
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/346398493

A Randomized Clinical Trial of Greek High Phenolic Early Harvest Extra Virgin

Olive Oil in Mild Cognitive Impairment: The MICOIL Pilot Study

Article  in  Journal of Alzheimer's disease: JAD · November 2020

DOI: 10.3233/JAD-200405

CITATIONS

9
READS

235

10 authors, including:

Some of the authors of this publication are also working on these related projects:

MICOIL View project

https://story2remember.eu/2020/08/04/alzheimers-association-international-conference-2020-aaic/ View project

Magdalini Tsolaki

Aristotle University of Thessaloniki

857 PUBLICATIONS   30,808 CITATIONS   

SEE PROFILE

Niki Petridou

Greek Association of Alzheimer's Disease and Related Disorders

3 PUBLICATIONS   9 CITATIONS   

SEE PROFILE

Irene Tabakis

5 PUBLICATIONS   18 CITATIONS   

SEE PROFILE

Ioulietta Lazarou

The Centre for Research and Technology, Hellas

37 PUBLICATIONS   349 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Prokopios Magiatis on 26 November 2020.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/346398493_A_Randomized_Clinical_Trial_of_Greek_High_Phenolic_Early_Harvest_Extra_Virgin_Olive_Oil_in_Mild_Cognitive_Impairment_The_MICOIL_Pilot_Study?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/346398493_A_Randomized_Clinical_Trial_of_Greek_High_Phenolic_Early_Harvest_Extra_Virgin_Olive_Oil_in_Mild_Cognitive_Impairment_The_MICOIL_Pilot_Study?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/MICOIL?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/https-story2remembereu-2020-08-04-alzheimers-association-international-conference-2020-aaic?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Magdalini-Tsolaki?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Magdalini-Tsolaki?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Aristotle_University_of_Thessaloniki?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Magdalini-Tsolaki?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Niki-Petridou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Niki-Petridou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Greek_Association_of_Alzheimers_Disease_and_Related_Disorders?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Niki-Petridou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Irene-Tabakis?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Irene-Tabakis?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Irene-Tabakis?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ioulietta-Lazarou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ioulietta-Lazarou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/The-Centre-for-Research-and-Technology-Hellas?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ioulietta-Lazarou?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Prokopios-Magiatis?enrichId=rgreq-17855401807f80b22d240f571ec905bc-XXX&enrichSource=Y292ZXJQYWdlOzM0NjM5ODQ5MztBUzo5NjIxMzU5MzI4MTc0MDhAMTYwNjQwMjQ5MDYzOQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Journal of Alzheimer’s Disease 78 (2020) 801–817
DOI 10.3233/JAD-200405
IOS Press

801

A Randomized Clinical Trial of Greek High
Phenolic Early Harvest Extra Virgin Olive
Oil in Mild Cognitive Impairment:
The MICOIL Pilot Study

Magda Tsolakia,b,∗, Eftychia Lazaroub, Mahi Kozorib, Niki Petridoub, Irene Tabakisa,
Ioulietta Lazaroua, Maria Karakotab, Iordanis Saoulidisa, Eleni Melliouc and Prokopios Magiatisc

aDepartment of Neurology General University Hopsital “AHEPA”, Medical School, Faculty of Health Sciences,
Aristotle University of Thessaloniki, Makedonia, Greece
bGreek Association of Alzheimer’s Disease and Related Disorders, Thessaloniki, Makedonia, Greece
cDepartment of Pharmacognosy and Natural Products Chemistry, Faculty of Pharmacy, National and
Kapodistrian University of Athens, Panepistimiopolis Zografou, Athens, Greece

Accepted 31 August 2020

Abstract.
Background: Extra virgin olive oil (EVOO) constitutes a natural compound with high protection over cognitive function.
Objective: To investigate for the first time the effect of Greek High Phenolic Early Harvest Extra Virgin Olive Oil (HP-EH-
EVOO) versus Moderate Phenolic (MP-EVOO) and Mediterranean Diet (MeDi) in people with mild cognitive impairment
(MCI).
Methods: We conducted a randomized prospective study so as to examine the HP-EH-EVOO and MP-EVOO versus MeDi in
MCI. Genetic predisposition (APOE �4) to Alzheimer’s disease (AD) was tested and an extensive neuropsychological battery
was administered at baseline and after 12 months. Each participant was randomized and assigned one of three groups: 1)
Group 1 received the HP-EH-EVOO (50 mL/day); 2) Group 2 received the MP-EVOO (50 mL/day), and 3) Group 3 received
only the MeDi instructions.
Results: Better follow-up performance was found in Group 1 compared to Group 2 and Group 3 in the almost all cognitive
domains. Moreover, Group 2 showed also significant improvement compared to Group 3 in ADAS-cog (p = 0.001) and
MMSE (p = 0.05), whereas Group 3 exhibited worse or similar to baseline performance in almost all domains. In particular,
Group 1 and Group 2 had better outcomes with regards to ADAS-cog (p = 0.003), Digit Span (p = 0.006), and Letter fluency
(p = 0.003). Moreover, there was a significant difference (p = 0.001) in the presence of APOE �4 between the Groups 1 and
2 versus Group 3.
Conclusion: Long-term intervention with HP-EH-EVOO or MP-EVOO was associated with significant improvement in
cognitive function compared to MeDi, independent of the presence of APOE �4.

Keywords: Alzheimer’s disease, APOE, extra virgin olive oil, Mediterranean Diet, mild cognitive impairment, natural
compounds, non-pharmaceutical interventions
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INTRODUCTION

Mild cognitive impairment (MCI) is considered
a cognitive decline disorder that is divergent from
the age- and education-adjusted norms and does not
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meet the clinical criteria for dementia [1,2]. Curren-
tly, there is not an effective and approved pharma-
cological agent for MCI, while a limited number
of existing options for symptomatic treatment effi-
cacy [3] are being used in Alzheimer’s disease (AD)
with approval and in MCI without approval. Apart
from the non-pharmacological personalized interven-
tions (e.g., cognitive stimulation, training, etc.) [4],
only a few pharmacological treatment approaches are
available, mainly based on the hypothesis that MCI is
a transitional pre-dementia stage of AD with several
biomarkers present related to the pathophysiologi-
cal mechanisms of AD [5]. A few clinical trials for
drug treatment are in phase II. One of them, ladostigil,
a dual acetylcholine-butyrylcholinesterase and brain
selective monoamine oxidase (MAO)-A and -B in-
hibitor [6], has been tested for its efficacy in a 3-year,
randomized, controlled, double-blind, multicenter,
phase II clinical trial involving 200 patients. A small
number of other compounds is under investigation
for MCI including atomoxetine, human growth hor-
mones, immunoglobulins, insulin, levetiracetam, and
pioglitazone [7]. Even though the drug treatment of
MCI has been investigated through a number of fairly
large randomized controlled trials, the defined pri-
mary endpoints of the trials could not be achieved.
Some studies were discontinued for safety reasons
or methodological issues that ended planning and
implementation of the relevant studies [8]. Substa-
nces like cholinesterase inhibitors have not demon-
strated a reduction of progression from MCI to
dementia (in a period of 1 and 3 years) [9]. Additio-
nally, findings from a meta-analysis of four trials
(1,960 participants) and another meta-analysis of
nine trials (5,149 participants) showed that choline-
sterase inhibitors had limited or no substantial effects
on cognition (in a period of < 12 months) and might
significantly increase adverse effects. Gingko biloba,
an herbal supplement which is utilized broadly to
enhance cognitive functions, was also tested in ran-
domized trials and presented no cognitive decline
to participants with MCI or normal cognition [10].
Another longitudinal study showed no results in the
prevention of dementia [11]. Likewise, in another ran-
domized controlled trial testosterone supplementa-
tion to older adults displayed no benefits in cognition.

