidopoulos13) reported a significant 30 (95 % CI 19, 39) % lower likelihood of having digestive system cancers (colorectal, oral cavity, pharynx and oesophagus, and pancreatic) for a high compared with low olive oil intake.

 Other cancer sites
 There are a number of case–control studies conducted in different European countries that have researched the link between upper aero-digestive tract cancers (including oral cavity, larynx, pharynx, nasopharynx and oesophagus) and olive oil(Reference Psaltopoulou, Kosti and Haidopoulos13, Reference Pelucchi, Bosetti and Negri14). Although there are few studies on each site, all the studies reported significant inverse associations, with risk reductions ranging from 22 to 74 % for the highest v. the lowest consumption. The evidence concerning other cancer sites is scarce, but includes case–control studies on lung, prostate, bladder and thyroid cancers with generally insignificant results (except for bladder)(Reference Buckland, Travier and Agudo17, Reference Trichopoulou, Bamia and Lagiou51). Therefore, it is difficult to draw any clear conclusions from this research.
 In summary, there is still a lack of definite evidence on the role of olive oil in preventing specific cancers, since studies are limited in number for many cancer sites, are often of suboptimal quality and the data are not entirely consistent. However, the most promising findings suggest that consuming olive oil may reduce risk of developing breast cancer and digestive system cancers.


 Biological mechanisms
 Olive oil's health benefits have been traditionally attributed to its high MUFA content, principally oleic acid that can provide 55–83 % of fatty acid content(Reference Covas, Konstantinidou and Fito2). However, olive oil is a functional food that in addition to its high oleic acid content contains many minor but highly bioactive compounds(Reference Perez-Jimenez, Ruano and Perez-Martinez8), which while only present in 1–2 % of oil weight include over 230 chemical compounds(Reference Ruiz-Canela and Martinez-Gonzalez9) (including tocopherols, squalene, fatty alcohols, triterpenic alcohols, plant sterols, polar pigments and hydrophilic compounds, principally polyphenols such as oleuropein and its metabolites hydroxytyrosol and tyrosol, which make up approximately 80 % of olive oil's phenolic content)(Reference Lopez-Miranda, Perez-Jimenez and Ros7). The phenolic compounds are predominantly present in virgin and extra-virgin olive oil when the olive juice is obtained purely by mechanically pressing the olives (many compounds, particularly polyphenols, are lost in the refining process used to produce ordinary or refined olive oil)(Reference Covas, Konstantinidou and Fito2, Reference Lopez-Miranda, Perez-Jimenez and Ros7, Reference Raederstorff53).
 While the specific mechanisms involved are not fully understood, nowadays it is widely accepted that they are numerous and complex and that the specific biological pathways may vary depending on the disease. In terms of cancer prevention, experimental in vivo and human in vitro studies have found that olive oil's components has several chemopreventive effects related to the initiation, promotion and progression of carcinogenesis(Reference Lopez-Miranda, Perez-Jimenez and Ros7), with biological mechanisms including squalene, oleanolic acid and polyphenol's antioxidant action, which can reduce cellular oxidative stress and DNA damage from reactive oxygen metabolites(Reference Warleta, Campos and Allouche54). Polyphenols, in particular hydroxytryosol and tryrosol, have been shown to have potent anti-inflammatory effects and may also influence cell proliferation, cell cycle progression, apoptosis and arachidonic acid metabolism in cancer cells(Reference Visioli and Bernardini11, Reference Corona, Spencer and Dessi55, Reference Miro-Casas, Covas and Fito56). In addition, specific compounds have been shown to have the potential to influence gene expression, such as oleic acid's ability to alter expression of certain oncogenes (Her-2/neu) associated with aggressive tumours in breast cancer(57, Reference Menendez, Vellon and Colomer58).
 The mechanistic pathways that support olive oil's cardio-protective role are probably the clearest although, with results from many experimental studies showing that olive oil consumption improves a number of important CHD risk factors(Reference Covas, Konstantinidou and Fito2, Reference Lopez-Miranda, Perez-Jimenez and Ros7, Reference Covas, Nyyssonen and Poulsen59, Reference Fito, Cladellas and de la60). In PREDIMED, extra-virgin olive oil improved blood pressure, glycaemic control in diabetics, endothelial function, oxidative stress and lipid profiles (decreasing TAG, increasing HDL and lowering total and LDL-cholesterol) and reduced concentrations of inflammatory markers such as C-reactive protein and IL-6(Reference Estruch, Martinez-Gonzalez and Corella61, Reference Carluccio, Massaro and Scoditti62). The EUROLIVE study (Effect of Olive Oil Consumption in European Populations), a large crossover multi-centre clinical trial, found that in vivo consumption of olive oil with different phenolic concentrations increased HDL, decreased total cholesterol and oxidative stress markers and decreased TAG levels in a dose-dependent manner(Reference Covas, Konstantinidou and Fito2, Reference Covas, Nyyssonen and Poulsen59). Olive oil's polyphenols have also been shown to inhibit LDL oxidation, platelet aggregation, apoprotein derivatisation(Reference Covas, Konstantinidou and Fito2, Reference Perez-Jimenez, Ruano and Perez-Martinez8, Reference Visioli and Galli63, Reference Visioli, Bellomo and Galli64). The use of olive oil may also help prevent obesity or curb weight gain because it increases consumption of salads and vegetable and legume dishes that are high in fibre and low in energy density resulting in greater satiation and sateity(Reference Buckland, Bach and Serra-Majem36).

