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Abstract: The consumption of dietary fats, which occur naturally in various foods, poses important
impacts on health. The aim of this study was to elucidate the association of exclusive use of olive
oil for culinary purposes with successful aging in adults aged >50 years old and residing in Greece.
Use of olive oil in food preparation and bio-clinical characteristics of the Greek participants enrolled
in the ATTICA (n = 1128 adults from Athens metropolitan area) and the MEDiterranean Islands Study
(MEDIS) (n = 2221 adults from various Greek islands and Mani) studies, were investigated in relation
to successful aging (SA). Participants were divided into the following three categories: (a) no olive oil
consumption; (b) combined consumption of olive oil and other dietary fats; and (c) exclusive olive oil
consumption. The SA was measured using the previously validated successful aging index (SAI).
After adjusting for age, sex, and smoking habits, combined consumption of olive oil and other fats
(vs. no olive oil use) was not significantly associated with SAI levels (p = 0.114). However, exclusive
olive oil intake (vs. no use of olive oil) was significantly associated with SAI (p = 0.001), particularly
among those aged older than 70 years. Therefore, the exclusive consumption of olive oil, as opposed
to either combined or no olive oil consumption, beneficially impacts successful aging, particularly
among individuals over 70 years of age. Primary public health prevention strategies should seek
to encourage the enhanced adoption of such dietary practices in order to promote healthy aging
and longevity.
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1. Introduction

Dietary fats occur naturally in various foods and their excessive consumption negatively impacts
human health; dietary fat consumption can confer benefits, albeit also adverse effects concerning
the onset and progression of several nutrition-related chronic diseases [1]. The use of fats of either
plant or animal origin is embedded in practically every food culture as fats provide energy and lipid
soluble vitamins, facilitate food preservation, and greatly contribute to food’s sensorial characteristics.
Amongst dietary fats, the consumption of plant oils is considered to render the greatest health benefits
as they contain a higher proportion of unsaturated fatty acids compared to animal fats [2]. Thus, plant
oils are a vital and beneficial source of energy. The most commonly consumed types of plant oils
include palm, soybean, canola, sunflower-seed, and, most prominently, olive oil [3].

Olive oil in particular is an essential component of the Mediterranean diet and its frequent
consumption is associated with a multitude of health benefits [4], including the deterrence of
cardiovascular diseases [5], diabetes mellitus [6], metabolic syndrome [7], and several types of
cancers [8]. Therefore, the differential impact of olive oil consumption, as compared to the ingestion of
other plant oils, has been gaining increasing interest. A relatively recent meta-analysis of 32 cohorts
(n = 841,211) demonstrated that the higher consumption of monounsaturated fatty acids (highest
vs. lowest third) is associated with lower cardiovascular mortality (relative risk (R.R.): 0.88, 95% CI:
0.80–0.96), stroke (R.R.: 0.83, 95% CI: 0.71–0.97), and all-cause mortality (R.R.: 0.89, 95% CI: 0.83–0.96).
It is noteworthy, though, that subgroup analyses revealed that these effects were attributed primarily
to olive oil consumption, and not to the combined consumption of monounsaturated fatty acids arising
from both plant and animal origins [9]. In addition, preliminary findings reveal that the frequent
consumption of olive oil may also beneficially impact the aging process [10,11].

Aging is a multifactorial process involving different alterations regarded as the "hallmarks of
aging". These hallmarks include genomic instability, telomere attrition, epigenetic alterations, loss of
proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell
exhaustion, and altered intracellular communication [12]. These hallmarks are influenced by olive oil
intake, among other factors. Specifically, several of such effects may be accounted for by oleic acid (a
main constituent of olive oil) and the bioactivity of its minor compounds (such as polyphenols), which
as a result of their ability to modulate gene expression, may affect cellular aging through both direct
and indirect mechanisms. In fact, one of the major phenol classes present in olive oil, secoiridoids,
exhibits the capacity to modulate several pathways entailed in aging. These beneficial effects have
been observed in both in vitro and in vivo animal models [13] as well as in human studies, revealing
the potential beneficial effects of olive oil intake on the aging process [12].

Although olive oil and its compounds have beneficial effects on aging at the cellular level, there is
still a lack of evidence regarding the role of olive oil in the concept of successful aging at a human level.
Thus, the aim of this study was to elucidate the association of exclusive consumption of olive oil with
successful aging, in people over the age of 50—a period of subtle changes in the human body—living
in Greece.

2. Materials and Methods

The data from two cross-sectional, population-based, large-scale epidemiologic studies (namely
the ATTICA [14] and the MEDIS (MEDiterranean Islands Study) [15] studies), conducted in Greece,
were combined for the purposes of the present investigation.
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2.1. Study Sample

Data from both the ATTICA and the MEDIS studies included the information collected from adults
aged over 50 years living in urban and insular Greek areas. The ATTICA study was a population-based
observational study implemented in the greater metropolitan Athens area in Greece during 2001–2002.
The main aims of this study were to investigate the prevalence of cardiovascular disease risk factors,
potential predictor factors of cardiovascular disease (CVD), and the 10-year (2002–2012) incidence
of the disease [14]. At baseline, all participants were free of CVD and cancer, as assessed through
a detailed clinical evaluation by the study’s physicians. From the original sample aged >18 years
(n = 2583), a sub-group of n = 1128 individuals aged >50 years old were analyzed for the purposes
of the present work. Additionally, approximately 3000 older people from Mani (Greek peninsula
region) and 26 Mediterranean islands of 5 countries were enrolled during 2005–2017 (MEDIS study).
Individuals who resided in assisted-living centers, had a clinical history of CVD or cancer, or had
left the island for a considerable period of time during their life (i.e., >5 years) were excluded.
From the n = 3138 participants over 50 years old living in the insular Mediterranean region, of the
MEDIS study, a sub-group of n = 2221 individuals from 20 Greek islands only were analyzed in this
work. More information about the MEDIS study may be found elsewhere [15]. In both studies, a
group of health scientists (cardiologists, general practitioners, physicians, dietitians, public health
nutritionists, and nurses) with field experience collected all required information using standard,
validated questionnaires and clinical procedures.