Recent literature paves the way to investigate
natural compounds such as Extra Virgin Olive Oil
(EVOO), saffron, and the Mediterranean diet (MeDi)
as alternative treatments of MCI due to AD [12, 13].
The MeDi is not a single prescribed diet, but rather
a general food-based eating pattern, which is

characterized by local and cultural differences
throughout the Mediterranean region. Scarmeas et al.
proposed that more adherence to MeDi improved
cognitive functions, decreased the possibility to
develop MCI, and lessened the risk of MCI progres-
sion to AD [14].

A recent study suggests that intake of EVOO might
offer a protective effect and/or slow AD pathology in
TgSwDI mice. The results of this study suggest that
the long-term consumption of an EVOO-containing
diet starting at early age provides a protective effect
against AD and its related disorder cerebral amyloid
angiopathy [15]. A long-term intervention with an
EVOO-rich MedDiet in 285 participants with high
vascular risk resulted in better cognitive functioning
when compared to a control diet. Participants assig-
ned to an EVOO-rich MedDiet also had less MCI than
the controls. Participants assigned to MedDiet + Nuts
group did not differ from the controls [16].

The main ingredients of EVOO are glycerides
of fatty acids (98%), mainly of monounsaturated
fatty acids (MUFA) and especially of oleic acid.
The remaining 2% include a variety of “minor com-
pounds” like tocopherol, simple phenolic alcohols
(tyrosol and hydroxytyrosol), phenolic acids (caffeic,
vanillic, syringic, p-coumaric, o-coumaric, protocat-
echuic, sinapic, p-hydroxybenzoic and gallic), lig-
nans (acetoxypinoresinol and pinoresinol), flavones
(apigenin and luteolin) and, most importantly, secoi-
ridoids (oleocanthal, oleacein, oleuropein and lig-
stroside aglycones, and their derivatives) [17]. Most
of the molecules included in the “minor compounds”
of EVOO have long been known for their antioxidant
activity, but recent data suggests that the secoiridoids
especially have other pharmacological properties that
may play an even more important role in cognitive
functioning [18].

Cognitive performance has been associated with
dietary habits [19] and, in parallel, cognitive decline
and neurodegenerative disorders have been related to
oxidative stress [20]. So, it is reasonable to assume
that reducing oxidative stress through the consump-
tion of antioxidant-rich foods could protect from
neurodegenerative diseases. It is well known that
the MeDi is based on antioxidant-rich foods, mainly
of plant origin, and has been associated with many
health benefits [21].

Study aim

This is the first-ever reported longitudinal
double-blind study which administered Greek
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HP-EH-EVOO to people with MCI for one year. The
purpose of this randomized trial was to evaluate the
effect of a Greek HP-EH-EVOO (Group 1) compared
to a Greek MP-EVOO (Group 2) and MeDi only
(Group 3) on the cognition of patients with MCI, who
are community-dwelling, Greek-speaking elderly,
ranging in age from 60 to 80. We chose to investigate
the potential effects of Greek EVOO and its cate-
gories since it has been extensively suggested as a
top nutritional supplement worldwide. Moreover, we
chose to administer one of the top awarded EVOOs of
the Mediterranean area in 2016 (Halkidiki EVOO).
We expect that these compounds will specifically
target and ameliorate the cognitive deficits of our par-
ticipants allocated to receive Greek HP-EH-EVOO
compared to the other two groups. We hypothesize
that patients who participate in Group 1 and Group
2 will have an improvement in cognitive functioning
as detected in their neuropsychological assessment
after 1 year versus the Group 3 (only MeDi). Also,
we would like to examine if this desirable result will
be found in patients who are carriers of APOE �4,
which is a risk gene for AD.

MATERIALS AND METHODS

Olive oil selection

In the current study, we screened a large number
of commercial samples (selected among a database
of >3,000 samples), obtained from olives (Olea eur-
opaea L.) harvested in September-December 2016
season. The screening was performed by the quanti-
tative nuclear magnetic resonance (qNMR) method
in order to identify two oils which met the follow-
ing criteria: 1) They would present similar phenolic
profile but one of them should be a very high source
of vitamin E and high in total phenolics content and
the second one should be lower in total phenols but
higher than the EU health claim limit of 250 mg/Kg;
2) They would be both EVOOs and from the same
variety of olive trees.

Olive oil extraction and sample preparation for
NMR analysis

Olive oil (5.0 g) was mixed with cyclohexane
(20 mL) and acetonitrile (25 mL). The mixture was
homogenized using a vortex mixer for 30 s and cen-
trifuged at 4,000 rpm for 5 min. A part of the ace-
tonitrile phase (25 mL) was collected, mixed with
1.0 mL of internal standard solution–0.5 mg/mL of

syringaldehyde (4-hydroxy-3,5-dimethoxybenzalde
hyde) in acetonitrile—and evaporated using a rotary
evaporator (Buchi, Switzerland), at 30◦C, under re-
duced pressure, as previously described [22].

NMR spectral analysis

The residue of the above procedure was dissolved
in CDCl3 (750 �L), and an accurately measured
volume of the solution (550 �L) was transferred to
a 5 mm NMR tube. 1H-NMR spectra were recorded
at 400 MHz (Bruker DRX400). 50 scans were col-
lected into 32K data points over a spectral width of
0–16 ppm with a relaxation delay of 1 s and an acqui-
sition time of 1.7 s. An exponential weighting factor
corresponding to a line broadening of 0.3 Hz was
applied prior to Fourier transformation (FT). The spe-
ctra were phase-corrected and integrated automati-
cally using TopSpin software. Accurate integration
was performed manually for the peaks of interest,
only when it was necessary. The quantitation of the
phenolic compounds was performed based on previ-
ously described methods [23, 24]. The quantitation
of oleocanthal (OC) and oleacein (OL) in mg/Kg
of olive oil was performed using the following
calibration curves: OC = 197.72 × Int + 19.78, OL =
205.09 × Int + 19.16, where Int is the integration
value at 9.62 ppm for OC and 9.64 ppm for OL, in re-
lation to internal standard syringaldehyde at 9.81 ppm
for which the integration value was set to 1.

