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Abstract: Background: Olive leaves are a significant source of biophenols, which have a beneficial
impact on cognitive performance. Objective: To examine, for the first time, in humans the effect
of the daily consumption of a beverage containing olive leaf extract (OLE) versus a Mediterranean
diet (MeDi) on patients diagnosed with mild Alzheimer’s Disease (AD), in addition to their regular
treatment. Methods: A randomized clinical trial compared OLE’s effects on cognitive and func-
tional performance in 55 mild AD patients. Each participant was randomly assigned to two groups:
(1) Group 1 was given olive leaves for making a daily beverage and MeDi instructions through
monthly diet programs; (2) Group 2 received only the MeDi instructions. After six months, all
participants underwent a second neuropsychological evaluation. Results: Group 1 participants
had statistically significantly higher MMSE scores compared to Group 2 with a p-value of 0.0135.
Specifically, the mean MMSE difference in patients receiving OLE was close to 0, indicating no
memory deterioration, whereas in controls it was −4.1, indicative of cognitive decline. The remain-
ing neuropsychological assessments (FRSSD, FUCAS, ADAS-Cog, CDR, GDS, and NPI) revealed
better results in the OLE group, except for GDS, which showed no change, but without statistically
significant differences between the two groups.

Keywords: Alzheimer’s disease; olive leaf extract; Mediterranean diet; mild dementia; natural
compounds

1. Introduction

Dementia is a progressive neurological disorder that deteriorates cognitive abilities,
resulting in challenges with daily activities, including financial management, transportation,
and personal care. Common symptoms encompass memory impairments, disorientation,
and difficulties with concentration and attention [1]. Alzheimer’s Disease (AD) is the
predominant type of dementia, initially recognized by Alois Alzheimer in 1906. Despite
more than a century of investigation, the exact causes of AD remain contentious. The
predominant hypothesis focuses on the aggregation of amyloid beta (Aβ) plaques, believed
to propel disease advancement. Nonetheless, alternative mechanisms, such as tau protein
hyperphosphorylation, oxidative stress, and neuroinflammation, are also thought to play a
role in the pathogenesis of AD [2]. Genetic factors significantly influence the development
of dementia, especially mutations in the amyloid precursor protein (APP) and presenilin 1
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and 2 genes. Additional risk factors encompass an increasing age, the female gender, low
levels of education, the presence of ApoE ε4 alleles, and lifestyle-related elements, including
physical inactivity, diabetes, cardiovascular disease, smoking, and hypertension [3,4].

Current pharmacological treatments for AD primarily target symptoms rather than
the underlying disease process. Cholinesterase inhibitors, such as donepezil, rivastigmine,
and galantamine, are commonly prescribed for patients in the early-to-moderate stages
of the disease. These agents increase acetylcholine levels in the brain, temporarily im-
proving cognitive function and reducing behavioral symptoms. Memantine, an NMDA
receptor antagonist, is used in moderate-to-severe cases, either alone or in combination
with cholinesterase inhibitors. However, these treatments offer only modest benefits and do
not halt disease progression [5]. Furthermore, therapies targeting the amyloid hypothesis
have been largely unsuccessful. Strategies aimed at reducing Aβ production through
the inhibition of β or γ secretase or promoting Aβ clearance via immunotherapy (active
vaccines or passive administration of anti-amyloid antibodies) have shown limited efficacy
in clinical trials. Recently, anti-amyloid antibodies, such as lecanemab, have shown some
ability to slow disease progression, though their clinical benefits remain modest, and they
carry risks of adverse effects [6,7].

Given the limitations of conventional treatments, there is growing interest in natural
products as alternative therapies for AD and other chronic diseases. Olive leaves, in partic-
ular, have been studied for their bioactive compounds, which include polyphenols, like
oleuropein and hydroxytyrosol. These compounds exhibit antioxidant, anti-inflammatory,
and neuroprotective properties, making them promising candidates for treating age-related
diseases [8,9].

In animal studies, olive leaf extract (OLE) has been associated with weight loss, a
decreased fat cell size, reduced hyperglycemia and dyslipidemia, and a lower risk of
metabolic syndrome [10–12]. Human studies indicate that oleuropein improves glucose
metabolism, lowers HbA1c, and reduces fasting plasma insulin levels [13,14]. Moreover,
clinical studies indicate that OLE can significantly lower blood pressure, yielding results
akin to antihypertensive drugs, while also favorably affecting arterial stiffness and de-
creasing total cholesterol, LDL, and triglyceride levels [15–19]. Olive polyphenols also
exhibit anti-cancer properties. In vitro and in vivo studies have demonstrated that olive
polyphenols inhibit cancer progression by reducing inflammation and modulating molecu-
lar pathways [20]. A review of 25 studies found that high olive oil intake was associated
with a 38% reduction in breast cancer risk and a decreased incidence of cancers in the
upper aerodigestive tract [21]. Additionally, olive polyphenols have a structure similar
to estrogens, meaning they can interact with estrogen receptors and potentially decrease
the prevalence and progression of hormone-related cancers, such as breast and prostate
cancer [22]. The antioxidant and anti-inflammatory properties of biophenols make them
promising candidates for autoimmune disease treatments as well. Studies show that oleu-
ropein and hydroxytyrosol reduce neutrophil infiltration, downregulate pro-inflammatory
cytokines like TNF-a and reactive oxygen species (ROS), and promote anti-inflammatory
pathways [11,23–26]. These effects have been observed in models of rheumatoid arthritis
and ulcerative colitis [27–29]. Olive leaf extract also exhibits antimicrobial activity, effective
against bacteria candida and viruses like HSV-1 and HSV-2 [30–33].

Natural products have gained growing attention for their potential in preventing
and treating neurodegenerative diseases. Olive polyphenols, especially oleuropein, have
shown protective effects in in vitro and animal studies by reducing amyloid aggregation
and promoting the formation of non-toxic oligomeric intermediates [34,35]. Oleuropein
enhances the non-amyloidogenic pathway by facilitating amyloid precursor protein (APP)
clearance, inhibiting amyloid-beta (Aβ) aggregation, and disrupting preformed Aβ fibrils,
positioning it as a promising therapeutic agent for Alzheimer’s disease [36–38]. More-
over, biophenols, like oleuropein, exhibit neuroprotective properties through the inhibition
of acetylcholinesterase (AChE), butyrylcholinesterase (BChE), and lipoxygenase (LOX),
crucial targets in AD treatment [39,40]. Animal studies further validate oleuropein’s neuro-
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protective potential, linking it to an increased lifespan and improved cognitive function [41].
In a mouse model, a 3-month OLE-enriched diet slowed Alzheimer’s progression by reduc-
ing neuroinflammation, promoting anti-inflammatory pathways, and enhancing amyloid
clearance [42]. Another study using an extract of roasted date seeds, nigella, and olive oil
showed hippocampal regeneration and cognitive improvement in AD rodents [43].