2.2. Bioethics

The ATTICA study was approved by the Bioethics Committee of Athens Medical School and was
carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association.
The MEDIS study followed the ethical recommendations of the World Medical Association (52nd
WMA General Assembly, Edinburgh, Scotland, October 2000). The Institutional Ethics Board of
Harokopio University approved the study design (16/19-12-2006). In both studies, participants were
informed about the aims and procedures of the study and provided written informed consent prior to
their enrollment.

2.3. Measurements

2.3.1. Sociodemographic Data

The sociodemographic characteristics used in this study included age (years), gender
(male/female), and smoking status. Current smokers were defined as those who smoked at least one
cigarette or any type of tobacco per day at the time of the interview. Former smokers were defined as
those who previously smoked but had quit within the previous year. Current and former smokers
were combined as ever smokers. The remaining participants were defined as nonsmokers.

2.3.2. Physical Activity Levels

Physical activity was evaluated in metabolic equivalent (MET)-minutes per week, using the
shortened, translated, and validated in Greek version of the self-reported International Physical
Activity Questionnaire (IPAQ) [16]. Those who reported at least 3 MET-minutes per week were
classified as physically active. All others were defined as physically inactive.

2.3.3. Anthropometric and Clinical Characteristics

In both studies, weight and height were measured using standard procedures to attain the
volunteer’s body mass index (BMI) (kg/m2). Overweight was defined as BMI between 25.0 and
29.9 kg/m2, while obesity was defined as BMI >29.9 kg/m2. Waist circumference was measured
in the middle between the lowest rib and the iliac crest, using an inelastic measuring tape, to the
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nearest 0.5 cm. Waist-to-hip ratio was also calculated. Type 2 diabetes mellitus was determined
by measuring fasting plasma glucose in accordance with the American Diabetes Association
diagnostic criteria (fasting blood glucose >126 mg/dL or use of antidiabetic medication). Participants
who had blood pressure levels >140/90 mmHg or who used antihypertensive medications were
classified as hypertensive. Fasting blood lipid levels (including high-density lipoprotein-cholesterol
(HDL), low-density lipoprotein-cholesterol (LDL), and triglycerides (TG)) were also recorded.
Hypercholesterolemia was defined as total serum cholesterol levels >200 mg/dL or the use of
lipid-lowering agents, according to the National Cholesterol Education Program Adult Treatment
Panel III guidelines [17]. The coefficient of variation for the blood measurements was less than 5%.
A cumulative variable (range 0–4) indicating the overall burden of known cardiometabolic risk factors
(i.e., obesity and history of hypertension, type 2 diabetes, and hypercholesterolemia) was developed;
participants having none of the aforementioned risk factors received a score of 0, having one factor a
score of 1, etc.

2.3.4. Dietary Habits Assessment

Among ATTICA study participants, the evaluation of dietary habits was based on a
semi-quantitative food-frequency questionnaire (FFQ), originally developed for the European
Prospective Investigation into Cancer and Nutrition (EPIC) study [18]. The Greek version of the
EPIC questionnaire was provided by the Unit of Nutrition of Athens Medical School, after being
translated according to standard literature guidelines [19]. All participants were asked to report
the average intake (per week or day) of several food items that they had consumed (during the last
12 months). Similar to the ATTICA study, dietary habits in the MEDIS study were assessed through a
semi-quantitative, validated, and reproducible FFQ [20].

The participants were divided into the following three categories based on the type of dietary fats
(raw or cooked) consumed: (a) “No culinary use of olive oil”, defined as consumption of other types of
dietary fats, but not olive oil; (b) “Non-exclusive culinary use of olive oil”, defined as the combined
consumption of all types of dietary fats; and (c) “Exclusive culinary use of olive oil”, defined as sole
consumption of olive oil without examining the specific type of olive oil, e.g., extra-virgin, virgin,
or refined olive oil, in any of the three aforementioned groups.

2.3.5. Successful Aging Index

Successful aging index (SAI), with potential scores ranging from 0 to 10, previously developed
and validated, was employed to evaluate aging for both ATTICA and MEDIS study participants [15].
The full index encompasses health-related social, lifestyle, and clinical factors, including education,
financial status, physical activity, BMI, depression, participation in social activities with friends
and family, number of yearly excursions, total number of clinical CVD risk factors (i.e., history of
hypertension, diabetes, hypercholesterolemia, obesity), and level of adherence to the Mediterranean
diet [15].