Mediterranean diet (MeDi)

The MeDi is not a single prescribed diet, but rather
a general food-based eating pattern, which is charac-
terized by local and cultural differences throughout
the Mediterranean region. The Greek MeDi is gener-
ally based on the high intake of olive oil and plant-
based foods (e.g., fresh fruits and vegetables, nuts,
and cereals), the moderate intake of fish and poultry,
and low intake of dairy products (mostly yoghurt and
cheese), red and processed meats, and sweets. Wine
is moderately consumed and, typically, with a meal
[25, 26].

Participants and settings

From 1 December 2016 to 30 August 2018, partic-
ipants were recruited from the Memory & Dementia
clinic of the 3rd and 1st Neurology Departments of Ari
stotle University of Thessaloniki, Greece, and from
the two Day Centers of the Greek Association of
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Table 1
Phenolic and vitamin E composition of the two kinds of EVOOS studied, categorized by their phenolic content

Early Harvest High Moderate Phenolic
Phenolic Extra Virgin Extra Virgin Olive
Olive Oil (HP-EVOO) Oil (MP-EVOO)

mg/Kg mg/Kg

Oleocanthal 412 109
Oleacein 244 49
Oleuropein aglycon (monoaldehyde form) 13 29
Oleuropein aglycon (dialdehyde forms 49 14

Oleomissional + Oleuropeindial)
Ligstroside aglycon (monoaldehyde form) 19 28
Ligstroside aglycon (dialdehyde forms 239 42

Ligstrodial + Oleokoronal)
Total derivatives of hydroxytyrosol 305 92
Total derivatives of tyrosol 628 179
Oleocanthal + Oleacein (Index D1) 656 158
Total secoiridoid phenols (index D3) 975 271
Vitamin E 290 –

Both HP-EH-EVOO “Yanni’s Fresh” and MP-EVOO “Yanni’s Selected” were produced from olives of the Chalkidiki variety, provided by
“Yanni’s Olive Grove” Company from Nea Potidaia, Chalkidiki, Greece.

Table 2
Mean and standard deviation (SD) of demographics of all participants, and the results of the non-parametric Kruskal-Wallis statistical test

Group 1 Group 2 Group 3 All Kruskal-Wallis
(n = 18) (n = 16) (n = 16) (n = 50) Test

mean±SD mean±SD mean±SD mean±SD H(df) = χ2, p

Age 68.5 ± 6.8 70.8 ± 8.1 70.1 ± 6.0 69.8 ± 6.9 H(2) = 0.296,
p = 0.863

Gender (F:M) 11 : 7 11 : 5 13 : 3 35 : 15 H(2) = 1.620,
p = 0.445

Education 11.3 ± 2.8 8.9 ± 3.7 10.6 ± 4.6 10.3 ± 3.8 H(2) = 3.664,
p = 0.160

Alzheimer’s Disease and Related Disorders (GAA
DRD). Patients with MCI of amnestic subtype were
diagnosed by a neuropsychiatrist (MT) according
to history, neurological examination, neuropsycho-
logical tests, structural magnetic resonance imaging
(MRI), and other necessary laboratory examinations.
The MICOIL study was carried out in accordance
with the Declaration of Helsinki and was approved
by the GAADRD scientific & ethics committee (25/
2016) (Clinical Trials Registration Number: NCT03
362996). All participants fulfilled the Petersen cri-
teria for MCI [14]. Written informed consent was
obtained from all participants prior to their participa-
tion in the study.

Inclusion criteria
Subjects were aged 60 years or older with diagnosis

of MCI under stable treatment (at least 90 days before
the baseline) for any other chronic diseases than those
described in exclusion criteria.

Exclusion criteria
Subjects were excluded due to 1) any severe phys-

ical illness, such as an infectious disease or any

kidney, heart, or liver failure; 2) current psychiatric
or neurological disorder, such as ischemic or hem-
orrhagic stroke, schizophrenia, severe depression or
anxiety disorder, or any other neurological disorder
such as epilepsy, Parkinson’s disease, multiple sclero
sis, history of drug or alcohol abuse, and use of neuro-
modifying drugs; 3) having any other body disorder
(e.g., tetraplegia) that may have caused objective cog-
nitive impairment, other neurodegenerative diseases,
traumatic brain injury, brain tumor; 4) problems with
their vision and hearing.

Table 2 shows the average age and years of educa-
tion with the standard deviation and the allocation of
males and females for each group of study.

Study design and procedure

During the initial clinical visit, a psychologist from
the team records the demographic data and applies
specific neuropsychological tests to all participants.
After the neuropsychiatrist determines whether par-
ticipants meet the eligibility criteria, the responsible
health professionals inform them about the study aim
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Fig. 1. Study design concerning participant roles and evaluation methods.

to better understand their needs, to explain the study
objectives and to provide written informed consent
for their participation in the study. None of the par-
ticipants had privacy concerns about the use of their
coded data after the study ends in a research context
since this was done in a confidential and anonymized
manner.

Figure 1 illustrates the study design, randomization
of the participants in the three groups, as well as the
evaluation methods.

The duration of the study was 12 months.
The three groups include patients with MCI and

each participant was randomized and allocated to one
of the three groups:

• Group 1 received the Greek HP-EH-EVOO
(50 mL/day) together with MeDi instructions.

• Group 2 received the Greek MP-EVOO (50 mL/
day) together with MeDi instructions.

• Group 3 received only the MeDi instructions.

During the next set of participant visits (every
two months), the neuropsychiatrist conducts a semi-
structured interview with the participants of the three
groups to confirm that they are following the pro-
posed diet and to better understand if they had any
adverse event, whether they faced any related prob-
lem during the clinical trial, or if the participants
wanted to discontinue their participation. Moreover,
in order to monitor the adherence to the proposed

nutritional program for the three groups, the partici-
pants received the oil every two months, so there was
regular contact with the doctor and the dietician in
case they wanted to report any changes in their daily
routine. The daily consumption was the same for all
patients and was used in the salad in their lunch and
dinner and in their lunch without boiling it, and this
was feasible as, together with the administration of
the EVOOS, we also provided a measuring device
(50 ml) to each patient.