Most research has focused on extra virgin olive oil (EVOO), rich in biophenols, like
oleuropein and hydroxytyrosol, showing its ability to reduce tau pathology, enhance brain
plasticity, improve memory, restore mitochondrial function, and protect neural cells from
amyloid aggregation [44–46]. In stroke models, hydroxytyrosol (HT) improved memory,
reduced neuroinflammation, and increased cerebral blood flow [47], while in AD mice, HT
improved neuronal viability and activity [48]. Olive oil has demonstrated neuroprotective
properties also in Parkinson’s disease (PD). In a worm model of PD, olive oil enhanced
locomotion, reduced α-synuclein accumulation, and protected dopaminergic neurons from
neurodegeneration [49]. Oleuropein also shows promise for multiple sclerosis (MS) by
mitigating oxidative stress, upregulating antioxidant enzymes, and preserving myelin
integrity [50]. Furthermore, in an epilepsy rat model, OLE significantly reduced the seizure
score and oxidative stress index while increasing the level of glutathione [51].

Numerous human trials involving the Mediterranean diet (MeDi) and extra-virgin
olive oil (EVOO) support the beneficial effects of biophenols on brain function. The
MeDi’s high antioxidant content decreases the subjects’ likelihood of developing AD [52].
Additionally, adherence to the MeDi is linked not only to a lower risk of developing AD
and mild cognitive impairment (MCI) but also to a reduced likelihood of MCI progressing
to AD. Clinical trials have demonstrated that greater adherence to the MeDi is associated
with improved cognitive performance, as measured by the Mini-Mental State Examination
(MMSE) and Brief Cognitive Screening Battery (BCSB) [53–55]. The MICOIL study in Greece
showed that long-term EVOO consumption significantly improved cognitive function,
even in individuals with the APOE4 gene variant, which is associated with increased AD
risk [56]. Similarly, the MedLey study found that a MeDi enriched with EVOO enhanced
cognitive performance, particularly in processing speed, memory, attention, and executive
function, as well as psychological well-being in adults over 65 [57]. Moreover, EVOO has
shown promising results in treating severe depression, with daily consumption leading to a
significant improvement in depression scores, measured based on the Hamilton Depression
Rating Scale [58].

In conclusion, olive leaves exhibit beneficial effects on various age-related diseases,
largely due to their anti-inflammatory properties. For chronic conditions, like AD, where
current treatments are insufficient, discovering complementary therapies is essential. Olive
leaf extract (OLE), when used alongside standard AD treatments, may offer additional
protection. While laboratory and animal studies support OLE’s potential, human trials
assessing its impact on cognitive impairment are still lacking.

Aim of the Study

This is the first reported randomized clinical trial that administered Greek olive leaf
extract to people with mild AD. Our experimental study’s objective was to compare the
effects of Greek OLE in combination with the Mediterranean diet (Group 1) versus only
the Mediterranean diet (Group 2), on the cognition of patients with mild AD. The duration
of the research was six months. The trial involved elderly Greek-speaking participants
between the ages of 55 and 85, who lived in the community and were members of the Greek
Association of Alzheimer’s Disease and Related Disorders (GAADRD). Olive leaves were
selected for their potential health benefits, such as their antioxidant, anti-inflammatory, and
antimicrobial properties, as well as their high concentration of polyphenols in comparison
to virgin olive oil. Furthermore, numerous in vitro studies have demonstrated OLE’s ability
to decrease the aggregation of Aβ42 and tau proteins. The olive leaves utilized in the
trial were sourced from award-winning olive trees in the Mediterranean area (Halkidiki of
Macedonia, Greece) in 2020. The Golden Tree Company (Halkidiki, Greece) provided the
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leaves for free without burden. The hypothesis was that participants in Group 1 would
demonstrate an improvement in cognitive function, as determined by a neuropsychological
assessment after six months, in comparison to participants in Group 2.

2. Materials and Methods
2.1. Beverage of Greek Olive Leaves

The olive leaves used in this study were sourced from olive trees in Halkidiki, supplied
by the Golden Tree Company, and were certified organic by the Hellenic Ministry of Rural
Development and Food, with a code number GR-BIO-12. Prior to participant recruitment,
the leaves were analyzed for pesticide and phthalate ester concentrations and were found
to contain less than 0.01 mg/kg and 0.10 mg/kg, respectively, making them acceptable
for use in a clinical trial. These leaves are known to contain high levels of oleuropein,
the most important bio-phenolic compound, which has various health advantages in the
treatment of numerous chronic diseases [59]. The oleuropein concentration in the leaves
was measured using the High-performance Liquid Chromatography with Photodiode-
array Detection technique (HPLC-DAD) at 280 nm and was found to be between 1.98
(±0.09) and 3.96 (±0.09) g/100 g dry olive leaves, according to our most recent chemical
analysis conducted in 2020 and 2021. Having been dried and chopped, olive leaves were
extracted with methanol for 30 min under irrigation and a 60 ◦C temperature. After the
filtration procedure, the methanolic extracts were diluted with water and analyzed for
their phenolic compounds’ quantity. Including estimations of pH, CaCO2, NO3, P, Na,
K, Ca, Mg, B, Zn, Fe, Mn, and Cu concentrations, all were tested and found to be within
acceptable ranges. Furthermore, the pesticides were examined in depth, and certificates
were issued attesting to the high quality of the soil’s components, (extra virgin) olive oil
and olive leaves. Participants in Group 1 were asked to prepare a daily beverage using
21 g of chopped, dry olive leaves steeped in 450 mL of room temperature water for 20 min.
This allowed consumers to access the healthful components of olive oil without consuming
excessive quantities and thereby limiting their caloric intake [12].

2.2. Mediterranean Diet (MeDi)

Numerous studies have demonstrated that the health benefits of the Mediterranean
Diet (MeDi) are well-known. People with higher rates of MeDi adherence have lower
rates of coronary heart disease and cancer-related mortality, as well as lower risks of
dyslipidemia, hypertension, abnormal glucose metabolism, obesity, cerebrovascular disease,
stroke, depression, and cognitive impairment [60–62]. Therefore, an increasing number of
individuals attempt to incorporate MeDi into their way of life. It consists of a nutritionally
balanced diet. A food pyramid is frequently used to illustrate the proportions of individual
food categories’ consumption. Fruits, vegetables, whole grains, and olive oil for cooking
and salads are recommended for daily consumption at the base of this pyramid. In the
middle, which should be consumed at least twice per week, are legumes, fish, nuts, and
poultry. Moreover, a moderate consumption of dairy products such as cheese and yogurt
is recommended. At the top of the pyramid are saturated fats and meat (especially red
meat), both of which should be consumed sparingly (two to four times per month). Wine
(mostly red) is also ingested in moderation with meals, a fact that is currently disputed by
some scientists.