2.3.6. Statistical Analysis

Continuous variables were presented as mean ± standard deviation (SD) and categorical variables
as frequencies. Associations between continuous variables and group of participants were evaluated
with analyses of variance (ANOVA). To correct for the inflation of Type-I errors in multiple comparisons,
Bonferroni’s correction was applied. Associations between categorical variables were tested using
the calculation of Pearson’s chi-squared test. The association between age and type of consumed oil
was tested with Pearson’s correlation coefficient. Linear regression models were used to evaluate
the association between categories of dietary oil consumption (namely no use of olive oil versus
(a) combined consumption of olive oil and other dietary fats or (b) exclusive consumption of olive
oil) and participants’ characteristics (i.e., age, gender, and smoking habits) and the SAI (dependent
outcome). Results were presented as unstandardized beta coefficients ± standard error and p-value.
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The STATA software, version 14 (MP & Associated, Sparta, Greece) was used for all statistical analyses.
A two-sided p < 0.05 was applied as the criterion of significance.

3. Results

In Table 1 basic socio-demographic, lifestyle, and clinical characteristics of the participants
based on the type of oil are presented. Exclusive culinary olive oil users were more likely to be
older (p < 0.001), male (p < 0.001), physically active (p < 0.001), and to have higher adherence to the
Mediterranean diet (p < 0.001), and they were less likely to have hypertension (p = 0.001) compared to
non-culinary users of olive oil and/or non-exclusive users.

Moreover, type of oil consumption was directly correlated with age (r = 0.15, p < 0.001); therefore,
a stratified analysis based on the median value of participants’ ages was applied. Participants were
divided into two categories, namely one including those aged 50–70 years as compared to those aged
≥70 years old. Table 2 shows that among those aged 50–70 years old, exclusive culinary olive oil
users were more likely to be physically active (p < 0.001), to have higher levels of adherence to the
Mediterranean diet (p < 0.001), and less likely to have hypertension (p = 0.001). Accordingly, among
those aged ≥70 years, exclusive culinary olive oil users were more likely to be physically active
(p < 0.001), smokers (p = 0.002), to have higher level of adherence to the Mediterranean diet (p < 0.001)
and higher levels of SAI (p < 0.001), and they were less likely to have hypertension (p = 0.01).

After adjusting for age, gender, and smoking habits, the “Non-exclusive culinary use of olive oil”
category in comparison to the “No culinary use of olive oil” category was not significantly associated
with SAI levels (p = 0.114); only “Exclusive culinary use of olive oil” vs. “No culinary use of olive oil”
was significantly associated with SAI (p = 0.001) (Table 3). For individuals older than 70 years, there
was a positive relationship between “Exclusive culinary use of olive oil” (vs. “No culinary use of olive
oil”) and beneficial SAI levels (b ± SE: 0.38 ± 0.15, p = 0.01), meaning that people older than 70 years
old who consumed exclusively olive oil had higher SAI levels compared to those without any culinary
use of olive oil; no significant association was observed for individuals in the 50–70 years old category
(p = 0.51). It is noteworthy that “Non-exclusive culinary use of olive oil” (vs. “No culinary use of olive
oil”) was not significantly associated with SAI levels either in the overall study sample or among the
aforementioned age-specific strata (All p > 0.05).
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Table 1. Socio-demographic, lifestyle, and clinical characteristics of the participants based on All and the category type of dietary fat consumption.

All Participants
(n = 3349)

No Culinary
Use of Olive
Oil (n = 510)

Non-Exclusive
Culinary Use of Olive

Oil (n = 1687)

Exclusive Culinary
Use of Olive Oil

(n = 1152)

p 0 p 1 p 2 p 3

Age (years) 69 ± 10 71 ± 9 67 ± 10 73 ± 9 <0.001 <0.001 <0.001 <0.001
Male (%) 52 50 49 59 <0.001 1.000 <0.001 0.003

Ever smokers (% yes) 43 37 44 43 0.030 0.028 1.000 0.076
Physically active (% active) 41 34 36 53 <0.001 1.000 <0.001 <0.001

BMI (kg/m2) 28.1 ± 4.4 28.5 ± 3.9 28.2 ± 4.6 27.8 ± 4.4 0.017 0.585 0.127 0.022
Hypertension (% yes) 57 89 89 79 0.001 1.000 <0.001 <0.001

Diabetes (% yes) 21 25 21 20 0.080 0.075 1.000 0.252
Hypercholesterolemia (% yes) 53 46 57 48 <0.001 <0.001 <0.001 1.000

CVD risk factors (0–4) 1.6 ± 1.0 1.5 ± 1.1 1.6 ± 1.0 1.5 ± 1.0 0.038 0.057 0.281 <0.001
MedDietScore (0–55) 29 ± 7.1 27 ± 6.8 27 ± 7.4 32 ± 5.4 <0.001 1.000 <0.001 <0.001

SAI (0–10) 3.0 ± 1.2 2.9 ± 1.3 3.0 ± 1.0 3.1 ± 1.4 0.064 0.581 0.335 0.093

Data are presented as mean values and SD or frequencies. p-values derived from analysis of variance (ANOVA) for continuous variables or the chi-square test for the categorical variables.
p 0: comparisons between groups; p 1 : comparisons between “No culinary use of olive oil” and “Non-exclusive culinary use of olive oil”; p 2: comparisons between “Non-exclusive
culinary use of olive oil” and “Exclusive culinary use of olive oil”; p 3: comparisons between “Exclusive culinary use of olive oil” and “No culinary use of olive oil”; after correcting for the
inflation of Type-I error with the Bonferroni rule. BMI is body mass index, CVD is cardiovascular disease, SAI is successful aging index.