Neuropsychological assessment

All participants went through a standard assess-
ment, which included a neurological interview, medi-
cal history, physical and neurological examination,
as well as a detailed neuropsychological assessment.
The neuropsychological assessment was performed
by means of a battery designed to comprehensively
evaluate attention, working memory, episodic mem-
ory, visuospatial abilities, executive functions, and
language. The neuropsychological battery included
the Greek version of Mini-Mental State Examina-
tion (MMSE) [27, 28] to assess the general cognitive
function, Rivermead Behavioral Memory Test-Story
Immediate and Delayed recall [29, 30] for episodic
memory, Rey Osterrieth Complex Figure Test copy
and delayed recall [31, 32] which measures visu-
ospatial long-term memory and executive functions,
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Trail Making Test parts A & B [33], to examine
visuospatial ability, attention and executive func-
tions, Alzheimer Disease Assessment Scale-Cogni-
tive (ADAS-Cog) [34, 35] to assess the severity of
cognitive dysfunction, Wechsler Memory Scales
Digit Span Forward and Backward [36, 37] to assess
attention and working memory, Letter and Category
Fluency Test [38] for assessing phonemic and sem-
antic fluency and Clock-drawing Test [39] which
measures visuo-spatial orientation, understanding of
verbal instructions, abstract thinking, planning, con-
centration, executive and visuo-spatial skills. Dep-
ressive symptoms were assessed by the Geriatric
Depression Scale [40, 41] using a cut-off score of
<6 at baseline. We also used the Neuropsychiatric
Inventory [42, 43] for the assessment of other neuro-
psychiatric symptoms, since it is a critical component
for the evaluation of the MCI subjects because their
distress can cause or exacerbate cognitive problems.

APOE genotype

Blood samples were collected by a doctor after
the participants gave their permission through writ-
ten informed consent to DNA extraction. It should be
noted that each sample was taken after each partici-
pant had been randomly allocated to their respective
group.

Randomization

After the baseline assessment, eligible and con-
senting people with MCI were randomized to one of
the three groups: Group 1, Group 2, and Group 3.
For the randomization, we used RAND function
in Microsoft Excel 2010, which uses the Mersenne
Twister algorithm (MT19937) to generate random
numbers. RAND returns an evenly distributed

Fig. 2. Flow chart presenting randomization and allocation procedure of participants in all groups respectively.
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random real number greater than or equal to 0 and
less than 1. A new random actual number is retu-
rned every time the worksheet is calculated (https://
support.office.com/en-us/article/rand-function-4cbf
a695-8869-4788-8d90-021ea9f5be73). Until the co-
mpletion of the 12-month follow up, only the project
manager, who was responsible for providing the olive
oil every two months to participants, had access to the
information on group allocation. Thus, all the indep-
endent evaluators were blind with respect to group
allocation, while the participants were not informed
of the type of olive oil they used. In general, the inter-
views and neuropsychological assessment were per-
formed in a way that does not reveal participants’
allocation. Sixty (N = 60) participants were initially
selected to be enrolled in the study, while 54 of them
were randomized to one of the three groups, as
shown in Fig. 1. As a result, a total of 54 participants,
18 in each group, took part in the study, but only 50
completed the study (Fig. 2).

Withdrawals and discontinuation

We could have withdrawals because of: 1) Partic-
ipant death or discharge; 2) Gaining weight and not
being willing to continue; 3) Participant wanted an
additional intervention that would interfere with the
trial; 4) New medical problems related to lipid factors
(cholesterol, diabetes mellitus, heart problems, etc.);
5) Participant experiences adverse event(s) that could
require discontinuation according the judgment of the
principal investigator or instructor; 6) The participant
neglects to follow trial instructions; 7) The participant
has lost more than 1 month of intervention and did
not inform the principal investigator; 8) The partici-
pant or their legally authorized representative request
consent withdrawal.

We had four withdrawals: two in Group 2 (one did
not follow the intervention from the baseline and the
other did not finish the study) and two in Group 3
who did not follow the instructions of MeDi.

Statistical analysis

Data analysis was performed using SPSS v 25.0 for
Windows (IBM Corporation, Armonk, NY, USA) sta-
tistical software. The Shapiro-Wilk test was used to
assess the normality assumption for continuous vari-
ables. As the focus of the study is to introduce and
investigate the effects of polyphenol-rich Olive Oil,
comparisons were made in pairs between Group 1
and Group 2, Group 1 and Group 3, and Group 2 and

Group 3 for completeness. Instead of comparing all
three groups at the same time, the Mann-Whitney U
test was used for intergroup comparison (e.g., Group
1 versus Group 2) and the Wilcoxon Singed Ranks
test for the intra-group comparison (e.g., baseline
versus post-trial neuropsychological assessment of
Group 1, etc.). p-values less than 0.05 were consi-
dered statistically significant. The Kruskal-Wallis
Test was used for age, gender and education, and no
statistical difference was found between the three
independent groups. The Mann–Whitney-Wilcoxon
U-test was used for pair-wise comparisons after Bon-
ferroni correction. We followed the methodology
as mentioned above to examine whether polyphenol-
rich Olive Oil affects the performance in neuro-
psychological assessments of participants with the
genetic predisposition (APOE �4) and if yes, in what
way. All the above-mentioned statistical tests were
selected because the sample size is small, and the
data is non-normally distributed.

RESULTS

There was no significant difference between the
groups at baseline in demographic characteristics,
such age, gender and education. Finally, fifty (50)
participants –35 (70%) participants were women—
were included in the final analysis because only 50
completed the study. Specifically, Group 1 (HP-EH-
EVOO) consisted of 18 participants (mean ± SD:
age = 68.5 ± 6.8), Group 2 (MP-εVOO) consisted of
16 participants (age = 70.8 ± 8.1), while Group 3
(MeDi) consisted of 16 participants (age = 70.1 ±
6.0). The mean age of the participants was 69.8 ± 6.9
(range: 60–80) years. The years of education were
10.3 ± 3.8. Detailed neuropsychological data of all
participants are presented in Table 3.

The first target of our study was the changes in
ADAS-cog. We studied these changes between the
groups either including the information about APOE
results or not. Concerning the intra-group compar-
isons, the Wilcoxon Signed Ranks Test indicated
that in Group 1, there were significant differences
between baseline and follow up measurements for
ADAS-Cog, Letter Fluency, and Digit Span For-
ward tests. Participants performed better in follow
ups of ADAS-Cog (Z = –2.983, p = 0.003), and Let-
ter Fluency (Z = –2.985, p = 0.003), while in Digit
Span Forward performance was worse (Z = –2.722,
p = 0.006). Regarding Group 2, follow up measure-
ments were better than baseline in MMSE (Z = 2.534,

https://support.office.com/en-us/article/rand-function-4cbfa695-8869-4788-8d90-021ea9f5be73
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Table 3
Mean and standard deviation (SD) of the non-normally distributed scores of neuropsychological performance at baseline and 12 months

follow up, and the results of the non-parametric Wilcoxon Signed Ranks statistical test for intra-group comparison

