
SUMMARY
The Mediterranean Diet has long been regarded as one of the
promising strategies for the prevention of cognitive impairment
and Alzheimer's disease. Aim: This study aimed to determine
the association between adherence to a MedDiet and the risk
of cognitive impairment (CI) among the elderly in Morocco.
Due to their complete data, a sample of 172 (56.4% men) from
237 subjects were included in our study. Cognitive functions
were assessed by the MMSE test (Mini-Mental State Examina-
tion). Adherence to a MedDiet was assessed using a validated
questionnaire based on weekly consumption of the seven main
MedDiet foods: non-refined cereals, potatoes, fruits (whole or
in juice), vegetables (cooked or as salad), legumes, fish, olive
oil, and three foods consumed less frequently in a MedDiet: red
meats, poultry, and full-fat dairy products. A binary logistic re-
gression was performed, with cognitive function as the depend-
ent variable MedDiet adherence score as well as the aliment
consumption frequency associated with CI in the bivariate
analysis as an independent variable. 
The binary logistic regression adjusted for confounding vari-
ables revealed that adherence to a MedDiet is not associated
with a lower risk of cognitive impairment (ORa= 0.928; 95% CI;
[0.831-1.037]) (ORa: Adjusted Odd Ratio; 95% CI: 95% of Confi-
dence Interval). However, only Olive Oil consumption was a pro-
tective factor against CI (ORa= 0.882; 95% CI; [0.815-0.953]). 
These findings highlight the importance of sensitizing older adults,
whether normal or cognitively impaired, to regular consumption
in order to prevent the development of Alzheimer's disease later
in life.
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INTRODUCTION
Aging has been associated with the progression of cognitive decline, which could

induce Alzheimer's disease (AD) in 8.3% of cases per year [1,2]. AD is a neurode-
generative disease characterized by memory loss, cognitive and behavioral disorders
with repercussions on the daily life of the patient [3]. Some factors contribute to (AD),
an abnormally phosphorylated tau protein and a neurofibrillary protein that causes
intracellular accumulation. Another accumulation in the extracellular area is β-amyloid
peptide (Aβ) at the senile plaques [4]. Extracellular formation of senile plaque and
intracellular accumulation causes lesions that preferentially affect the limbic system
responsible for memory loss and the neocortex [5]. Memory deficit or mild cognitive
impairment (MCI) is one of the earliest and most pronounced AD symptoms [6]. At
this stage, the population may constitute a particularly suitable population for pre-
ventive approaches and clinical trials of drug therapies [2]. Cognitive impairment (CI),
including MCI, is expected to affect 115 million people worldwide by 2050 [7]. The CI
can be screened with a brief test that takes only a few minutes to administrate, called
MMSE (the Mini-Mental State Examination). This instrument, developed by Folstein
et al. 1975, represents the most widely used tool for assessing global cognitive im-
pairment with a specificity and sensitivity of 82% and 87%, respectively [8]. It includes
a series of questions grouped into seven subtests. The questions are related to ori-
entation in time, orientation in space, immediate recall of three words, attention, de-
layed recall of three words, language, and constructive praxis [9].

A traditional Mediterranean diet (MedDiet) is characterized by its high consumption
of plant foods (vegetables, fruits, legumes, and cereals), olive oil as the primary source
of monounsaturated fats, and low saturated fat consumption of meat and poultry. Fish
and dairy products are usually eaten in moderation [10]. A Mediterranean diet com-
bines several foods and nutrients potentially protective against cognitive dysfunction,
such as fish, olive oils, vitamins B12 and B9, antioxidants, and flavonoids, which may
have a protective effect against cognitive decline in the elderly, similar to its protective
role against cardiovascular disease, diabetes, and cancer [11-16].

Actually, in the absence of a successful curative approach to Alzheimer's dis-
ease, adherence to a MedDiet may be one of the effective strategies for pre-
venting AD. In cognitively normal individuals, greater adherence to a MedDiet was
associated with alleviated risk of cognitive impairment (OR = 0.73, 95% CI, 0.56-
0.96, P = 0.02), and Alzheimer's (OR = 0.64, 95% CI, 0.46-0.89, P = 0.007) [17].
Therefore, this study aimed to determine the association between adherence to 
a MedDiet and the risk of cognitive impairment (CI) among the elderly in Morocco.
To our knowledge, this is the first study to investigate this correlation until now.