2.3. Participant Recruitment

The study recruited participants from two Day Centers of the Greek Association of
Alzheimer’s Disease and Related Disorders (GAADRD) between September 2020 and
December 2021. Participants in the study were diagnosed with mild AD by an expert neu-
ropsychiatrist. A thorough laboratory examination was conducted, which included general
blood tests, hepatic and renal biochemical tests, tests for thyroid-stimulating hormone
(TSH), free triiodothyronine (FT3), free thyroxine (FT4), vitamin B12, vitamin D, folic acid,
homocysteine, and a syphilis screening (RPR). Brain imaging, primarily through magnetic
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resonance imaging (MRI), or, in cases of patient objections, computed tomography (CT),
was conducted to exclude secondary or reversible causes of dementia. After completing
the medical examinations, patients underwent detailed neuropsychological testing. Based
on the neuropsychological results, medical history, and clinical examinations, the neuropsy-
chiatrist made the final diagnosis. Participation in the study was completely voluntary.
All participants signed a consent form containing all trial-related information, which was
explained to them orally and written. They were assured that they could withdraw from
the research project without repercussions at any time. The Ethical Committee of GAADRD
approved the study, known as the GOLDEN study, in September 2020 (approval code
63/12 December 2020), in accordance with the Declaration of Helsinki. The study was
registered as a clinical trial under the registration number NCT04440020.

2.4. Inclusion Criteria

Participants in the study were between 55 and 85 years old, with a confirmed diagnosis
of mild Alzheimer’s disease (AD) and a minimum educational level of five years. All
subjects were receiving Donepezil, a cholinesterase inhibitor, with a stable dosage for at
least four months prior to enrollment. Additionally, participants were on stable treatments
for other chronic conditions, except those outlined in the exclusion criteria. This ensured
consistency in their medical management and minimized potential confounding factors
that could affect the study outcomes. The score of the Geriatric Depression Scale (GDS) was
under ten and the score of the Hachinski Modified Ischemic Scale was equal or under four.

2.5. Exclusion Criteria

Subjects were excluded due to the following:

1. Inadequate auditory and visual acuity for neuropsychological testing;
2. Participation in other trials or studies;
3. History of other neurological disorders, such as epilepsy, multiple sclerosis, stroke,

or severe psychiatric disorders like schizophrenia, major depression, or severe anxi-
ety disorder.

4. Use of forbidden medications:

(i) Antidepressants with anti-cholinergic properties, such as tricyclic antidepres-
sants, paroxetine.

(ii) Frequent use of opioid analgesics (greater than two doses per week) within
four weeks preceding screening.

(iii) Utilization of neuroleptics with anticholinergic actions within four weeks of
screening (e.g., clozapine, risperidone, olanzapine, chlorpromazine).

(iv) Chronic prescription of other medicines with significant anti-cholinergic effects
on the central nervous system within four weeks of screening (e.g., H1 receptor
antagonists, first-generation orphenadrine, or tizanidine)

(v) Use of antiparkinsonian treatment within 4 weeks of screening

2.6. Neuropsychological Assessment

The neuropsychological evaluation focused on assessing key cognitive domains, in-
cluding attention, working memory, episodic memory, visuospatial skills, executive func-
tions, and language abilities, providing a broad overview of the participants’ cognitive
status. The neuropsychological tests included the following:

1. The Mini-Mental State Examination (MMSE) to evaluate the general cognitive function
or Hindi Mental State Examination test in cases of participants with a low level of
education. An unauthorized version of the Greek MMSE was used by the study team
without permission. The MMSE is a copyrighted instrument and may not be used or
reproduced in whole or in part, in any form or language, or by any means without
written permission of PAR.
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2. Global Clinical Dementia Rating score (CDR) for general cognitive and functional
conditions.

3. Alzheimer Disease Assessment Scale-Cognitive (ADAS-Cog) to assess the severity of
cognitive dysfunction.

4. Functional Cognitive Assessment Scale (FUCAS), for daily functioning assessment.
5. Functional Rating Scale for Dementia (FRSSD), to evaluate daily functioning.
6. Geriatric Depression Scale for depressive symptoms (GDS).
7. Neuropsychiatric Inventory for the evaluation of other psychiatric symptoms (NPI).

2.7. Study Design and Procedure

Each patient at the Day Center was evaluated by a psychologist employing special-
ized neuropsychological tests. The patient was then examined by a neuropsychiatrist
who makes a diagnosis and determines if the patient met the inclusion criteria based on
demographic information, medical history, neuropsychological assessment, neurological
and laboratory examinations, and MRI or CT brain scans. To be eligible for the study, all
patient examinations had to b be current, with laboratory tests and neuropsychological
evaluations performed within the past six months and MRI or CT scans performed within
the last twelve months. Once a patient met all eligibility requirements, a health professional
informed them of the study, explained the procedures, and obtained their written consent.
Figure 1 illustrates the study design, including the randomization of participants with mild
AD into two groups. Each participant was assigned to one of two groups at random: Group
1 received olive leaves and a recipe to make a daily olive leaf extract (OLE) beverage as
well as Mediterranean Diet (MeDi) instructions, while Group 2 received only the MeDi
instructions. The minimum duration of the study was six months.
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Figure 1. Initial plan for the Golden Study after recruitment and randomization of participants,
allocation to Groups 1 and 2, and neuropsychological evaluation six months later.

Participants in Group 1 were required to visit the Day Center monthly, either alone
or with a caregiver, to receive a 30-day supply of olive leaves. During these visits, a
healthcare professional conducted brief interviews to assess adherence to the prescribed
diet and monitor any adverse events or trial-related complications. Each participant in
Group 1 consumed the same daily dose of olive leaf extract (OLE). They were instructed
to prepare a daily beverage by steeping 21 g of chopped, dried olive leaves in 450 mL of
room-temperature water for 20 min. After removing the leaves, participants could consume
the OLE beverage either all at once or divided into two to three portions throughout the
day. The total daily intake of OLE remained consistent for all participants in Group 1.
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In contrast, Group 2 participants were not required to attend regular visits but partici-
pated in monthly semistructured phone interviews with a health professional to monitor
their adherence to the Mediterranean Diet (MeDi). The MeDi Scale we used was developed
by Panagiotakos et al. and has been widely used in research to investigate the health
benefits and associations of MeDi with various outcomes, such as cardiovascular diseases,
diabetes, and overall mortality [61]. The MeDi Scale assigns points to various components
of the MeDi based on an individual’s consumption. The components typically considered in
the score include the following: (1) fruits, a higher consumption of fruits is associated with
a higher score; (2) vegetables, similarly, a higher consumption of vegetables contributes
to a higher score; (3) legumes, the consumption of legumes, such as beans, lentils, and
chickpeas, is positively scored; (4) cereals, cereals and whole grains are included in this
category and are recommended for daily consumption; (5) fish, the regular consumption
of fish, which is a good source of omega-3 fatty acids, is associated with a higher score;
(6) meat and meat products, lower consumption of meat and meat products is favored in
the Mediterranean diet, so higher intake leads to a lower score; (7) dairy products, the MeDi
score considers the moderate consumption of dairy products, such as milk, cheese, and yo-
gurt; (8) alcohol, moderate alcohol consumption, typically a glass of red wine during meals,
is positively scored; (9) ratio of monounsaturated to saturated fatty acids, a higher ratio
of monounsaturated to saturated fatty acids corresponds to a higher score. By assigning
points to each component, the MeDi Score provides a quantitative measure of adherence
to the MeDi. Higher scores indicate greater adherence, while lower scores suggest poorer
adherence to the diet. The scoring methodology devised by Panagiotakos et al. for each
category of the MeDi Score ranges from 0 to 5 based on the frequency of consumption. The
final score ranges from 0 to 55, with calculated tertiles representing low (0–20), moderate
(21–35), and high (36–55) adherence to the MeDi.