Baseline Follow-up Wilcoxon Signed
Assessment (12 months) Ranks Test

Assessment
mean±SD mean±SD Z, p

MMSE Group 1 27.9 ± 1.8 28.8 ± 1.7 Z = –0.145, p = 0.885a

Group 2 26.6 ± 1.3 28.0 ± 1.4 Z = –2.534, p = 0.011a

Group 3 28.0 ± 1.8 28.1 ± 1.8 Z = –0.262, p = 0.794a

ADAS-Cog Group 1 12.6 ± 4.8 9.5 ± 4.4 Z = –2.983, p = 0.003a

Group 2 15.2 ± 3.2 10.1 ± 4.2 Z = –3.364, p = 0.001b

Group 3 15.3 ± 11.6 15.0 ± 9.7 Z = –0.233, p = 0.816b

Clock Drawing Group 1 4.1 ± 0.9 4.3 ± 0.9 Z = –1.667, p = 0.096b

Group 2 4.5 ± 0.8 4.19 ± 1.0 Z = –0.846, p = 0.398b

Group 3 4.6 ± 0.6 4.5 ± 0.9 Z = –0.302, p = 0.763b

Clock Copy Group 1 4.6 ± 0.5 4.6 ± 0.6 Z = –0.378, p = 0.705b

Group 2 4.6 ± 0.6 4.75 ± 0.4 Z = –1.000, p = 0.317a

Group 3 4.9 ± 0.3 4.9 ± 0.3 Z = –1.000, p = 0.317b

Trail Making A Group 1 56.9 ± 18.6 65.6 ± 36.5 Z = –0.959, p = 0.338b

Group 2 63.9 ± 30.9 64.5 ± 32.0 Z = –0.440, p = 0.660a

Group 3 58.9 ± 22.1 55.4 ± 19.6 Z = –0.943, p = 0.346b

Trail Making B Group 1 224.7 ± 112.2 234.1 ± 127.0 Z = –0.024, p = 0.981b

Group 2 270.7 ± 146.3 238.8 ± 118.4 Z = –1.079, p = 0.281b

Group 3 215.5 ± 116.4 198.9 ± 157.3 Z = –0.776, p = 0.438b

Digit Span Forward Group 1 6.1 ± 1.2 5.2 ± 0.7 Z = –2.722, p = 0.006a

Group 2 5.4 ± 1.1 5.1 ± 0.7 Z = –1.459, p = 0.145b

Group 3 5.4 ± 0.8 5.6 ± 0.9 Z = –0.730, p = 0.465a

Digit Span Backward Group 1 4.1 ± 1.3 3.9 ± 0.8 Z = –0.557, p = 0.557a

Group 2 3.5 ± 1.0 3.5 ± 0.8 Z = 0.000, p = 1.000c

Group 3 4.1 ± 1.3 4.3 ± 1.1 Z = –1.000, p = 0.317a

Logical Memory I Group 1 12.9 ± 3.0 12.4 ± 2.2 Z = –0.548, p = 0.584a

Group 2 11.8 ± 3.5 11.5 ± 3.6 Z = –0.171, p = 0.864b

Group 3 10.2 ± 4.2 10.7 ± 4.5 Z = –0.662, p = 0.508a

Logical Memory II Group 1 12.6 ± 2.5 12.1 ± 2.2 Z = –1.021, p = 0.307a

Group 2 10.9 ± 4.3 11.3 ± 4.3 Z = –0.566, p = 0.572a

Group 3 9.5 ± 4.2 10.2 ± 4.8 Z = –0.571, p = 0.568a

Letter Fluency Group 1 10.9 ± 3.8 13.3 ± 4.2 Z = –2.985, p = 0.003b

Group 2 10.0 ± 3.3 10.3 ± 2.5 Z = –0.622, p = 0.534a

Group 3 18.6 ± 10.8 21.7 ± 13.9 Z = –2.389, p = 0.017a

Category Fluency Group 1 17.7 ± 2.9 17.9 ± 3.3 Z = –0.893, p = 0.372a

Group 2 15.7 ± 2.6 15.4 ± 3.7 Z = –0.455, p = 0.649a

Group 3 26.9 ± 14.5 27.5 ± 17.2 Z = –1.793, p = 0.073a

aBased on negative ranks. bBased on positive ranks. cThe sum of negative ranks equals the sum of positive ranks.

p = 0.011) and ADAS-Cog (Z = –3.364, p = 0.001).
Lastly, in Group 3, follow up of Letter Fluency was
better (Z = –2.389, p = 0.017) than baseline.

Figure 3 shows the scores of MMSE, ADAS-Cog,
Digit Span Forward, and Letter Fluency at Base-
line and Follow up assessment for all groups as it
is describing in Table 3.

As described in Table 4, the Mann Whitney U test
indicated that the ADAS-Cog follow up was better for
Group 2 (Mdn = –5.17) than Group 1 (Mdn = –3.20,
U = 82.50, p = 0.033) and Group 3 (Mdn = –0.85, U =
40.50, p = 0.001). Moreover, ADAS-Cog was better
for Group 1 (Mdn = –3.20) in comparison with Group
3 (Mdn = 0.85, U = 78.00, p = 0.022). Regarding the

Letter Fluency, Group 1 (Mdn = 3.15) was better than
Group 2 (Mdn = 0.65, U = 57.50, p = 0.002), while
there were no other significant differences between
the groups.

Figure 4 shows the differences in scores (follow up
measurements - baseline measurements) of ADAS-
Cog and Letter Fluency between all three groups in
the study.

In an attempt to investigate whether HP-EH-EVOO
or MP-EVOO affect the performance of patients with
a genetic risk to progress to AD, we proceeded in
another analysis which includes only the 44 partic-
ipants out of the total 50 who had results in the
APOE genotype examination (6 participants did not
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Fig. 3. Box plots are drawn for baseline and follow up assessments of MMSE, ADAS-Cog, Digit Span Forward, and Letter Fluency scores
for all three groups of the study.

Table 4
Comparison of the non-normally distributed score differences of neuropsychological assessments between the three groups (Group 1, Group

2, and Group 3) using the non-parametric statistical Mann-Whitney U Test

Group 1 versus Group 1 versus Group 2 versus
Group 2 Group 3 Group 3

U, p U, p U, p

MMSE U = 88.5, p = 0.050 U = 137.0, p = 0.825 U = 76.5, p = 0.050
ADAS-Cog U = 82.5, p = 0.033 U = 78.0, p = 0.022 U = 40.5, p = 0.001
Clock Drawing U = 109.0, p = 0.237 U = 113.0, p = 0.243 U = 119.5, p = 0.752
Clock Copy U = 135.5, p = 0.798 U = 129.0, p = 0.621 U = 105.5, p = 0.402
Trail Making A U = 130.0, p = 0.646 U = 115.5, p = 0.330 U = 107.0, p = 0.445
Trail Making B U = 114.5, p = 0.313 U = 122.0, p = 0.463 U = 125.0, p = 0.926
Digit Span Forward U = 112.0, p = 0.283 U = 77.0, p = 0.020 U = 89.5, p = 0.149
Digit Span Backward U = 135.5, p = 0.772 U = 119.5, p = 0.403 U = 113.0, p = 0.590
Logical Memory I U = 129.0, p = 0.621 U = 122.0, p = 0.463 U = 121.5, p = 0.809
Logical Memory II U = 123.0, p = 0.484 U = 116.5, p = 0.347 U = 122.5, p = 0.838
Letter Fluency U = 57.5, p = 0.002 U = 109.5, p = 0.237 U = 94.5, p = 0.210
Category Fluency U = 136.0, p = 0.798 U = 87.0, p = 0.050 U = 81.5, p = 0.080

give their permission to do genetic testing). Table 5
presents the APOE genotype distribution in each
group. The number of patients with APOE �4 in
Group 1 and 2 was significantly more than in Group
3 (Table 5)