Table 2. Clinical and lifestyle characteristics of the participants, by age and type of culinary fat.

50–70 Years Old ≥70 Years Old

Overall
(n = 1707)

No Culinary
Use of Olive
Oil (n = 235)

Non-Exclusive
Culinary Use
of Olive Oil

(n = 1017)

Exclusive
Culinary Use
of Olive Oil

(n = 455)

Overall
(n = 1642)

No Culinary
Use of Olive
Oil (n = 275)

Non-Exclusive
Culinary Use
of Olive Oil

(n = 670)

Exclusive
Culinary Use
of Olive Oil

(n = 697)

p 0 p 1 p 2 p 3

Male (%) 50 51 50 52 54 49 × 47 × 63 *,† 0.025 0.657 0.288 <0.001
Ever smokers (% yes) 49 44 52 *,× 44 † 36 32 × 32 × 43 *,† <0.001 0.006 <0.001 0.583

Physically active (% active) 41 32 × 38 × 52 *,† 42 35 × 33 × 53 *,† 0.698 0.405 0.015 0.659
BMI (kg/m2) 28 ± 4.6 29 ± 3.9 28 ± 4.7 28 ± 4.5 28 ± 4.3 28 ± 3.8 28 ± 4.4 28 ± 4.3 0.420 0.293 0.624 0.368

Hypertension (% yes) 80 85 × 84 × 69 *,† 91 92 × 96 × 86 *,† <0.001 0.052 <0.001 <0.001
Diabetes (% yes) 17 21 15 17 25 28 27 23 <0.001 0.052 <0.001 0.015

Hypercholesterolemia (% yes) 54 42 † 59 *,× 48 † 51 51 54 48 0.084 0.048 0.025 0.915
CVD risk factors (0–4) 1.5 ± 1.1 1.3 ± 1.1 † 1.5 ± 1.0 * 1.4 ± 1.1 1.7 ± 1.1 1.7 ± 1.1 1.8 ± 1.1 × 1.7 ± 1.0 † <0.001 <0.001 <0.001 <0.001
MedDietScore (0–55) 28 ± 7.1 26 ± 6.4 × 26 ± 6.8 × 32 ± 5.8 *,† 30 ± 6.8 28.4 ± 6.8 × 29 ± 7.9 × 32 ± 5.1 *,† <0.001 <0.001 <0.001 0.867

SAI (0–10) 3.4 ± 1.1 3.3 ± 1.1 3.3 ± 0.9 3.4 ± 1.4 2.7 ± 1.3 2.3 ± 1.4 × 2.6 ± 1.0 × 3.0 ± 1.4 *,† <0.001 <0.001 <0.001 <0.001

Values are presented as percent (%) or mean ± standard deviation. p 0: between 50–70 years old and over 70 years old comparisons, p 1: between 50–70 and over 70 for “No culinary use of
olive oil” category, p 2: between 50–70 and over 70 for “Non-exclusive culinary use of olive oil” category, p 3: between 50–70 years old and over 70 years old for “Exclusive culinary use of
olive oil” category, BMI = body mass index; SAI = successful aging index. p-values derived from Pearson’s chi-square test for categorical variables and from Pearson’s t-test for continuous
variables. * p-value < 0.05 for the comparisons vs. “No culinary use of olive oil” category; † p-value < 0.05 for the comparisons vs. “Non-exclusive culinary use of olive oil” category and
× p-value < 0.05 for the comparisons vs. “Exclusive culinary use of olive oil” category; after correcting for the inflation of Type-I error with the Bonferroni rule.
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Table 3. Results from linear regression models (b ± SE) that evaluated the association between
(a) “Non-exclusive culinary use of olive oil” category vs. “No culinary use of olive oil” category
(independent variable) or (b) “Exclusive culinary use of olive oil” category vs. “No culinary use of
olive oil” category (independent variable), and successful aging index (dependent outcome).

Successful Aging Index

b ± SE p

Non-exclusive culinary use of olive oil vs. no culinary use of olive oil

Overall sample * 0.09 ± 0.06 0.114
50–70 years ** 0.04 ± 0.07 0.570
≥70 years ** 0.21 ± 0.12 0.093

Exclusive culinary use of olive oil vs. no culinary use of olive oil

Overall sample * 0.33 ± 0.09 0.001
50–70 years ** 0.08 ± 0.12 0.505
≥70 years ** 0.38 ± 0.15 0.013

b: unstandardized B-coefficient, SE: Standard Error; * Adjusted for age, sex, smoking habits; ** Adjusted for sex and
smoking habits.

4. Discussion

The present pooled analysis of two large-scale population-based studies conducted in Greece
assessed the impact of olive oil consumption, as a dietary fat in the preparation and cooking of
foods, on successful aging. The main study findings reveal that, following adjustment for potential
confounding factors including age, sex, and smoking, participants in the “Exclusive culinary use of
olive oil” category, defined as the sole consumption of olive oil for food preparation and cooking,
were significantly associated with successful aging. The observed beneficial effects were most
prominent among individuals aged older than 70 years old. It is noteworthy that combined use
of olive oil with other dietary fats during cooking did not exhibit a notable impact on successful aging.
Therefore, the exclusive use of olive oil in the preparation and cooking of foods may enhance healthy
aging, particularly among the elderly.