MATERIAL AND METHODS

Participants

This cross-sectional study was conducted between March 2017 and May
2018, with 172 Moroccan elderly subjects chosen due to their complete data



from a total of 237. All participants were recruited from three nursing homes in
Rabat, Kenitra, and the city of Sidi Kacem, as well as one health center in the
city of Sidi kacem. The three cities are located in the northwest of Morocco. 

The four exclusion criteria were: (1) Subjects who cannot stand up for body
composition measurement, (2) age <60 years, (3) Subjects with renal insufficiency,
which could confounder and overestimate the body mass index, and (4) Persons
with acute pain that could influence their performance on MMSE test. At the be-
ginning, 237 subjects were recruited for this study. Nevertheless, after excluding
56 subjects for MMSE, five subjects for mini nutritional assessment (MNA), 20
subjects for body compositions, and five subjects for physical activity (PA) missing
data, 151 subjects were included in our study as a result of their complete data.

Demographic data and medical conditions were gathered from social and
medical assistance in nursing homes, as well as direct interviews with patients
visiting Sidi Kacem city health center.

Nutritional status and body composition assessment

MNA, a tool developed by Guigoz et al. and recommended by the European
Society for Clinical Nutrition and Metabolism [11,12], was used to assess the nu-
tritional status of our sample [11,12]. It consists of 18 items divided into four sec-
tions: Anthropometric assessment (weight, height, and weight loss), general
assessment (living situation, amount of medicines used, and mobility), dietary
assessment (number of meals, food and fluid intake, and autonomy of feeding),
and subjective assessment (self-perception of nutritional status and health) [13].
A total score ranging from 24 to 30 reflects good nutritional status, whereas a score
between 17 and 23 5 indicates a risk of malnutrition. A MNA score <17 points in-
dicates malnutrition [14].

The participants were referred to a body compositions evaluation using bio-
electrical impedance analysis (BIA) (Rossmax, Glass Body Fat Monitor with
Scale, model: WF 260, Swiss). The BIA is widely used to study body composition
since it is noninvasive, simple, applicable, safe, inexpensive, and requires little
pa tient cooperation [2,15]. The limitation of this tool is that it only provides Fat
Mass (FM) in the entire body and not in a specific part of the body. Consequently,
another parameter measured in our study was waist circumference (WC), which
is utilized as an indicator of body fatness and abdominal body fat [16]. On the
exhale, the participants were asked to stand up and measure a flexible non-elas-
tic tape across the belly button between the lower rib margin and the iliac crest
at the nearest 0.5 cm of the WC. Fat-Free Mass (FFM) was calculated by sub-
tracting the FM from total body weight.

Evaluation of physical activity 

The most commonly used tool for assessing physical activity is the Global
Phy sical Activity Questionnaire (GPAQ). This questionnaire, composed of 16 items,
was developed in 2002 within the framework of the WHO "STEPwise approach
for Surveillance of risk factors for chronic disease" (STEPS) [9,10]. It was de-
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signed to combine the short and long International Physical Activity Question-
naire (IPAQ) strengths by including different domains: work, walking or cycling,
leisure, and sitting time [11]. The GPAQ's properties were primarily evaluated in
Asia, Africa, and South America.9 Subsequently, the GPAQ was validated against
objectively assessed PA in Malaysia [12], Vietnam [13,14], the USA [15], and ac-
celerometers in a recent study in Great Britain [16]. The PA of our sample was
evaluated using the GPAQ. The weekly mean and standard deviation of hard
and moderate activity was measured by adding the number of minutes in a week
of hard work and leisure activities and moderate work and leisure activities. The
weekly mean and standard deviation of walking or cycling activities were sepa-
rately provided. For a sitting time, the mean was calculated by the number of mi -
nutes in a typical day of sitting times. 

Cognitive function assessment

The MMSE was used to assess the cognitive function, with a cut-off of 24, while
the elderly were classified into two categories: normal or cognitive impairment. 