There were no significant differences in demo-
graphic characteristics of APOE �4 carriers (29 out
of 44) (Table 6)

Concerning the intra-group comparison for �4 car-
riers, the Wilcoxon Signed Ranks Test indicated that
in Group 1, the follow up measurement was better
than baseline in Letter Fluency (Z = –2.142, p =
0.032). Regarding Group 2, there were significant
differences between baseline and follow up measure-
ments for ADAS-Cog, and Digit Span Forward tests.
Participants had a better performance in the follow up
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Fig. 4. The differences in scores of the ADAS-Cog and Letter
Fluency assessments between the three groups of the study.

of ADAS-Cog (Z = –2.366, p = 0.018), while in Digit
Span Forward it was worse (Z = –2.000, p = 0.046).
Lastly, in regard to Group 3, the follow up measure-
ment of Letter Fluency was better (Z = –2.032, p =
0.042) than at baseline.

Figure 5 shows the scores of ADAS-Cog, Digit
Span Forward, and Letter Fluency at baseline and
follow up assessment for all groups as it is described
in Table 7.

Table 8 shows that for �4 carriers, the ADAS-Cog
was better for Group 1 versus Group 2 (p = 0.020),
and Group 1 versus Group 3 (p = 0.020). MMSE was
better in Group 1 versus Group 2 (p = 0.044) Regard-

ing the Letter Fluency assessment Group 1 was better
than Group 2 (p = 0.007), while there were no other
significant differences of scores between the groups.

Figure 6 shows the differences of scores (follow up
score assessment versus baseline score assessment)
of ADAS-Cog, MMSE, and Letter Fluency between
three groups in the study.

A multivariate regression was conducted to see if
the baseline score of ADAS-Cog, age, gender, and
years of education predicted the difference in the
ADAS-Cog score between the baseline and 12 mon-
ths by the treatment. The reference level is Group 3.

Using the enter method, it was found that baseline
score of ADAS-Cog, age, gender, and years of edu-
cation explain a significant amount of the variance in
the value of sales made per week (F(5, 40) = 2.790,
p = 0.03, R2 = 0.259, R2Adjusted = 0.166).

The analysis showed that:

• baseline score of ADAS-Cog did significantly
predict value of the difference in the ADAS-
Cog score between the baseline and 12 months
(Beta = –0.454, t = –2.993, p = 0.005),

• age did not significantly predict value of the diff-
erence in the ADAS-Cog score between the bas-
eline and 12 months (Beta = 0.095, t = 0.632, ns),

• gender did not significantly predict value of the
difference in the ADAS-Cog score between the
baseline and 12 months (Beta = 0.035, t = 0.241,
ns),

Table 5
APOE distribution in each group

�2/�2 �3/�3 �4/�4 �2/�3 �2/�4 �3/�4 Presence of
APOE �4

Group 1 0 4 0 1 2 10 12
Group 2 1 1 0 0 5 7 12
Group 3 0 7 0 1 0 5 5
Kruskal- Wallis H(2) = 2.143 H(2) = 7.436 H(2) = 0.000 H(2) = 1.010 H(2) = 6.628 H(2) = 1.194 Group 1 and 2 versus 3

p = 0.343 p = 0.022 p = 1.000 p = 0.604 p = 0.036 p = 0.550 p = 0.001

Table 6
Mean and standard deviation (SD) of demographics of APOE �4 carriers (29 out of 44), and the results of the non-parametric statistical

Kruskal-Wallis test

Group 1 Group 2 Group 3 All Kruskal-Wallis
(n = 12) (n = 12) (n = 5) (n = 29) Test

mean±SD mean±SD mean±SD mean±SD H(df) = χ2, p

Age 68.0 ± 7.6 71.3 ± 8.8 69.8 ± 6.1 69.8 ± 7.8 H(2) = 1.255,
p = 0.534

Gender (F:M) 8 : 4 9 : 3 4 : 1 21 : 8 H(2) = 3.733,
p = 0.155

Education 11.4 ± 2.5 9.2 ± 3.8 12.6 ± 4.3 10.6 ± 3.6 H(2) = 0.369,
p = 0.831
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Fig. 5. Box plots are drawn for baseline and follow-up assessments of ADAS-Cog, Digit Span Forward, and Letter Fluency scores for �4
carriers in all three groups.

Fig. 6. Box plots are drawn for baseline and follow-up assessments of ADAS-Cog, MMSE, and Letter Fluency scores for �4 carriers in all
three groups.

• years of education did not significantly pre-
dict value of the difference in the ADAS-Cog
score between the baseline and 12 months
(Beta = –0.023, t = –0.152, ns),

• treatment did significantly predict value of the
difference in the ADAS-Cog score between the
baseline and 12 months (Beta = 0.313, t = 2.231,
p = 0.031)

DISCUSSION

The first systematic cultivation of the olive tree
for olive oil production worldwide took place in
Greece, in about 3500 BC in the Early Minoan times.
All types of the MeDi, especially the Greek type
of diet, are characterized by everyday use of high
amounts of EVOO in parallel with high intake of
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Table 7
Mean and standard deviation (SD) of the non-normally distributed scores of neuropsychological performance at baseline and 12 months

follow up, and the results of the non-parametric Wilcoxon Signed Ranks statistical test of �4 carriers for intra-group comparison