One of the potential pathways for explicating the association between exclusive olive oil intake
and successful aging can be described via the free radical theory of aging. According to this theory,
free radical formation and accumulation can cause damage to biological tissues, leading to the
accelerated aging phenotype. However, olive oil is able to reduce free radical production at the
mitochondrial level compared to other oils such as the ones rich in polyunsaturated fatty acids [21].
Finally, monounsaturated fatty acids, such as those of olive oil, are positively correlated with longevity,
as well as diminishment of age-related morbidities (e.g., cognitive deficits) [21,22]. Within this context,
the findings of this study further support the free radical theory of aging (from the epidemiological
perspective), exhibiting that higher olive oil intake is associated with successful aging. In addition,
similar findings were reported in the previous study of centenarians in Sicily, where participants were
most likely to report, among other health promoting factors, high intake of olive oil [23]. Another
potential pathway promoting the present findings could be the fact that due to olive oil’s qualities,
its habitual use enhances palatability and facilitates a high intake of vegetables [24]. It is found that
fruits and vegetables and their antioxidant compounds seem to have beneficial effects in the healthy
aging metric [25].

Moreover, it should be noted that olive oil phenols, such as tyrosol, hydroxytyrosol, and
oleocanthal, and other important bioactive compounds could be partially responsible for the positive
association between olive oil consumption and successful aging. Bioactive compounds of olive
oil, e.g., hydroxytyrosol, oleuropein, and tyrosol, have antioxidant and antimicrobial effects [26].
Nutritional attributes vary depending on the different types and sub-types of olive oil. Olive oil’s
antioxidant content exhibits a vital role for most of its biological activities, while oleic acid, squalene,
and terpenoids have antitumor effects [27]. Based on the review of Giovannelli, it is suggested that the
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activity of olive oil phenolic compounds has beneficial effects on the aging process, while animal studies
support that olive oil phenols can prevent age-related mental and physical dysfunctions [28]. Actually,
extra virgin olive oil, due to biophenolic compounds, has been associated with many beneficial effects
on diminishing the risk of several diseases, including cardiovascular disease, several cancers, and
age-related illness [29].

In developed countries, the continued prolongation of the average human lifespan, albeit with
increased chronic disease morbidity rates, incurs continuously increasing healthcare associated costs
and emerging public health challenges [30]. Primary public health prevention strategies, such as
the promotion of healthy dietary patterns for successful aging, may ultimately deter the onset of
chronic disease and healthcare associated costs. As a result, such strategies encouraging the exclusive
use of olive oil as a preparatory (unheated) and cooking oil may help improve the sustainability of
populations and public health systems alike. However, since it is not yet fully clarified which particular
types of olive oils may render the greatest health impacts, further studies are necessary for elucidating
whether olive oils with the highest levels of phenolic compound content (namely extra-virgin olive oil)
could offer the most health benefits [31].

In addition to the benefits of olive oil as an unheated product, it is also worth mentioning that
there is a continuous debate on which type of oil or fat in general is best to cook with. It is well known
that the higher the level of unsaturation of the fatty acids, the lower the heat stability of the oil; thus,
polyunsaturated are better than saturated fats at room temperature, but when they are heated, their
structures change and harmful chemicals can appear [32]. Oils rich in polyunsaturated fatty acids,
like corn or sunflower oil, generated very high levels of oxidative products (e.g., aldehydes), whereas
dietary fats rich in saturated fatty acids (e.g., butter) or monounsaturated fatty acids (e.g., olive oil)
produce fewer aldehydes or other potentially dangerous byproducts [33]. According to the USDA
(United States Department of Agriculture) extra virgin olive oil—the most popular culinary type of
olive oil—contains 73.330 g of monounsaturated fatty acids, 13.330 g of saturated fatty acids, and
6.670 g of polyunsaturated fatty acids per 100 mL [34], and it may be considered as the best oil for
consumption [35].

Strengths and Limitations

To our knowledge, this is one of the first studies examining the type of oil consumed in
relation to successful aging of older adults, using two different population-based studies. From the
epidemiological perspective, using samples from different populations is useful in order to minimize
the effect of several types of bias and to multiply the external validity of the findings. In addition,
the reported results could be of significant importance for public health policymakers, since a basic
principle of empowerment and health promotion is the awareness of people of the effect of harmful
behaviors, such as diet related behaviors. This study also has several limitations. The dietary habits, as
well as all other participants’ characteristics, were measured once, thus a measurement error may exist
and there is always a bias in self-reported questionnaires. Nutrient intake (e.g., type of consumed fat)
was calculated through food composition tables using the information retrieved through the FFQs;
thus, inaccurate recall of food intake, or a tendency towards social desirability resulting in individuals
over-reporting healthy food intake and underreporting unhealthy food intake cannot be ruled out.
Moreover, the type of consumed olive oil was not reported; however, the effect of olive oil—regardless
of the specific type—consumption on human health is established [36]. Finally, all participants included
in this study are from Mediterranean region so extrapolation to other populations and geographical
regions may be limited.

5. Conclusions

The present findings support that exclusive culinary use of olive oil, as opposed to either
non-exclusive or no culinary use of olive oil, beneficially impacts successful aging, particularly among
individuals aged over 70 years of age. Therefore, primary public health prevention strategies should
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encourage the adoption of dietary practices such as consumption of olive oil in order to promote
healthy aging and longevity.