2.7.1. Randomization

After the baseline assessment, patients with mild AD who met all the inclusion criteria
and gave consent to participate in the clinical trial, were randomized to one of the two
groups. For the randomization, we used the RAND function in Microsoft Excel 2010. This
function is used to generate a random number between 0 and 1. In human studies, it can
be used to randomly assign participants to different groups or conditions or to randomize
the order in which stimuli are presented. The result will be a random number between
0 and 1. It is important to note that Excel’s RAND function is a pseudo-random number
generator, meaning that the generated numbers are not truly random but are instead
generated using a mathematical algorithm, which is called the Mersenne Twister algorithm,
and it is designed to generate a long sequence of high-quality pseudo-random numbers
that are statistically indistinguishable from true random numbers. It is one of the best and
most efficient algorithms for generating pseudo-random numbers and is widely used in
various programming languages and applications. However, for most applications, Excel’s
RAND function is adequate for generating random numbers.

2.7.2. Participants’ Withdrawals and Abandonment

The only person who knew who was in each group until the conclusion of the six-
month follow-up was the project manager, who was also in charge of distributing the olive
leaves and providing MeDi instructions monthly. Neither the health professionals nor the
patients themselves could choose which group they would be divided into, as this was
determined by the randomization system. Therefore, all independent evaluators were
blind to the group assignment. The interviews and neuropsychological evaluation were
conducted in a manner that concealed the participants’ allocation. N = 55 patients were
initially enrolled in the study and randomly assigned to one of the two groups; however,
only 23 patients completed the study (Figure 2).
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Figure 2. Flow chart presenting participants’ enrollment, randomization, allocation in Groups 1 and
2, withdrawals during the procedure, and the final sample included in the statistical analysis.

Situations responsible for participants’ withdrawal were as follows: (1) death or severe
medical issues, such as heart or kidney failure, that manifested during the procedure;
(2) a participant’s refusal to sign a consent form; (3) presence of adverse side effects after
consuming OLE, mainly gastrointestinal disorders; (4) one participant withdrew volun-
tarily from the study for personal reasons; (5) failure to adhere to the trial’s instructions;
(6) intervention with OLE or MeDi guidelines lost for more than a month; (7) some denied
assessment after the six-month follow-up.

There were 32 withdrawals from the study: 12 in Group 1 and 18 in Group 2, with
reasons outlined (Figure 2). The majority of participants who did not complete the study
cited difficulties in attending the monthly visits to the GAADRD Day Centers and com-
pleting the comprehensive neuropsychological assessments, laboratory tests, and the final
medical evaluation by the expert neuropsychiatrist. This discontinuation was primarily
due to the COVID-19 pandemic, which heightened fear, particularly among the elderly,
and discouraged them from leaving their homes to attend the Day Centers.
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2.7.3. Statistical Analysis

All statistical analysis was performed with R studio, a programming language for
statistical computing and graphics. The aim of our study was to evaluate the neuroprotec-
tive effects of olive leaves by comparing changes in neuropsychological assessment scores
between the two groups. We measured the percentage change in scores before and after the
intervention and contrasted these results with those of Group 2, which did not consume
olive leaves. To achieve this, we created a new variable for each neuropsychological test,
representing the difference between the initial and final scores. For example, “MMSE_dif”
calculated the difference in MMSE scores at the beginning and after six months of interven-
tion. We then compared this variable between the two groups to determine if there were
statistically significant differences. This procedure was repeated for all neuropsychological
tests, generating a difference variable for each test and conducting statistical analyses to
compare outcomes between Group 1 and Group 2.

To proceed with the statistical analysis of categorical variables (gender, cases, or
controls) and express their results as percentages, we used the chi-square test or Fisher’s test,
the latter being an alternative test for situations where the chi-square test conditions were
not met or because of our small sample size Fisher’s test led to more accurate conclusions.
For continuous variables (age, years of education, neuropsychological assessment), we
utilized the student t-test when variables were normally distributed, and their results were
expressed as the mean and standard deviation, or the Mann–Whitney–Wilcoxon U-test
when variables were not normally distributed, and their results were expressed as the
median and interquartile range. For contractions between case and control groups, we
utilized the independent t-test, which compares the mean of the differences between the
initial and final value for every neuropsychological test in the two groups, or the Wilcoxon
Signed Rank test for non-parametric variables, with the Bonferroni correction. Normality
was examined graphically with boxplots or histograms and arithmetically with the Shapiro
test and the Levene’s test, when necessary, for investigating the variances’ equality. Lastly,
it is generally accepted that p-values less than 0.05 are statistically significant.

3. Results

In terms of demographic characteristics, including age (years), education (years), and
gender distribution (F/M), no statistically significant differences were found between the
two groups.

Regarding baseline neuropsychological assessments, conducted prior to study enroll-
ment, most tests revealed no significant differences between the groups. The only exception
was the Functional Cognitive Assessment Scale (FUCAS), where scores were significantly
higher in the OLE group, suggesting reduced daily functioning compared to controls. Other
assessments, including the Mini-Mental State Examination (MMSE), Alzheimer’s Disease
Assessment Scale-Cognitive Subscale (ADAS-Cog), Clinical Dementia Rating (CDR), and
the Functional Rating Scale for Symptoms of Dementia (FRSSD), showed no statistically
significant differences between the two groups. In terms of neuropsychiatric symptoms,
both the Neuropsychiatric Inventory (NPI) and Geriatric Depression Scale (GDS) indicated
no significant differences between the groups.