Baseline Follow-up Wilcoxon Signed
Assessment (12 months) Ranks Test

Assessment
mean±SD mean±SD Z, p

MMSE Group 1 28.2 ± 1.9 27.9 ± 1.9 Z = –0.418, p = 0.676a

Group 2 26.7 ± 1.4 28.2 ± 1.4 Z = –2.214, p = 0.027c

Group 3 27.0 ± 2.6 28.4 ± 2.1 Z = –1.890, p = 0.059 a

ADAS-Cog Group 1 11.4 ± 4.7 8.8 ± 5.3 Z = –2.197, p = 0.028a

Group 2 15.0 ± 3.5 9.7 ± 4.3 Z = –2.987, p = 0.003a

Group 3 11.5 ± 5.5 13.4 ± 6.3 Z = –1.214, p = 0.225a

Clock Drawing Group 1 4.17 ± 0.9 4.3 ± 1.0 Z = –0.816, p = 0.414b

Group 2 4.5 ± 0.9 4.5 ± 0.7 Z = –0.000, p = 1.000b

Group 3 4.8 ± 0.5 5.0 ± 0.0 Z = –1.000, p = 0.317a

Clock Copy Group 1 4.6 ± 0.5 4.8 ± 0.6 Z = –1.000, p = 0.317b

Group 2 4.7 ± 0.7 4.8 ± 0.5 Z = –0.577, p = 0.564c

Group 3 5.0 ± 0.0 5.0 ± 0.0 Z = 0.000, p = 1.000b

Trail Making A Group 1 57.4 ± 19.2 59.3 ± 30.9 Z = –0.314, p = 0.754b

Group 2 60.5 ± 34.4 60.4 ± 34.3 Z = –0.275, p = 0.783c

Group 3 53.6 ± 23.8 49.6 ± 16.6 Z = –0.405, p = 0.686c

Trail Making B Group 1 241.8 ± 132.5 214.2 ± 122.2 Z = –1.602, p = 0.109a

Group 2 271.5 ± 160.1 240.8 ± 135.9 Z = –1.067, p = 0.286a

Group 3 232.2 ± 156.2 139.4 ± 79.8 Z = –1.753, p = 0.080c

Digit Span Forward Group 1 5.8 ± 1.2 5.5 ± 0.7 Z = –1.414, p = 0.157a

Group 2 5.3 ± 1.0 4.8 ± 0.6 Z = –1.667, p = 0.096a

Group 3 5.4 ± 1.1 5.6 ± 0.5 Z = –0.378, p = 0.705a

Digit Span Backward Group 1 4.0 ± 1.3 4.1 ± 0.8 Z = –0.302, p = 0.763b

Group 2 3.5 ± 0.9 3.4 ± 0.9 Z = –0.378, p = 0.705a

Group 3 4.6 ± 1.1 4.6 ± 1.1 Z = 0.000, p = 1.000b

Logical Memory I Group 1 12.5 ± 3.5 12.0 ± 2.1 Z = –0.276, p = 0.783a

Group 2 11.7 ± 3.6 12.2 ± 2.6 Z = –0.711, p = 0.477c

Group 3 11.5 ± 2.8 12.6 ± 2.9 Z = –0.674, p = 0.500a

Logical Memory II Group 1 12.3 ± 2.8 12.0 ± 2.0 Z = –0.550, p = 0.582a

Group 2 10.9 ± 4.3 11.8 ± 2.7 Z = –0.845, p = 0.398c

Group 3 10.2 ± 2.8 12.1 ± 3.9 Z = –0.730, p = 0.465a

Letter Fluency Group 1 11.6 ± 3.9 14.2 ± 4.0 Z = –2.472, p = 0.013b

Group 2 9.9 ± 3.5 10.4 ± 2.8 Z = –1.023, p = 0.307c

Group 3 15.4 ± 14.1 19.3 ± 19.6 Z = –2.032, p = 0.042a

Category Fluency Group 1 18.6 ± 2.4 17.5 ± 2.9 Z = –1.295, p = 0.195a

Group 2 16.2 ± 2.1 16.1 ± 3.9 Z = –0.267, p = 0.790a

Group 3 26.1 ± 21.8 29.0 ± 26.3 Z = –1.095, p = 0.273a

Table 8
Comparison of the non-normally distributed �4 carriers for score differences of neuropsychological assessments between the three groups

(Group1, Group2 and, Group3) using the non-parametric statistical Mann-Whitney U Test

Group 1 versus Group 1 versus Group 2 versus
Group 2 Group 3 Group 3

U, p U, p U, p

MMSE U = 38.0, p = 0.044 U = 12.5, p = 0.060 U = 12.5, p = 0.060
ADAS-Cog U = 32.5, p = 0.020 U = 8.0, p = 0.020 U = 8.0, p = 0.020
Clock Drawing U = 64.0, p = 0.618 U = 30.0, p = 1.000 U = 30.0, p = 1.000
Clock Copy U = 66.5, p = 0.691 U = 25.0, p = 0.477 U = 25.0, p = 0.477
Trail Making A U = 68.0, p = 0.817 U = 28.0, p = 0.833 U = 28.0, p = 0.833
Trail Making B U = 67.5, p = 0.795 U = 15.0, p = 0.113 U = 15.0, p = 0.113
Digit Span Forward U = 67.0, p = 0.749 U = 24.0, p = 0.498 U = 24.0, p = 0.498
Digit Span Backward U = 66.5, p = 0.737 U = 30.0, p = 1.000 U = 30.0, p = 1.000
Logical Memory I U = 54.0, p = 0.295 U = 22.5, p = 0.425 U = 22.5, p = 0.425
Logical Memory II U = 58.0, p = 0.418 U = 21.5, p = 0.368 U = 21.5, p = 0.368
Letter Fluency U = 25.0, p = 0.007 U = 23.0, p = 0.459 U = 23.0, p = 0.459
Category Fluency U = 71.5, p = 0.977 U = 14.5, p = 0.102 U = 14.5, p = 0.102
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Fig. 7. The differences in scores of the assessments ADAS-Cog
and Letter Fluency between the �4 carriers of all three groups of
the study.

plant-based foods, relevant consumption of seafood,
low-to-moderate intake of dairy products, low intake
of meat, and a regular but moderate intake of red
wine [44]. There are many studies which suggest that
this kind of diet is significant for cognitive functions
[45–47].

Our intervention using Greek HP-EH-EVOO as an
add-on to the MeDi showed better cognitive abilities,
especially regarding general cognition, attention, and
fluency tasks as compared to controls after 12 months
of nutritional intervention. Moreover, our study con-
firms and further extends the benefits of the high
quality of olive oil. This is the first study that finds
such results in a double-blind randomized controll-
ed trial with three groups (HP-EH-EVOO, MP-EV
OO, and MeDi) in patients with MCI. In detail, the
HP-EH-EVOO group exhibited statistically signifi-
cant better performance after 12 months in ADAS-
Cog total score, in Digit Span and Letter fluency.
Consistent with other similar approaches, our results
show that ADAS-Cog is a very useful cognitive
scale in clinical trials with patients with MCI [48–
50]. In particular, the Pharma-Cog clinical study in
MCI participants (https://clinicaltrials.gov/ct2/show/
NCT01425957?term=pharmacog&draw=2&rank=1)
and the ALTOIDA clinical European with new tech-
nologies trial (https://clinicaltrials.gov/ct2/show/NC
T02843529?term=altoida&draw=2&rank=1) both
used ADAS-Cog in MCI population. This scale is
more sensitive than other tests in long-term evalu-

ation after administration of natural compounds in
AD patients [51, 52].