 Research limitations
 Most of the epidemiological evidence on olive oil and health, apart from data on olive oil's role in preventing CVD and its risk factors, has come from observational studies that have inherent study limitations. For instance, olive oil consumption could be an indication of a healthier diet, in particular vegetable intake, as in Mediterranean countries it is used for dressing salads and cooking vegetable dishes. Olive oil might also be related to other healthy lifestyle behaviours, thus inverse associations in observational studies could be partly due to these related factors, as although many of the studies adjust for dietary and lifestyle factors, some residual confounding may remain and could lead to an overestimation of the health benefits of consuming olive oil. In addition, many studies explore the relationship between a Mediterranean diet rich in olive oil and health outcomes, but olive oil's exact contribution within the dietary pattern is not always clear. Many observational studies also lack information on the type of olive oil intake and are therefore unable to explore the possible added benefit of consuming virgin and extra-virgin olive oil, rich in polyphenols, compared with ordinary olive oil. Finally, the evidence on cancer is mainly based on case–control designs, which are affected by recall and selection bias and therefore are not the best design to assess diet–disease relationships. Further RCT are also needed because results from observational studies limit the interpretation of findings as directly causal.

 Conclusions and future research
 The accumulating epidemiological research indicates that consuming olive oil clearly protects against CVD and its risk factors and may also serve to prevent diabetes, obesity and diseases related to chronic inflammation such as the MetS. Olive oil may also have a protective role against certain cancers (in particular breast and digestive tract cancers) but since robust data are still lacking more and better quality epidemiological studies are needed, in particular well-designed cohort studies and if feasible RCT. Olive oil's role in preventing diabetes and MetS merits further research too. In addition, other possible health benefits of olive oil should also be explored, such as its potential role in preventing or delaying cognitive decline and dementia(Reference Berr, Portet and Carriere65, Reference Martinez-Lapiscina, Clavero and Toledo66). Future research is also needed to clarify whether olive oil's potential beneficial effect is due to the fact that it encourages the consumption of vegetables and is intrinsically linked to the Mediterranean diet or whether it is olive oil's bioactive components per se, and if these can be attributed to its MUFA content or other micro-components. Future studies should also differentiate between the health effects of consuming virgin or extra-virgin olive oil compared with ordinary olive oil. Identifying new biomarkers of olive oil intake would also be advantageous to overcome problems of measurement error in observational studies(Reference Sotiroudis and Kyrtopoulos67, Reference Spencer, Abd El Mohsen and Minihane68), as accurately quantifying the amount of olive oil consumed is challenging since it is used in preparation of many cooked dishes and is added to salads and vegetables dishes. The most commonly used biomarkers are two metabolites, hydroxytyrosol and tyrosol, which can be measured in human plasma and urine with a good dose–response(Reference Miro-Casas, Covas and Fito56). However, they have a short elimination half-life and hydroxytyrosol reaches the limit for quantification in plasma after approximately 8 h(Reference Miro-Casas, Covas and Farre69), which is a constraint for many observational studies that often take morning fasting blood samples where these metabolites would not be detectable anymore.
 In conclusion, research in this area shows that there are many health benefits from regularly consuming olive oil, particularly with regard to the primary prevention of CVD. However, more high-quality studies are necessary to obtain more conclusive and complete evidence regarding its role in preventing certain cancers, to clarify the specific role of olive oil consumption independent of the Mediterranean diet for metabolism-related disorders and obesity, and finally to research olive oil's possible beneficial influence on other health outcomes such as neurodegenerative disorders.
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 Fig. 1 The association between olive oil consumption (quartiles (Q) and per 10 g/d) and (a) overall mortality and cause-specific mortality ((b) CVD mortality, (c) cancer mortality and (d) other causes of mortality) in the European Prospective Investigation into Cancer and Nutrition Spanish cohort study.
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 Fig. 2 The association between olive oil and CHD in population subgroups in the European Prospective Investigation into Cancer and Nutrition Spanish cohort study.