Table 1 presents the initial values of all neuropsychological tests. Except for the GDS,
all other tests followed a normal distribution. Similarly, Table 2 displays the results of
neuropsychological assessments after a 6-month follow-up, where all variables, except
for the NPI, were normally distributed, with p-values greater than 0.05 in both groups, as
determined by the Shapiro–Wilk test. A full breakdown of statistical analyses, including the
Shapiro–Wilk test for normality, Levene’s test for equality of variances, and comparative
tests (independent t-tests and Wilcoxon rank sum tests), is provided in the Supplementary
Materials (Tables S1 and S2).
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Table 1. Initial values of the Neuropsychological evaluation in both the case and control groups,
as well as statistical analysis with independent t-tests for normally distributed variables (Mean
and Standard Deviation (SD)) and Wilcoxon rank sum tests for non-normally distributed variables
(Median and Interquartile Range (IQR)).

Characteristic Case, n = 13 Control, n = 10 p-Value

Age, Median (IQR) 77.0 (3.0) 78.0 (7.5) 0.4
Education, Median (IQR) 9.0 (9.0) 7.0 (5.3) 0.5

MMSE_A, Mean (SD) 21.1 (3.9) 22.9 (3.1) 0.3
FRSSD_A, Mean (SD) 7.60 (2.37) 6.17 (2.48) 0.3

Unknown 3 4
GDS_A, Median (IQR) 2.00 (1.50) 4.00 (4.00) 0.4

Unknown 2 2
FUCAS_A, Mean (SD) 56.0 (5.9) 48.3 (2.9) 0.007

Unknown 3 3
CDR_A, Mean (SD) 3.64 (1.91) 3.07 (1.62) 0.7

Unknown 6 3
ADAS_A, Mean (SD) 32 (11) 26 (7) 0.3

Unknown 3 3
NPI_A, Mean (SD) 8 (7) 17 (15) 0.5

Unknown 5 4
Wilcoxon rank sum test or Wilcoxon rank sum exact test was used for statistical analysis.

Table 2. Final values of the Neuropsychological evaluation in both the case and control groups,
as well as statistical analysis with independent t-tests for normally distributed variables (Mean
and Standard Deviation (SD)) and Wilcoxon rank sum tests for non-normally distributed variables
(Median and Interquartile Range (IQR)).

Characteristic Case, n = 13 Control, n = 10 p-Value

MMSE_B, Mean (SD) 20.4 (3.7) 18.8 (4.5) 0.4
FRSSD_B, Median (IQR) 7.0 (2.0) 9.0 (8.0) 0.2

Unknown 4 1
GDS_B, Mean (SD) 3.22 (2.64) 3.25 (2.71) >0.9

Unknown 4 2
FUCAS_B, Mean (SD) 57 (7) 56 (10) >0.9

Unknown 2 0
CDR_B, Mean (SD) 4.10 (2.61) 4.83 (3.33) >0.9

Unknown 8 4
ADAS_B, Mean (SD) 29.8 (9.3) 30.0 (1.4) >0.9

Unknown 7 6
NPI_B, Median (IQR) 2 (5) 14 (12) 0.2

Unknown 5 3

To better capture the longitudinal effects of the intervention on cognitive, functional,
and psychiatric outcomes, we created a set of difference variables (_dif) for each primary
neuropsychological measure. These difference variables (MMSE_dif, ADAS_dif, CDR_dif,
FRSSD_dif, NPI_dif, GDS_dif, and FUCAS_dif) were calculated by subtracting the follow-
up scores from the baseline scores. This approach enabled us to focus on individual changes
over time, which is crucial when assessing interventions aimed at slowing or reversing
disease progression.

The analysis of MMSE_dif, the variable representing the change in MMSE scores from
baseline to 6 months, revealed a notable difference between the two groups. Participants in
Group 1 (receiving OLE in addition to MeDi) exhibited significantly less cognitive decline
compared to those in Group 2 (controls receiving only MeDi instructions). The mean
change in MMSE scores for Group 1 was close to zero, indicating stability in cognitive
function over the study period. In contrast, Group 2 experienced a marked decline in
MMSE scores, with a mean change of approximately −4 points. This significant difference
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(p < 0.05) suggests a potentially protective role of OLE in maintaining cognitive function
over time.

For functional measures, the FRSSD_dif variable, representing changes in the Func-
tional Rating Scale for Symptoms of Dementia, showed a modest improvement in Group 1
compared to Group 2. Specifically, participants in Group 1 experienced a slight reduction
in FRSSD scores, suggesting a potential improvement in daily functioning, whereas Group
2 saw an increase in FRSSD scores, indicating a decline in their ability to perform daily
tasks. Although these changes favored the OLE group, the differences were not statisti-
cally significant. Similarly, the FUCAS_dif variable, capturing changes in the Functional
Cognitive Assessment Scale, showed no significant difference between groups. However,
Group 1 demonstrated a slight improvement in daily cognitive functioning, while Group 2
experienced a minimal change. The Clinical Dementia Rating (CDR) assessments showed
better results in the OLE group, although these differences were not statistically signifi-
cant. Additionally, while the Alzheimer’s Disease Assessment Scale-Cognitive Subscale
(ADAS-Cog) results indicated a worse decline in the control group, the findings were not
taken into account due to a significant amount of missing data, limiting the ability to draw
definitive conclusions from this measure.

In terms of psychiatric symptoms, the NPI_dif variable, representing changes in the
Neuropsychiatric Inventory, showed a trend toward improvement in Group 1 compared
to Group 2, with the OLE group showing lower NPI scores at follow-up. This indicates a
possible beneficial effect of OLE on neuropsychiatric symptoms, although the results did
not reach statistical significance. Regarding mood, the GDS_dif variable, which tracked
changes in depressive symptoms, showed a minor improvement in the control group
compared to the OLE group, but no significant differences were observed between the
two groups. It is important to note that depressive symptoms were mild at baseline in
both groups.

Table 3 presents the mean and standard deviation for variables that followed a normal
distribution, along with the median and interquartile range for those that did not, all
accompanied by their respective p-values. Among these variables, only the MMSE_dif
demonstrated a p-value of less than 0.05, indicating a statistically significant result. Figure 3
provides a graphical representation of these findings, facilitating a visual comparison of
the outcomes between the two groups.

Table 3. The table provides a summary of all variables, including demographic information and
differences in neuropsychological test scores between the case and control groups following the
6-month clinical trial. For normally distributed variables (MMSE, FRSSD, GDS), statistical analysis
includes the Mean and Standard Deviation (SD), whereas it includes the Median and interquartile
range (IQR) for non-normally distributed variables (age, education, FUCAS, CDR, ADAS-Cog, NPI).
Statistically significant differences between the two groups were estimated using the independent
t-test and Wilcoxon rank sum test, with the p-values depicted in the final column. The MMSE scores
of the group receiving OLE were significantly improved than those of the control group (p < 0.05),
indicating a possible neuroprotective effect of olive leaves on cognitive performance.