Participants from the MP-EVOO showed similar
improvement in MMSE and ADAS-Cog, supporting
that both natural compounds, which have healthy high
phenolic index, had a direct impact on the cogni-
tive performance of participants with MCI. On the
other hand, participants assigned to MeDi (Group
3) showed worse performance or stable scores in
the follow up assessment compared to their baseline
neuropsychological assessment and only statistically
significant scores of improvement in Letter or Cate-
gory fluency. In detail, the MICOIL study adds to the
great body of the literature that HP-EH-EVOO and
MP-EVOO could be a potential protective compound
from AD for those with cognitive impairment and
highlights these effects on cognition through different
mechanisms. The MeDi [53] and some of its nutrients
[54] have been related to lower serum concentra-
tions of inflammatory biomarkers. It is well known
that inflammatory processes have been considered
to be an underlying pathogenic mechanism of cog-
nitive decline. HP-EVOO and MP-EVOO, the main
experimental components of this MICOIL study, con-
tain a large amount of oleic acid, which has been
associated with lower inflammatory markers such
as CRP 49 and TNF-� [55]. Brain oxidative pro-
cesses play a major role in age-related cognitive
decline, thus consumption of antioxidant-rich foods
might help preserve cognition. A recent study sug-
gests that EVOO could have an effect on oxidative
stress that would lead to different signaling pathways
[56].

We examined if HP-EH-EVOO or MP-EVOO
added to MeDi could help improve the cognitive func-
tioning of patients with MCI who are either APOE
carriers or not. The results supported this hypoth-
esis. A recent study [57] examined the potential
impact of MeDi with antioxidant-rich food supple-
ments in cognition in comparison to a controlled
diet in elderly people. Cognitively healthy volunteers
were randomly allocated to a MeDi with a supple-
ment of EVOO (1 L/w), a MeDi with a supplement
of assorted nuts (30 g/d), or a control diet (reduction
of dietary fat). They concluded that in older adults,
the MeDi with a supplement of olive oil or nuts is
related to enhanced cognition. These results establish
the possible significant effect of Olive Oil extracts
for persons with cognitive impairment and dementia.
However, this study did not use a specific olive oil or
a high-quality olive oil, and the elderly had not been
diagnosed as MCI patients.

https://clinicaltrials.gov/ct2/show/NCT01425957?term=pharmacog&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT02843529?term=altoida&draw=2&rank=1
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To the best of our knowledge, there is no previous
randomized trial which has prospectively assessed the
effect of a Greek HP-EH-EVOO in comparison with
Greek MP-EVOO along with MeDi as an interven-
tion on MCI for the long duration of 12 months and
tested alongside the presence or absence of APOE.
APOE �4 carriers showed stability or improvement
after the administration of EVOO. Participants in
Group 1 and Group 2 were mostly APOE �4 carri-
ers (12/18, 12/16 respectively), which could partially
explain the fact that they did not show the signifi-
cant difference we wanted when compared, while in
Group 3 there were less patients who were APOE �4
carriers (5/16).

Additionally, even though the vast majority of pat-
ients in Group 1 and Group 2 had APOE �4, they
showed mild improvement in several domains of
cognitive function after the administration of HP-EH-
EVOO or MP-EVOO, whilst Group 3, which received
only the MeDi, had few APOE �4 carriers and those
few carriers did worse after one year follow up. In
a study conducted in Australia, the MeDi did not
show any protective association with cognition, and
no significant interaction was observed for the APOE
�4 genotype and the MeDi [58]. Consequently, our
study is the first to show the benefits of olive oil
in MCI over a long period of time and, in particu-
lar, for APOE �4 carriers. MICOIL study underlines
that the interaction between HP-EH-EVOO or MP-
EVOO consumption and genetic factors, which has
been previously poorly studied, could give us insight
into the potential mechanisms of olive oil towards
genetic predisposition.

The PREDIMED NAVARA Study that adminis-
tered nutritional supplements, specifically EVOO
and nuts, showed that participants of the EVOO
supplementation group had a significantly better per-
formance on both visual and verbal memory domains
compared to those given supplementation with nuts.
However, they did not measure baseline performance
of participants, which is a great bias of the study.
These results support an inverse association between
the consumption of EVOO and amnestic cognitive
impairment. Our results show that Group 1 and Group
2 had better performance in ADAS-Cog, which is
consistent with previous cross-sectional findings in
which a higher olive oil intake was associated with
improved memory function [59]. Our findings, espe-
cially the better performance on fluency tasks, are
in agreement with those with moderate to intensive
consumption of olive oil in the Three-City French
cohort [60].

Conclusions

In this prospective study of Greek elderly, com-
munity-dwelling, MCI cohort, the consumption of
Greek HP-EH-EVOO and MP-EVOO, in addition to
the MeDi, were associated with better general cogni-
tive performance especially regarding global cogni-
tion, letter fluency, and stability of MCI after 12
months compared to the control group. We all know
that the healthy olive oil according European Com-
mission directives has to include more than 250 mg/
kg Phenol molecules. Both of our EVOOs had more
than 250 mg/kg: The first one EH-EVOO had 975 mg/
kg and the second one had 271 mg/kg. In our study
there were no big differences after one year between
two kinds of EVOO. We suggest to have more longitu-
dinal studies with biological markers such as amyloid
or tau PET in order to see if the EVOOs changes the
pathology of MCI brains. It is necessary to perform
future randomized studies with larger sample sizes,
more biomarkers and longitudinal follow up cogni-
tive assessments to obtain stronger evidence on the
role of Greek HP-EH-EVOO or MP-EVOO on cog-
nition. The present study showed that Greek EVOO
consumption habits in an MCI elderly population
are significantly associated with selective cognitive
impairment, independently of other dietary intakes,
and could act as a protective compound, especially
for APOE �4 carriers. Our next steps are to continue
with more participants and for a longer duration of
time to see if these results remain or improve. We
would like to use more biological markers for better
follow up and to examine if the phenolic and vitamin
E ingredients of EVOO prevent the MCI patients with
APOE �4 to progress to AD after five or more years.

Limitations

The most important limitation is that the sample
size was relatively small. The reason was that the
sponsor had no EVOO of the same quality the next
year. However, similar approaches have examined the
potential benefits of the natural compounds for even
fewer participants. Due to the study design, only par-
ticipants at high risk of MCI were included, so caution
is needed in the extrapolation of these results to the
general population or people with MCI due to other
reasons except AD. Another limitation of the current
study is the absence of the fourth group of patients
with MCI in order to test their evolution with free
diet and without nutritional supplements (HP-EH-
EVOO or MP-EVOO). However, we strongly believe
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that not allocating MCI people in any interventional
program or any clinical trial is unethical due to the
fact that it constitutes a preclinical stage of dementia,
and if we deploy interventions, we may forestall the
progression of the disease.
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Contribution à l’étude de la perception et de la mémoire.
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