Evaluation of Mediterranean diet adherence 

Adherence to a Mediterranean diet was assessed using a validated question-
naire of weekly consumption based on the seven main foods of a Mediterranean
diet: non-refined cereals, potatoes, fruits (whole or in juice), vegetables (cooking
or salad), legumes, fish, olive oil, and three foods consumed less frequently in 
a Mediterranean diet: red meats, poultry, and full-fat dairy products. The princi-
ples of a Mediterranean diet indicate that alcohol should be moderately con-
sumed (less than 300 ml per day), which was already included as a dichotomous
question (Yes or No) in the socio-demographic and medical questionnaires.
Since there are only five subjects, and none have stated that they consume it
more than once a month, all yes responses received a score of 5.

With the exception of Olive Oil, the frequency of weekly consumption of each
food was multiplied by 4 to obtain the frequency of monthly consumption. A score
of 0, 1, 2, 3, 4, 5 (from lowest adhesion to the highest adhesion) was assigned
when a participant reported consumption of 0, 1 to 4, 5 to 8, 9 to 12, 13 to 18, and>
18 servings/month, respectively of the main foods of a Mediterranean diet (non-
refined cereals, potatoes, fruits, vegetables, legumes, and fish). In contrast, a score
of 5, 4, 3, 2, 1, 0 was attributed to the monthly consumption of 0, 1 to 4, 5 to 8,
9 to 12, 13 to 18, and> 18 portions of red meat, poultry, and full-fat dairy products.
With respect to olive oil, a score of 0 to 5 was assigned to a frequency of consump-
tion: never, rarely, <1 time/week, 1-3 times / week, 3-5 times/week, and 7 times/
week, respectively [19]. People who do not consume alcohol received a score of
0, while those who consume alcohol received a score of 5 (five people). 

Statistical analysis 

The statistical analysis was performed using software SPSS version 24. The
Chi-square test was used to investigate the association between two categorical
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variables. For all quantitative variables, the Mann-Whitney test was utilized to
compare normal and cognitively impaired subjects because of their non-normal
distribution. The normality distribution of each variable was determined by the
Kolmogorov Smirnov and Shapiro Wilk test.

Binary logistic regression was performed, taking the cognitive function as the
dependent variable. The MedDiet adherence score, as well as the aliment con-
sumption frequency associated with CI in bivariate analysis, were entered as in-
dependent variables and all other outcomes associated with CI in the bivariate
analysis as covariate factors. The adequacy of the logistic regression was veri-
fied using the Hosmer–Lemeshow test. A P-value <0.05 was considered signif-
icant for all analyses.

RESULTS

Baseline characteristics according to gender and cognitive function

Table.1 shows that women in our sample, when compared to men, were more
likely to have low education (P=0.034), never had a profession (P=0.000), or a pen-
sion (P=0.042), suffer from chronic disease (P=0.037), and depression (P=0.014).
Subjects with cognitive impairment were more likely to have a low education
(P=0.000), never practice a profession (P=0.01), and be without a pension (P=
0.014). Cognitive impairment is more frequent among women than men (P<0.002).

Nutritional status and body composition according to gender 

and cognitive function

Table 2 demonstrates that women were in the high tertile of FM (P=0.010),
high BMI (P=0.005), and lower sterile of FFM (P=0.000). The women were more
likely to have abdominal obesity (P=0.000). The elderly in high tertile of FFM and
high class of CC and normal nutritional status were more likely to have a normal
cognitive function (P=0.000; P=0.041; P=0.002, respectively).

Physical activity according to gender and cognitive function

Compared to men, women engage in more moderate PA than men (P=0.001).
In contrast, men practice more walking or cycling PA (P=0.024). Subjects with
cognitive impairment exercise less walking or cycling PA (P=0.027) (Table 3).

MedDiet and its component adherence scores according 

to gender and cognitive function

Table.4 depicts a significant difference between cognitive impaired and nor-
mal subjects for the olive oil component score (p<0.001) and the MedDiet ad-
herence score (p=0.007). However, men and women were comparable for MedDiet
and its component scores, with no significant difference detected by the Mann-
Whitney test (p>0.05).
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Multivariate analysis of the correlation between MedDiet adherence

score and cognitive impairment

The MedDiet adherence score was introduced as an independent variable
in binary logistic regression adjusted for confounding variables (gender, profes-
sion, pension, education, nutritional status, Fat-Free-masse, calf circumference,
GDS-15 score, and walking or cycling PA).The result revealed that MedDiet ad-
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herence was not associated with a lower risk of cognitive impairment (ORa=
0.955; 95% CI; [0.848-1.076]) (p>0.05) (Table.5).