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	108
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
108




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Hoffman, Richard
and
Gerber, Mariette
2015.
Food Processing and the Mediterranean Diet.
Nutrients,
Vol. 7,
Issue. 9,
p.
7925.


	CrossRef
	Google Scholar






Gerber, Mariette
2016.
L’huile d’olive, des bénéfices reconnus.
Pratiques en nutrition,
Vol. 12,
Issue. 47,
p.
13.


	CrossRef
	Google Scholar






D'Amore, Simona
Vacca, Michele
Cariello, Marica
Graziano, Giusi
D'Orazio, Andria
Salvia, Roberto
Sasso, Rosa Cinzia
Sabbà, Carlo
Palasciano, Giuseppe
and
Moschetta, Antonio
2016.
Genes and miRNA expression signatures in peripheral blood mononuclear cells in healthy subjects and patients with metabolic syndrome after acute intake of extra virgin olive oil.
Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids,
Vol. 1861,
Issue. 11,
p.
1671.


	CrossRef
	Google Scholar






Zhao, Jing
Lyu, Chen
Gao, Jian
Du, Li
Shan, Boer
Zhang, Hong
Wang, Hua-Ying
and
Gao, Ying
2016.
Dietary fat intake and endometrial cancer risk.
Medicine,
Vol. 95,
Issue. 27,
p.
e4121.


	CrossRef
	Google Scholar






Alagna, Fiammetta
Geu-Flores, Fernando
Kries, Hajo
Panara, Francesco
Baldoni, Luciana
O'Connor, Sarah E.
and
Osbourn, Anne
2016.
Identification and Characterization of the Iridoid Synthase Involved in Oleuropein Biosynthesis in Olive (Olea europaea) Fruits.
Journal of Biological Chemistry,
Vol. 291,
Issue. 11,
p.
5542.


	CrossRef
	Google Scholar






Banks, Leah D.
Amoah, Priscilla
Niaz, Mohammad S.
Washington, Mary K.
Adunyah, Samuel E.
and
Ramesh, Aramandla
2016.
Olive oil prevents benzo(a)pyrene [B(a)P]-induced colon carcinogenesis through altered B(a)P metabolism and decreased oxidative damage in ApcMin mouse model.
The Journal of Nutritional Biochemistry,
Vol. 28,
Issue. ,
p.
37.


	CrossRef
	Google Scholar






Kitsati, Natalia
Mantzaris, Michalis D.
and
Galaris, Dimitrios
2016.
Hydroxytyrosol inhibits hydrogen peroxide-induced apoptotic signaling via labile iron chelation.
Redox Biology,
Vol. 10,
Issue. ,
p.
233.


	CrossRef
	Google Scholar






Ferreiro-González, Marta
Barbero, Gerardo F.
Álvarez, José A.
Ruiz, Antonio
Palma, Miguel
and
Ayuso, Jesús
2017.
Authentication of virgin olive oil by a novel curve resolution approach combined with visible spectroscopy.
Food Chemistry,
Vol. 220,
Issue. ,
p.
331.


	CrossRef
	Google Scholar






Rohman, Abdul
Che Man, Yaakob bin
Ismail, Amin
and
Hashim, Puziah
2017.
FTIR spectroscopy coupled with chemometrics of multivariate calibration and discriminant analysis for authentication of extra virgin olive oil.
International Journal of Food Properties,
Vol. 20,
Issue. sup1,
p.
S1173.


	CrossRef
	Google Scholar






Friel, Howard
and
Frautschy, Sally
2017.
A Paradigm Shift to Prevent and Treat Alzheimer's Disease.
p.
17.


	CrossRef
	Google Scholar






Lieb, Veronika M.
Kerfers, Margarete R.
Kronmüller, Amrei
Esquivel, Patricia
Alvarado, Amancio
Jiménez, Víctor M.
Schmarr, Hans-Georg
Carle, Reinhold
Schweiggert, Ralf M.
and
Steingass, Christof B.
2017.
Characterization of Mesocarp and Kernel Lipids from Elaeis guineensis Jacq., Elaeis oleifera [Kunth] Cortés, and Their Interspecific Hybrids.
Journal of Agricultural and Food Chemistry,
Vol. 65,
Issue. 18,
p.
3617.


	CrossRef
	Google Scholar






Leone, Alessandro
Battezzati, Alberto
De Amicis, Ramona
De Carlo, Giulia
and
Bertoli, Simona
2017.
Trends of Adherence to the Mediterranean Dietary Pattern in Northern Italy from 2010 to 2016.
Nutrients,
Vol. 9,
Issue. 7,
p.
734.