Characteristic Case (n = 13) Control (n = 10) p-Value

Age, Median (IQR) 77.0 (3.0) 78.0 (7.5) 0.4

Education, Median (IQR) 9.0 (9.0) 7.0 (5.3) 0.5

MMSE_diff, Mean (SD) −0.69 (2.84) −4.10 (3.21) 0.009

FRSSD_diff, Mean (SD) −1.3 (3.1) 2.3 (4.7) 0.2

Unknown 5 4

GDS_diff, Mean (SD) 0.22 (3.56) 1.50 (2.43) 0.3

Unknown 4 4

FUCAS_diff, Median (IQR) 4.5 (5.3) 0.0 (4.5) 0.6
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Table 3. Cont.

Characteristic Case (n = 13) Control (n = 10) p-Value

Unknown 5 3

CDR_diff, Median (IQR) 0.75 (0.75) 0.50 (0.75) 0.8

Unknown 9 8

ADAS_diff, Median (IQR) 2.5 (6.6) 3.3 (1.2) 0.9

Unknown 10 6

NPL_diff, Median (IQR) −1 (12) 0 (3) 0.8

Unknown 8 5
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Figure 3. This Figure illustrates the mean difference between the initial and final values of each
neuropsychological test for Group 1 (OLE) and Group 2 (controls). For NPI, the difference is rep-
resented by the median due to the absence of a normal distribution and the significant number of
incomplete data. The ADAS-Cog test had >70% of its data absent, so it could not be evaluated safely.
Each group’s mean, standard deviation (SD), median, and interquartile range (IQR) are presented for
each variable. OLE led to improvements in memory, cognitive, and functioning neuropsychological
tests: MMSE, FUCAS, FRSSD, and CDR, with MMSE results being statistically significant (p < 0.05
and Confidence Interval: from 0.779 to 6.04, without including 0). OLE did not appear to help the
depression scale (GDS), but it did improve psychiatric symptoms (NPI).

In summary, the most notable outcome was the significant improvement in cogni-
tive function, as measured based on the MMSE, in the OLE group compared to controls.
Functional and psychiatric outcomes also showed a trend toward improvement in the OLE
group, but these changes were not statistically significant. Detailed statistical analyses for
all variables, including normality checks, variance equality tests, and specific statistical
comparisons, are provided in the Supplementary Materials.

Table 3 provides a summary of all variables, including demographic information and
differences in neuropsychological test scores between the case and control groups following
the 6-month clinical trial. For normally distributed variables (MMSE, FRSSD, GDS), the
statistical analysis included the mean and standard deviation (SD), whereas it included
the median and interquartile range (IQR) for non-normally distributed variables (age,
education, FUCAS, CDR, ADAS-Cog, NPI). Statistically significant differences between the
two groups were estimated using the independent t-test and Wilcoxon rank sum test, with
the p-values depicted in the final column. The MMSE scores of the group receiving OLE
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were significantly improved compared to those of the control group (p < 0.05), indicating a
possible neuroprotective effect of olive leaves on cognitive performance.

Figure 3 illustrates the mean difference between the initial and final values of each
neuropsychological test for Group 1 (OLE) and Group 2 (controls). For NPI, the difference
is represented by the median due to the absence of a normal distribution and the significant
amount of incomplete data. The ADAS-Cog test had >70% of its data absent, so it could not
be evaluated safely. Each group’s mean, standard deviation (SD), median, and interquartile
range (IQR) are presented for each variable. OLE led to improvements in memory, cognitive,
and functioning neuropsychological tests: MMSE, FUCAS, FRSSD, and CDR, with MMSE
results being statistically significant (p < 0.05 and confidence interval: from 0.779 to 6.04,
without including 0). OLE did not appear to help the depression scale (GDS), but it did
improve psychiatric symptoms (NPI).

4. Discussion

Dietary supplements derived from natural substances have been intensively inves-
tigated for their cognitive-enhancing properties. Extra virgin olive oil is integral to the
Mediterranean diet, especially in Greece. Olive oil ingredients may improve memory, atten-
tion, and general function in patients with mild cognitive impairment or even Alzheimer’s
disease, according to studies [17,56,63–65]. In addition, many scientists support the theory
that mitochondrial dysfunction at the cellular level is responsible for cognitive impairment.
Neuronal mitochondrial damage has been linked to oxidative stress. Consequently, the
antioxidant properties of olive leaves may aid in maintaining mitochondrial stability and
delaying or halting cognitive decline [66].

Olive leaves have never been examined in a human trial so far. The Golden Study is
the first randomized clinical trial in humans to test the potential therapeutic properties of
olive leaf extract, which may act as a complementary treatment to cholinesterase inhibitors.
In our study, the consumption of OLE was associated with improved general cognitive
performance after six months of testing, compared to the control group that received only
MeDi instructions. The olive leaves provided to the participants for making the daily
beverage originated from a single location in Halkidiki. Scientists in the Laboratory of
Pharmacy at the National and Kapodistrian University of Athens determined that they
are a rich source of oleuropein. Specifically, according to their results, 100 g of dried olive
leaves contain 2.96 ± 0.09 g of oleuropein.

Our findings indicate that supplementation with an olive leaf beverage resulted in
a statistically significant improvement in the Mini-Mental State Examination (MMSE),
the most widely used neuropsychological test for assessing general cognitive function.
Participants who consumed olive leaf extract (OLE) for at least six months exhibited
stable cognitive performance on average, with a mean difference in MMSE scores before
and after the trial approaching zero. In contrast, the control group, which received only
Mediterranean diet (MeDi) instructions, showed a statistically significant decline in MMSE
scores, with a mean decrease of four units after six months. Furthermore, while the
difference in Functional Rating Scale for Symptoms of Dementia (FRSSD) scores was not
statistically significant, there was a discernible trend. The OLE group exhibited a mean
decrease of −1.3 in FRSSD scores, indicating functional improvement following the six-
month intervention, while the control group experienced a mean increase of 2.3, suggesting
a decline in functional abilities. This outcome implies that OLE may contribute to the
protection of memory, cognition, and daily functioning. Additionally, other assessments,
including the Functional Activities Questionnaire (FUCAS) and the Clinical Dementia
Rating (CDR), showed better outcomes in the OLE group compared to controls, although
these differences were also not statistically significant. Although the Alzheimer’s Disease
Assessment Scale-Cognitive Subscale (ADAS-Cog) indicated better outcomes for the OLE
group regarding the median difference between initial and final values, a substantial
amount of missing data prevented its inclusion in our conclusions. Beyond cognitive
assessments, OLE also improved neuropsychiatric symptoms, as demonstrated based on
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the Neuropsychiatric Inventory (NPI) test. The only unchanged variable was the Geriatric
Depression Scale (GDS) for depression, which remained stagnant throughout the study. It
is possible that extending the study duration beyond six months, perhaps to one or two
years, or increasing the sample size from 55 participants to 100 could yield statistically
significant improvements across all variables.