Author Contributions: Conceptualization, D.P.; methodology, D.P. and S.T.; statistical analysis, D.P., A.F. and
E.C.; writing—original draft preparation, A.F.; writing—review and editing, E.C., N.N., A.-L.M., E.P., L.R., J.-M.H.,
J.L.A.-M.; supervision, D.P., L.S. and C.C.

Funding: The ATTICA study is supported by research grants from the Hellenic Cardiology Society (HCS2002)
and the Hellenic Atherosclerosis Society (HAS2003). The MEDIS study was funded by research grants from the
Hellenic Heart Foundation, the Graduate Program of the Department of Nutrition and Dietetics, Harokopio
University, and Rutgers University, NJ, USA (GA #5884). Stefanos Tyrovolas was supported by the Foundation
for Education and European Culture (IPEP), the Sara Borrell postdoctoral program (reference no. CD15/00019
from the Instituto de Salud Carlos III (ISCIII-Spain)), and the Fondos Europeo de Desarrollo Regional (FEDER).
Jose Maria Haro, Jose Luis Ayuso, Demosthenes Panagiotakos, Stefano Tyrovolas, Elena Critselis, and Alexandra
Foscolou were funded for the ATHLOS project to study trajectories of healthy aging (European Union’s Horizon
2020 research and innovation program, grant agreement No 635316).

Acknowledgments: Authors are particularly grateful to the men and women from all areas that participated in
the ATTICA and MEDIS studies, as well as to both studies investigators.

Conflicts of Interest: On behalf of all authors, the corresponding author states that there is no conflict of interest.

References

1. Vieira, S.A.; McClements, D.J.; Decker, E.A. Challenges of utilizing healthy fats in foods. Adv. Nutr. 2015, 6,
309S–317S. [CrossRef] [PubMed]

2. O’Sullivan, T.A.; Hafekost, K.; Mitrou, F.; Lawrence, D. Food sources of saturated fat and the association
with mortality: A meta-analysis. Am. J. Public Health 2013, 103, e31–e42. [CrossRef] [PubMed]

3. O’Keefe, S.F. An overview of oils and fats with special emphasis on olive oil. In The Cambridge World History
of Food; Kiple, K.F., Ornelas, K.C., Eds.; Cambridge University Press: Cambridge, UK, 2000; pp. 375–387.

4. Alarcon de la Lastra, G.; Barranco, M.D.; Motilva, V.; Herrerias, J.M. Mediterranean diet and health: Biological
importance of olive oil. Curr. Pharm. Des. 2001, 7, 933–950. [CrossRef] [PubMed]

5. Grosso, G.; Marventano, S.; Yang, J.; Mickel, A.; Pajak, A.; Scalfi, L.; Galvano, F.; Kales, S.N. A comprehensive
meta-analysis on evidence of Mediterranean diet and cardiovascular disease: Are individual components
equal? Crit. Rev. Food Sci. Nutr. 2017, 57, 3218–3232. [CrossRef] [PubMed]

6. Schwingshackl, L.; Lampousi, A.M.; Portillo, M.P.; Romaguera, D.; Hoffman, G.; Boeing, H. Olive oil in the
prevention and management of type 2 diabetes mellitus: A systematic review and meta-analysis of cohort
studies and intervention trials. Nutr. Diabetes 2017, 7, e262. [CrossRef] [PubMed]

7. Di Daniele, N.; Noce, A.; Vidiri, M.F.; Moriconi, E.; Marrone, G.; Annicchiarico-Petruzzelli, M.; D’Urso, G.;
Tesauro, M.; Rovella, V.; De Lorenzo, A. Impact of Mediterranean diet on metabolic syndrome, cancer and
longevity. Oncotarget 2017, 8, 8947–8979. [CrossRef]

8. Psaltopoulou, T.; Kosti, R.I.; Haidopoulos, D.; Dimopoulos, M.; Panagiotakos, D.B. Olive oil intake is
inversely related to cancer prevalence: A systematic review and a meta-analysis of 13,800 patients and 23,340
controls in 19 observational studies. Lipids Health Dis. 2011, 10, 127. [CrossRef]

9. Schwingshackl, L.; Hoffmann, G. Monousaturated fatty acids, olive oil and health status: A systematic
review and meta-analysis of cohort studies. Lipids Health Dis. 2014, 13, 154. [CrossRef]

10. Perez-Jimenez, F.; Alvarez de Cienfuegos, G.; Badimon, L.; Barja, G.; Battino, M.; Blanco, A.; Bonanome, A.;
Colomer, R.; Corella-Piquer, D.; Covas, I.; et al. International conference on the healthy effect of virgin olive
oil. Eur. J. Clin. Investig. 2005, 35, 421–424.