Food consumption frequencies according to gender 

and cognitive function

Table.6 demonstrates that the mean difference between normal and cogni-
tively impaired subjects was significant only for olive oil consumption (p<0.001).
However, no significant difference was found for all other foods. Men and women
were comparable for food consumption, with no significant difference revealed
by the Mann-Whitney test (p>0.05).
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Table 4. MedDiet and corresponding component scores according to gender and cognitive function
for 151 Moroccan elderly



Multivariate analysis between Olive oil consumption and cognitive 

impairment

The binary logistic regression adjusted for gender, profession, pension, edu-
cation, nutritional status, Fat-Free-masse, calf circumference, GDS-15 score,
and walking or cycling PA shows that olive oil consumption was a protective fac-
tor against cognitive impairment (ORa=0.906; 95% CI; [0.823-0.997]) (P=0.043)
(Table.7).

DISCUSSION
Mild cognitive impairment (MCI) is a transitional stage in which people expe-

rience a higher risk of progression to dementia within five years [20]. A MedDiet
has long been regarded as one of the promising strategies for the prevention of
cognitive impairment and Alzheimer's disease. It is considered a healthier alter-
native to a Western diet. A MedDiet is a diet with an abundance of plant foods,
including fruits, vegetables, bread, other forms of cereals, beans, nuts, seeds, fish,
and olive oil as its primary source of monounsaturated fats. In contrast, dairy
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foods, red meat, and chicken are consumed in lower quantities, and red wine is
consumed moderately with meals [21]. A limited number of research works in-
vestigated the association between MedDiet adherence and cognitive function,
especially in Morocco.

The objective of the current search was to investigate the association between
MedDiet adherence and cognitive function in order to determine if a high adheren -
ce to a MedDiet of the elderly could be an effective strategy for preventing cog-
nitive impairment and Alzheimer's disease. A MedDiet presents a valuable source
of nutraceutical products including, antioxidants, unsaturated fatty acids, vitamins
and phenolic compounds that can control the involved biological mechanisms of
cognitive disturbance [35,36]. The current study results suggested that adher-
ence to a MedDiet lifestyle was not a protector factor against cognitive impair-
ment. The benefit of adherence to a Mediterranean-type diet on the evolution of
cognitive functions or incidence of dementia has been reported only in three
prospective studies [22-24] and one cross-sectional study [25]. In Féart et al.'s
[24] study, higher adherence to a Mediterranean-style diet was only mildly asso-
ciated with a slower decline in the MMSE and not consistent with other cognitive
tests, and adherence was not related to the risk of dementia. However, one study
investigated the correlation between a Mediterranean-style diet and cognitive de-
cline in women with prevalent vascular disease or more than three coronary risk
factors. It has been revealed that following a Mediterranean-style diet was not re-
lated to cognitive decline since confounder factors had no significant effect [26].