We recommend future longitudinal studies incorporating biomarkers like amyloid,
total tau, and phosphorylated tau (P-tau) to determine if olive leaf extract (OLE) can alter
the progression of Alzheimer’s disease (AD) pathology. Recent studies on extra virgin
olive oil (EVOO) in patients with mild cognitive impairment (MCI) demonstrated that one
year of consistent EVOO consumption significantly reduced oxidative and nitrative stress,
decreased DNA damage, and restored Alzheimer’s biomarkers (Aβ40, Aβ42) to levels seen
in healthy individuals [67,68]. These findings suggest that EVOO may help prevent the pro-
gression from MCI to AD. Additionally, EVOO’s antioxidant properties have been shown
to restore the AD-associated proteins p-tau and amyloid Aβ, supporting its role in pre-
venting disease progression [69]. High-phenolic EVOO also improved neurophysiological
functions in MCI patients by reducing the theta/beta ratio in EEG readings and enhancing
functional connectivity and blood–brain barrier (BBB) integrity as demonstrated by MRI
studies [70,71]. Considering that olive leaves contain a significantly higher concentration of
oleuropein and hydroxytyrosol compared to olive oil—oleuropein concentrations in olive
leaves range from 1% to 14%, compared to just 0.005% to 0.12% in olive oil—OLE may
potentially have even greater neuroprotective effects [72]. Therefore, OLE could surpass
olive oil in preventing AD progression due to its superior biophenol content.

Future randomized studies incorporating olive leaf extract (OLE) with larger sample
sizes, additional biomarkers, and longitudinal cognitive assessments are necessary to es-
tablish stronger evidence of its neuroprotective role when consumed as a daily beverage.
Given the low manufacturing costs and abundance of olive leaves in the Mediterranean
region, OLE presents a practical and affordable supplement for enhancing cognitive func-
tion in patients. The process of producing OLE is relatively inexpensive, especially when
considering the simplicity of providing harvested olive leaves for daily consumption. This
is particularly relevant for elderly populations, who often face economic challenges and
are already burdened with multiple medications. Considering the growing economic
and social burden posed by dementia and cognitive impairment, it is crucial to explore
natural products, especially those that are abundant and currently underutilized. Sharing
these research findings can help make affordable and effective treatments accessible to a
broader population.

For our next steps, we plan to expand the study by increasing the number of par-
ticipants and extending the duration to evaluate whether the observed results hold or
improve over time. Additionally, we aim to introduce a third group consuming a higher
dose of OLE to explore any potential dose-dependent effects on brain function through
neuropsychological evaluations. Investigating the impact of olive leaf extract on patients’
blood profiles using proteomics, lipidomics, urine, and CSF biomarkers, or even tracking
changes in the gut microbiome, would be a valuable yet challenging direction for our
future research.

5. Conclusions

The GOLDEN study demonstrated that the daily consumption of an olive leaf extract
for six months led to a significant improvement in all neuropsychological tests evaluating
memory, cognitive performance, and daily functioning, with the MMSE results being statis-
tically significant (p < 0.05). Given a larger sample size or an extended trial duration, the
neuropsychological evaluations may yield even more pronounced improvements. Intro-
ducing OLE as an accessible and cost-effective dietary supplement for individuals with
memory impairment can synergistically enhance existing therapies, ultimately improving
cognitive and functional outcomes. This research highlights the potential of natural prod-
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ucts in advancing treatment strategies for neurodegenerative conditions and represents a
significant opportunity for both the scientific community and patients alike.

Limitations

The major problem of our study was the small sample size, primarily due to patients’
isolation and discouragement stemming from the COVID-19 pandemic. Despite this
limitation, similar human studies investigating the beneficial properties of olive leaf extract
(OLE) in other areas, such as immune system health, have successfully utilized comparable
sample sizes. Because of our study design, only individuals with mild AD were included.
It would be a very interesting approach to test olive leaf extract in people with MCI
and to investigate the possible decrease in the percentage of patients who develop AD
from MCI compared to the general population with MCI. Of course, other factors, such
as the presence of APOE ε4 should also be considered. Another limitation of the study
is the short duration of the experiment. We already have some participants who have
taken the olive leaf extract for one or two years. A larger study with more researchers
and more centers assisting in the study process will follow, which will include more
participants taking OLE for at least twelve months and will compare the results with
those of the six-month follow-up. Finally, our study unfortunately lacked much data
on the outcomes of participants’ neuropsychological assessments. Apart from MMSE
results, there are missing data in all the other variables. Each patient had a digital medical
envelope that contained all neuropsychological tests, as well as the results of the blood
test and radiological examinations. This envelope was uploaded to a large database where
anonymity prevailed because each patient’s name was replaced by a unique code and
only physicians had access to it. Due to an electronic problem in this web database, some
valuable data on the participants’ neuropsychological examination were lost.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/neurolint16060095/s1. The supplementary material section
includes a complete statistical analysis for each parameter of the neuropsychological test, along with
two additional tables. Table S1 delineates the summary of the statistical analysis concerning the initial
values of the neuropsychological tests, encompassing normal distribution, variance equality, and
statistical differences, while Table S2 offers a summary of the statistical analysis performed on the
final neuropsychological test results.
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32. Zorić, N.; Kopjar, N.; Kraljić, K.; Oršolić, N.; Tomić, S.; Kosalec, I. Olive leaf extract activity against Candida albicans and C.
dubliniensis—The in vitro viability study. Acta Pharm. 2016, 66, 411–421. [CrossRef] [PubMed]

33. Toulabi, T.; Delfan, B.; Rashidipour, M.; Yarahmadi, S.; Ravanshad, F.; Javanbakht, A.; Almasian, M. The efficacy of olive leaf
extract on healing herpes simplex virus labialis: A randomized double-blind study. Explore 2021, 18, 287–292. [CrossRef]
[PubMed]

34. Cheng, B.; Gong, H.; Xiao, H.; Petersen, R.B.; Zheng, L.; Huang, K. Inhibiting toxic aggregation of amyloidogenic proteins: A
therapeutic strategy for protein misfolding diseases. Biochim. Biophys. Acta Gen. Subj. 2013, 1830, 4860–4871. [CrossRef] [PubMed]

35. Kayed, R.; Head, E.; Sarsoza, F.; Saing, T.; Cotman, C.W.; Necula, M.; Margol, L.; Wu, J.; Breydo, L.; Thompson, J.L.; et al. Fibril
specific, conformation dependent antibodies recognize a generic epitope common to amyloid fibrils and fibrillar oligomers that is
absent in prefibrillar oligomers. Mol. Neurodegener. 2007, 2, 18. [CrossRef]