11. López-Miranda, J.; Pérez-Jiménez, F.; Ros, E.; De Caterina, R.; Badimón, L.; Covas, M.I.; Escrich, E.;
Ordovás, J.M.; Soriguer, F.; Abia, R.; et al. Olive oil and health: Summary of the II international conference
on olive oil and health consensus report, Jaén and Córdoba (Spain) 2008. Nutr. Metab. Cardiovasc. Dis. 2010,
20, 284–294. [CrossRef]

12. Fernández del Río, L.; Gutiérrez-Casado, E.; Varela-López, A.; Villalba, J.M. Olive oil and the hallmarks of
aging. Molecules 2016, 21, 163. [CrossRef] [PubMed]

13. Rodriguez-Morato, J.; Xicota, L.; Fito, M.; Farre, M.; Dierssen, M.; de la Torre, R. Potential role of olive
oil phenolic compounds in the prevention of neurodegenerative diseases. Molecules 2015, 20, 4655–4680.
[CrossRef] [PubMed]

http://dx.doi.org/10.3945/an.114.006965
http://www.ncbi.nlm.nih.gov/pubmed/25979504
http://dx.doi.org/10.2105/AJPH.2013.301492
http://www.ncbi.nlm.nih.gov/pubmed/23865702
http://dx.doi.org/10.2174/1381612013397654
http://www.ncbi.nlm.nih.gov/pubmed/11472248
http://dx.doi.org/10.1080/10408398.2015.1107021
http://www.ncbi.nlm.nih.gov/pubmed/26528631
http://dx.doi.org/10.1038/nutd.2017.12
http://www.ncbi.nlm.nih.gov/pubmed/28394365
http://dx.doi.org/10.18632/oncotarget.13553
http://dx.doi.org/10.1186/1476-511X-10-127
http://dx.doi.org/10.1186/1476-511X-13-154
http://dx.doi.org/10.1016/j.numecd.2009.12.007
http://dx.doi.org/10.3390/molecules21020163
http://www.ncbi.nlm.nih.gov/pubmed/26840281
http://dx.doi.org/10.3390/molecules20034655
http://www.ncbi.nlm.nih.gov/pubmed/25781069


Foods 2019, 8, 25 10 of 11

14. Panagiotakos, D.B.; Georgousopoulou, E.N.; Pitsavos, C.; Chrysohoou, C.; Metaxa, V.; Georgiopoulos, G.A.;
Kalogeropoulos, K.; Tousoulis, D.; Stefanadis, C.; ATTICA Study Group. Ten-year (2002–2012) cardiovascular
disease incidence and all-cause mortality, in urban Greek population: The ATTICA Study. Int. J. Cardiol.
2015, 180, 178–184. [CrossRef] [PubMed]

15. Tyrovolas, S.; Haro, J.M.; Mariolis, A.; Piscopo, S.; Valacchi, G.; Tsakountakis, N.; Zeimbekis, A.; Tyrovola, D.;
Bountziouka, V.; Gotsis, E.; et al. Successful aging, dietary habits and health status of elderly individuals:
A k-dimensional approach within the multi-national MEDIS study. Exp. Gerontol. 2014, 60, 57–63. [CrossRef]
[PubMed]

16. Papathanasiou, G.; Georgoudis, G.; Papandreou, M.; Spyropoulos, P.; Georgakopoulos, D.; Kalfakakou, V.;
Evangelou, A. Reliability measures of the short International Physical Activity Questionnaire (IPAQ) in
Greek young adults. Hellenic J. Cardiol. 2009, 50, 283–294. [PubMed]

17. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive
Summary of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA
2001, 285, 2486–2497. [CrossRef]

18. Katsouyanni, K.; Rimm, E.B.; Gnardellis, C.; Trichopoulos, D.; Polychronopoulos, E.; Trichopoulou, A.
Reproducibility and relative validity of an extensive semi-quantitative food frequency questionnaire using
dietary records and biochemical markers among Greek schoolteachers. Int. J. Epidemiol. 1997, 26 (Suppl. 1),
S118–S227. [CrossRef]

19. Maneesriwongul, W.; Dixon, J.K. Instrument translation process: A methods review. J. Adv. Nurs. 2004, 48,
175–186. [CrossRef]

20. Tyrovolas, S.; Pounis, G.; Bountziouka, V.; Polychronopoulos, E.; Panagiotakos, D. Repeatability and
validation of a short, semi-quantitative food frequency questionnaire designed for older adults living
in Mediterranean areas: The MEDIS-FFQ. J. Nutr. Elder. 2010, 29, 311–324. [CrossRef]

21. Mataix, J.; Ochoa, J.J.; Quiles, J.L. Olive oil and mitochondrial oxidative stress. Int. J. Vitam. Nutr. Res. 2006,
76, 178–183. [CrossRef]

22. Quiles, J.L.; Barja, G.; Battino, M.; Mataix, J.; Solfrizzi, V. Role of olive oil and monousaturated fatty acids in
mitochondrial oxidative stress and aging. Nutr. Rev. 2006, 64, S31–S39. [CrossRef]

23. Vasto, S.; Scapagnini, G.; Rizzo, C.; Monastero, R.; Marchese, A.; Caruso, C. Mediterranean diet and longevity
in Sicily: Survey in a Sicani Mountains population. Rejuvenation Res. 2012, 15, 184–188. [CrossRef] [PubMed]

24. Martinez-Galiano, J.M.; Olmedo-Requena, R.; Barrios-Rodriguez, R.; Amezcua-Prieto, C.;
Bueno-Cavanillas, A.; Salcedo-Bellido, I.; Jimenez-Moleon, J.J.; Delgado-Rodriguez, M. Effect of
adherence to a Mediterranean diet and olive oil intake during pregnancy on risk of small for gestational age
infants. Nutrients 2018, 10, 1234. [CrossRef] [PubMed]