Another parameter to consider is the rate of cognitive impairment, which in
our sample seems very high. None of the studies above have mentioned the
percentage of cognitive impairment in their data to compare. Moreover, Tangney
et al. [22] reported fewer servings per week of non-refined cereals, vegetables,
and olive oil than those reported in our study. Therefore, the association between
cognitive impairment and a MedDiet could be due to some specific components
of a MedDiet. The Mann-Whitney test analysis revealed that the difference in
ave rages between normal and cognitively impaired subjects was significant only
for olive oil consumption (p=0.000). Hence, this variable was included in multi-
variate analysis to be adjusted for other confounder factors. The findings have
revealed that olive oil consumption is a protective factor against CI (p=0.002). 
A one-unit increase in consumption was associated with a 12.6% lower risk of
developing a CI. Olive oil is a product of mechanical extraction from the olive
fruit. It is composed primarily of glycerol fraction (about 95%) called saponifiable
fraction composed mainly of oleic acid and non-glycerol fraction (about 5%). Pre-
vious experimental investigations have revealed that olive oil decreased remark-
ably the 42-residue form of the amyloid β peptide deposits, suppression of
pE3-Aβ generation, increase the autophagic markers expression via mTOR in-
hibition and decreased the oxidative stress products [37,38]. Rather than vitamin
E, carotenes, and chlorophyll, the non-glycerol fraction (also known as the un-
saponifiable fraction) contains many phenolic compounds with a high biological
potential [27]. The effect of consuming an extra virgin olive oil-enriched diet on
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amyloid- and tau-related pathological alterations was investigated in a mouse
model study [28]. According to these study findings, long-term consumption of
an extra virgin olive oil-containing diet starting at an early age induces a protec-
tive effect against AD and its related disorders. The monounsaturated fatty acids
(MUFAs) in olive oil can reduce cholesterol levels, limit cardiovascular risks, and
improve cerebral blood flow. A study by Solfrizzi et al. [29] on subjects aged 65
to 84 years, Mini-Mental State Examination [MMSE] with a cut-off <24 was used
to screen the cognitive impairment. The results of this study revealed an inverse
relationship between MUFAs energy intake and cognitive decline (MMSE < 24).
Furthermore, the same authors had conducted a prospective study with an 8.5-
year follow-up among non-demented elderly subjects aged between 65 and 84
years evaluated with MMSE, High MUFA, and PUFA (Polyunsaturated fatty
acids) energy intakes, and total energy intake was significantly associated with
better cognitive performance [12].

The beneficial effect of olive oil cannot be attributed solely to its monounsat-
urated fatty acid because the phenolic components found in this food have high
bioactive effects as demonstrated in several studies. The senile plaques induce
an elevated brain inflammation mediator triggered by Microglia attached to the
senile plaques. These inflammatory factors can directly harm neurons or activate
neurotoxic astrocytes [30]. In some studies, the inflammation markers such as
interleukin-6 (IL-6) and C-reactive protein (CRP) were correlated with cognitive
impairment and dementia [31], amyloid charge, and neuronal death in a mouse
model [32]. In a clinical study, 28 coronary heart disease subjects during three
weeks with high phenolic concentration (161 mg/kg) vs. low phenolic concentra-
tion (14.67 mg/kg) olive oil, Interleukin-6 and C-reactive protein decreased after
consuming phenol-rich olive oil [33]. Oxidative stress and DNA neuronal damage
were also among the triggers of CI, Alzheimer's disease, and dementia. Ten
healthy subjects were supplemented with high phenolic concentration (592
mg/kg) vs. low phenolic concentration (147 mg/kg) during eight weeks. Olive oil
has demonstrated a reduction in DNA damage with the consumption of a phe-
nol-rich olive oil diet. Nevertheless, no difference was detected in the plasma
antioxidant capacity [34].

This study has some limitations: First, it is a cross-sectional study that does
not associate cognitive function and nutritional status over time. Our sample size
is small, and we did not consider sex, age, and education differences in a cut-
off classification, which could result in some normal illiterate persons being clas-
sified as having CI. Moreover, the study did not account for energy intake, which
could be a determinant covariate. Further research with a larger sample size
considering these limitations is required to confirm our results.

CONCLUSION
In conclusion, MedDiet adherence is not associated with a lower risk of cog-

nitive impairment, contrary to three previous studies and other evidence. Non -
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etheless, according to our findings, olive oil consumption is protective against
CI. These findings highlight the importance of sensitizing elderly people, whether
normal or cognitively impaired, to their regular consumption in order to prevent
the development of Alzheimer's disease later in life. The importance of conduct-
ing further research on this food is to confirm our findings and better understand
the physiology of this association.

Statement of Ethics

All participants gave written informed consent to be interviewed and used for
research purposes and publication.

The current study was approved by the Ethics Committee of Ibn Tofail Uni-
versity under the responsibility of the Biology and Health laboratory. All procedures
carried out in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee.

Conflict of Interest Statement

The authors declared no conflicts of interest.