36. Brogi, S.; Sirous, H.; Calderone, V.; Chemi, G. Amyloid ß fibril disruption by oleuropein aglycone: Long-time molecular dynamics
simulation to gain insight into the mechanism of action of this polyphenol from extra virgin olive oil. Food Funct. 2020, 11,
8122–8132. [CrossRef]

37. Kostomoiri, M.; Fragkouli, A.; Sagnou, M.; Skaltsounis, L.A.; Pelecanou, M.; Tsilibary, E.C.; Tzinia, A.K. Oleuropein, an anti-
oxidant polyphenol constituent of olive promotes α-Secretase cleavage of the amyloid precursor protein (AβPP). Cell Mol.
Neurobiol. 2013, 33, 147–154. [CrossRef]

38. Rigacci, S.; Guidotti, V.; Bucciantini, M.; Nichino, D.; Relini, A.; Berti, A.; Stefani, M. Aβ (1-42) Aggregates into Non-Toxic
Amyloid Assemblies in the Presence of the Natural Polyphenol Oleuropein Aglycon. Curr. Alzheimer Res. 2011, 8, 841–852.
[CrossRef]

39. Bousada, G.M.; de Sousa, B.L.; Furlani, G.; Agrizzi, A.P.; Ferreira, P.G.; Leite, J.P.V.; Mendes, T.A.d.O.; Varejão, E.V.; Pilau, E.J.; dos
Santos, M.H. Tyrosol 1,2,3-triazole analogues as new acetylcholinesterase (AChE) inhibitors. Comput. Biol. Chem. 2020, 88, 107359.
[CrossRef]

40. Montenegro, Z.J.S.; Álvarez-Rivera, G.; Sánchez-Martínez, J.D.; Gallego, R.; Valdés, A.; Bueno, M.; Cifuentes, A.; Ibáñez, E.
Neuroprotective effect of terpenoids recovered from olive oil by-products. Foods 2021, 10, 1507. [CrossRef]

41. Diomede, L.; Rigacci, S.; Romeo, M.; Stefani, M.; Salmona, M. Oleuropein Aglycone Protects Transgenic C. elegans Strains
Expressing Aβ42 by Reducing Plaque Load and Motor Deficit. PLoS ONE 2013, 8, e58893. [CrossRef]

42. Abdallah, I.M.; Al-Shami, K.M.; Yang, E.; Wang, J.; Guillaume, C.; Kaddoumi, A. Oleuropein-Rich Olive Leaf Extract Attenuates
Neuroinflammation in the Alzheimer’s Disease Mouse Model. ACS Chem. Neurosci. 2022, 13, 1002–1013. [CrossRef] [PubMed]

43. Saleh, S.R.; Abdelhady, S.A.; Khattab, A.R.; El-Hadidy, W.F. Dual prophylactic/therapeutic potential of date seed, and nigella and
olive oils-based nutraceutical formulation in rats with experimentally-induced Alzheimer’s disease: A mechanistic insight. J.
Chem. Neuroanat. 2020, 110, 101878. [CrossRef] [PubMed]

44. Lauretti, E.; Nenov, M.; Dincer, O.; Iuliano, L.; Praticò, D. Extra virgin olive oil improves synaptic activity, short-term plasticity,
memory, and neuropathology in a tauopathy model. Aging Cell 2020, 19, e13076. [CrossRef] [PubMed]

45. Leri, M.; Bertolini, A.; Stefani, M.; Bucciantini, M. Evoo polyphenols relieve synergistically autophagy dysregulation in a cellular
model of alzheimer’s disease. Int. J. Mol. Sci. 2021, 22, 7225. [CrossRef]

46. Visioli, F.; Rodríguez-Pérez, M.; Gómez-Torres, Ó.; Pintado-Losa, C.; Burgos-Ramos, E. Hydroxytyrosol improves mitochondrial
energetics of a cellular model of Alzheimer’s disease. Nutr. Neurosci. 2022, 25, 990–1000. [CrossRef]

https://doi.org/10.3390/nu12123663
https://www.ncbi.nlm.nih.gov/pubmed/33260769
https://doi.org/10.1016/j.bcp.2012.02.001
https://doi.org/10.3892/ijmm.2018.3673
https://doi.org/10.3390/nu9040391
https://doi.org/10.1017/S0007114518002829
https://doi.org/10.1002/mnfr.201500304
https://doi.org/10.3390/molecules25245946
https://doi.org/10.1002/ccr3.3723
https://doi.org/10.1515/acph-2016-0033
https://www.ncbi.nlm.nih.gov/pubmed/27383889
https://doi.org/10.1016/j.explore.2021.01.003
https://www.ncbi.nlm.nih.gov/pubmed/33541815
https://doi.org/10.1016/j.bbagen.2013.06.029
https://www.ncbi.nlm.nih.gov/pubmed/23820032
https://doi.org/10.1186/1750-1326-2-18
https://doi.org/10.1039/D0FO01511C
https://doi.org/10.1007/s10571-012-9880-9
https://doi.org/10.2174/156720511798192682
https://doi.org/10.1016/j.compbiolchem.2020.107359
https://doi.org/10.3390/foods10071507
https://doi.org/10.1371/journal.pone.0058893
https://doi.org/10.1021/acschemneuro.2c00005
https://www.ncbi.nlm.nih.gov/pubmed/35263086
https://doi.org/10.1016/j.jchemneu.2020.101878
https://www.ncbi.nlm.nih.gov/pubmed/33144183
https://doi.org/10.1111/acel.13076
https://www.ncbi.nlm.nih.gov/pubmed/31762202
https://doi.org/10.3390/ijms22137225
https://doi.org/10.1080/1028415X.2020.1829344


Neurol. Int. 2024, 16 1264

47. Calahorra, J.; Shenk, J.; Wielenga, V.H.; Verweij, V.; Geenen, B.; Dederen, P.J.; Peinado, M.; Siles, E.; Wiesmann, M.; Kiliaan, A.J.
Hydroxytyrosol, the major phenolic compound of olive oil, as an acute therapeutic strategy after ischemic stroke. Nutrients 2019,
11, 2430. [CrossRef]

48. Qin, C.; Hu, S.; Zhang, S.; Zhao, D.; Wang, Y.; Li, H.; Peng, Y.; Shi, L.; Xu, X.; Wang, C.; et al. Hydroxytyrosol Acetate Improves the
Cognitive Function of APP/PS1 Transgenic Mice in ERβ-dependent Manner. Mol. Nutr. Food Res. 2021, 65, 2000797. [CrossRef]

49. Brunetti, G.; Di Rosa, G.; Scuto, M.; Leri, M.; Stefani, M.; Schmitz-Linneweber, C.; Calabrese, V.; Saul, N. Healthspan maintenance
and prevention of parkinson’s-like phenotypes with hydroxytyrosol and oleuropein aglycone in C. elegans. Int. J. Mol. Sci. 2020,
21, 2588. [CrossRef]
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