25. Daskalopoulou, C.; Koukounari, A.; Ayuso-Mateos, J.L.; Prince, M.; Prina, A.M. Associations of lifestyle
behaviour and healthy ageing in five latin American and the Caribbean countries-A 10/66 population-based
cohort study. Nutrients 2018, 10, 1593. [CrossRef] [PubMed]

26. Tuckl, K.L.; Hayball, P.J. Major phenolic compounds in olive oil: Metabolism and health effects.
J. Nutr. Biochem. 2002, 13, 636–644. [CrossRef]

27. Owen, R.W.; Haubner, R.; Wurtele, G.; Hull, E.; Spwegelhalder, B.; Bartsch, H. Olives and olive oil in cancer
prevention. Eur. J. Cancer Prev. 2004, 13, 319–326. [CrossRef] [PubMed]

28. Giovannelli, L. Beneficial effects of olive oil phenols on the aging process: Experimental evidence and
possible mechanisms of action. Nutr. Aging 2002, 1, 207–223.

29. Presti, G.; Guarrasi, V.; Gulotta, E.; Provenzano, A.; Giuliano, S.; Monfreda, M.; Mangione, M.R.;
Passantino, R.; San Biagio, P.L.; Costa, M.A.; et al. Bioactive compounds from extra virgin olive oils:
Correlation between phenolic content and oxidative stress cell protection. Biophys. Chem. 2017, 230, 109–116.
[CrossRef]

30. Salomon, J.A.; Wang, H.; Freeman, M.K.; Vos, T.; Flaxman, A.D.; Lopez, A.D.; Murray, C.J. Healthy life
expectancy for 187 countries, 1990–2010: A systematic analysis for the Global Burden Disease Study 2010.
Lancet 2012, 380, 2144–2162. [CrossRef]

31. Aiello, A.; Guccione, G.D.; Accardi, G.; Caruso, C. What olive oil for healthy ageing? Maturitas 2015, 80,
117–118. [CrossRef]

http://dx.doi.org/10.1016/j.ijcard.2014.11.206
http://www.ncbi.nlm.nih.gov/pubmed/25463360
http://dx.doi.org/10.1016/j.exger.2014.09.010
http://www.ncbi.nlm.nih.gov/pubmed/25240688
http://www.ncbi.nlm.nih.gov/pubmed/19622498
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1093/ije/26.suppl_1.S118
http://dx.doi.org/10.1111/j.1365-2648.2004.03185.x
http://dx.doi.org/10.1080/01639366.2010.499096
http://dx.doi.org/10.1024/0300-9831.76.4.178
http://dx.doi.org/10.1111/j.1753-4887.2006.tb00261.x
http://dx.doi.org/10.1089/rej.2011.1280
http://www.ncbi.nlm.nih.gov/pubmed/22533429
http://dx.doi.org/10.3390/nu10091234
http://www.ncbi.nlm.nih.gov/pubmed/30189597
http://dx.doi.org/10.3390/nu10111593
http://www.ncbi.nlm.nih.gov/pubmed/30380734
http://dx.doi.org/10.1016/S0955-2863(02)00229-2
http://dx.doi.org/10.1097/01.cej.0000130221.19480.7e
http://www.ncbi.nlm.nih.gov/pubmed/15554560
http://dx.doi.org/10.1016/j.bpc.2017.09.002
http://dx.doi.org/10.1016/S0140-6736(12)61690-0
http://dx.doi.org/10.1016/j.maturitas.2014.10.016


Foods 2019, 8, 25 11 of 11

32. Grootveld, M.; Silwood, C.J.; Addis, P.; Claxson, A.; Serra, B.B.; Viana, M. Health effects of oxidized heated
oils. J. Foodserv. 2001, 13, 41–55. [CrossRef]

33. Peng, C.Y.; Lan, C.H.; Lin, P.C.; Kuo, Y.C. Effects of cooking method, cooking oil, and food type on aldehyde
emissions in cooking oil fumes. J. Hazard Mater. 2017, 324 Pt B, 160–167. [CrossRef]

34. U.S. Department of Agriculture, Agricultural Research Service. USDA National Nutrient Database for
Standard Reference, Release 24. Database 2011. [CrossRef]

35. Nocella, C.; Cammisotto, V.; Fianchini, L.; D’Amico, A.; Novo, M.; Castellani, V.; Stafanini, L.; Violi, F.;
Carnevale, R. Extra virgin olive oil and cardiovascular diseases: Benefits for human health. Endocr. Metab.
Immune Disord. Drug Targets 2018, 18, 4–13. [CrossRef] [PubMed]

36. Foscolou, A.; Critselis, E.; Panagiotakos, D. Olive oil consumption and human health: A narrative review.
Maturitas 2018, 118, 60–66. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1745-4506.2001.tb00028.x
http://dx.doi.org/10.1016/j.jhazmat.2016.10.045
http://dx.doi.org/10.1016/j.ijsolstr.2011.12.007
http://dx.doi.org/10.2174/1871530317666171114121533
http://www.ncbi.nlm.nih.gov/pubmed/29141571
http://dx.doi.org/10.1016/j.maturitas.2018.10.013
http://www.ncbi.nlm.nih.gov/pubmed/30415757
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Sample 
	Bioethics 
	Measurements 
	Sociodemographic Data 
	Physical Activity Levels 
	Anthropometric and Clinical Characteristics 
	Dietary Habits Assessment 
	Successful Aging Index 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