	CrossRef
	Google Scholar






Delisi, Riccardo
Pagliaro, Mario
Saiano, Filippo
and
Ciriminna, Rosaria
2017.
C18 alkyl-modified silica: A suitable tool for olive biophenol green extraction.
Chemical Data Collections,
Vol. 7-8,
Issue. ,
p.
102.


	CrossRef
	Google Scholar






Cecchi, Lorenzo
Innocenti, Marzia
Melani, Fabrizio
Migliorini, Marzia
Conte, Lanfranco
and
Mulinacci, Nadia
2017.
New isobaric lignans from Refined Olive Oils as quality markers for Virgin Olive Oils.
Food Chemistry,
Vol. 219,
Issue. ,
p.
148.


	CrossRef
	Google Scholar






Valenzuela, Rodrigo
Illesca, Paola
Echeverría, Francisca
Espinosa, Alejandra
Rincón-Cervera, Miguel Ángel
Ortiz, Macarena
Hernandez-Rodas, María Catalina
Valenzuela, Alfonso
and
Videla, Luis A.
2017.
Molecular adaptations underlying the beneficial effects of hydroxytyrosol in the pathogenic alterations induced by a high-fat diet in mouse liver: PPAR-α and Nrf2 activation, and NF-κB down-regulation.
Food & Function,
Vol. 8,
Issue. 4,
p.
1526.


	CrossRef
	Google Scholar






Piana, Natalia
Ranucci, Claudia
Buratta, Livia
Foglia, Elena
Fabi, Marta
Novelli, Francesca
Casucci, Simone
Reginato, Elisa
Pippi, Roberto
Aiello, Cristina
Leonardi, Alessia
Romani, Giannermete
De Feo, Pierpaolo
and
Mazzeschi, Claudia
2017.
An innovative school-based intervention to promote healthy lifestyles.
Health Education Journal,
Vol. 76,
Issue. 6,
p.
716.


	CrossRef
	Google Scholar






Comunian, R.
Ferrocino, I.
Paba, A.
Daga, E.
Campus, M.
Di Salvo, R.
Cauli, E.
Piras, F.
Zurru, R.
and
Cocolin, L.
2017.
Evolution of microbiota during spontaneous and inoculated Tonda di Cagliari table olives fermentation and impact on sensory characteristics.
LWT,
Vol. 84,
Issue. ,
p.
64.


	CrossRef
	Google Scholar






Agrawal, Karan
Melliou, Eleni
Li, Xueqi
Pedersen, Theresa L.
Wang, Selina C.
Magiatis, Prokopios
Newman, John W.
and
Holt, Roberta R.
2017.
Oleocanthal-rich extra virgin olive oil demonstrates acute anti-platelet effects in healthy men in a randomized trial.
Journal of Functional Foods,
Vol. 36,
Issue. ,
p.
84.


	CrossRef
	Google Scholar






Buckland, Genevieve
Pastor, Antoni
Lujan‐Barroso, Leila
Gonzalez, Carlos Alberto
Travier, Noemie
Amiano, Pilar
Huerta, José María
Agudo, Antonio
Navarro, Carmen
Chirlaque, María Dolores
Sánchez, Maria‐José
Rodríguez‐Barranco, Miguel
Barricarte, Aurelio
Ardanaz, Eva
Dorronsoro, Miren
Molinuevo, Amaia
Quirós, José Ramón
and
de la Torre, Rafael
2017.
Determination of oleanolic acid in human plasma and its association with olive oil intake in healthy Spanish adults within the EPIC Spain cohort study.
Molecular Nutrition & Food Research,
Vol. 61,
Issue. 8,


	CrossRef
	Google Scholar






Shamshoum, Hesham
Vlavcheski, Filip
and
Tsiani, Evangelia
2017.
Anticancer effects of oleuropein.
BioFactors,
Vol. 43,
Issue. 4,
p.
517.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








The role of olive oil in disease prevention: a focus on the recent epidemiological evidence from cohort studies and dietary intervention trials








	Volume 113, Issue S2
	
Genevieve Buckland (a1) and Carlos A. Gonzalez (a1)

	DOI: https://doi.org/10.1017/S0007114514003936





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





The role of olive oil in disease prevention: a focus on the recent epidemiological evidence from cohort studies and dietary intervention trials








	Volume 113, Issue S2
	
Genevieve Buckland (a1) and Carlos A. Gonzalez (a1)

	DOI: https://doi.org/10.1017/S0007114514003936





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





The role of olive oil in disease prevention: a focus on the recent epidemiological evidence from cohort studies and dietary intervention trials








	Volume 113, Issue S2
	
Genevieve Buckland (a1) and Carlos A. Gonzalez (a1)

	DOI: https://doi.org/10.1017/S0007114514003936





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