Funding Sources

The research has no sources of funding to be reported

Data Availability Statement

The datasets used and analyzed during the present study are available from
the corresponding author on reasonable request

REFERENCES 
Laursen P. The impact of aging on cognitive functions. An 11 year follow-up study of four age co-

horts. Acta Neurol Scand Suppl. 1997;172:7-86.
Larrieu S, Letenneur L, Orgogozo JM, Fabrigoule C, Amieva H, Le Carret N, et al. Incidence and

outcome of mild cognitive impairment in a population-based prospective cohort. Neurology.
2002 Nov 26;59(10):1594-9

Perrin RJ, Fagan AM, Holtzman DM. Multimodal techniques for diagnosis and prognosis of
Alzheimer's disease. Nature. 2009 Oct 15;461(7266):916-22. 

Lamour Y. Physiopathologie de la maladie d’Alzheimer. La Revue de Médecine Interne, 15(Sup-
plement 1), 1994 ; 41s-44s. 

Spaccavento S, Del Prete M, Craca A, Fiore P. Influence of nutritional status on cognitive, functional
and neuropsychiatric deficits in Alzheimer's disease. Arch Gerontol Geriatr. 2009 May-Jun;
48(3):356-60 

Solfrizzi V, Panza F, Frisardi V, Seripa D, Logroscino G, Imbimbo BP, et al. Diet and Alzheimer's
disease risk factors or prevention: the current evidence. Expert Rev Neurother. 2011 May;
11(5):677-708 

Anthony JC, LeResche L, Niaz U, von Korff MR, Folstein MF. Limits of the 'Mini-Mental State' as
a screening test for dementia and delirium among hospital patients. Psychol Med. 1982 May;
12(2):397-408. 

Derouesné C, Poitreneau J, Hugonot L, Kalafat M, Dubois B, Laurent B. Le Mini-Mental State Exa-
mination (MMSE) : un outil pratique pour l’évaluation de l’état cognitif des patients par le clini-
cien.1999; 8.

Talhaoui et al., Mediterranean Diet and Cognitive Impairment

136



Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, Trichopoulos D.
Mediterranean diet pyramid: a cultural model for healthy eating. Am J Clin Nutr. 1995 Jun;61(6
Suppl):1402S-1406S 

Reynolds E. Vitamin B12, folic acid, and the nervous system. Lancet Neurol. 2006 Nov;5(11):949-60.
Solfrizzi V, Colacicco AM, D'Introno A, Capurso C, Torres F, Rizzo C, et al. Dietary intake of unsat-

urated fatty acids and age-related cognitive decline: a 8.5-year follow-up of the Italian Longi-
tudinal Study on Aging. Neurobiol Aging. 2006 Nov;27(11):1694-704 

Gómez-Pinilla F. Brain foods: the effects of nutrients on brain function. Nat Rev Neurosci. 2008
Jul;9(7):568-78. 

Luchsinger JA, Mayeux R. Dietary factors and Alzheimer's disease. Lancet Neurol. 2004
Oct;3(10):579-87. 

Engelhart MJ, Geerlings MI, Ruitenberg A, van Swieten JC, Hofman A, Witteman JC, et al. Dietary
intake of antioxidants and risk of Alzheimer disease. JAMA. 2002 Jun 26;287(24):3223-9. 

Letenneur L, Proust-Lima C, Le Gouge A, Dartigues JF, Barberger-Gateau P. Flavonoid intake
and cognitive decline over a 10-year period. Am J Epidemiol. 2007 Jun 15;165(12):1364-71. 

Singh B, Parsaik AK, Mielke MM, Erwin PJ, Knopman DS, Petersen RC, et al. Association of
mediterranean diet with mild cognitive impairment and Alzheimer's disease: a systematic review
and meta-analysis. J Alzheimers Dis. 2014;39(2):271-82. 

Talhaoui A, Aboussaleh Y, Ahami A, Sbaibi R, Agoutim N. Association between Malnutrition and Cog-
nitive Impairment among The elderly in Morocco. Open J. Med. Psychol. 2019: 08(01), 1-14. 

Panagiotakos DB, Chrysohoou C, Pitsavos C, Stefanadis C. Association between the prevalence
of obesity and adherence to the Mediterranean diet: the ATTICA study. Nutr. 2006 May;22(5):
449-56. 

Hamrik Z, Sigmundová D, Kalman M, Pavelka J, Sigmund E. Physical activity and sedentary be-
haviour in Czech adults: results from the GPAQ study. Eur J Sport Sci. 2014;14(2):193-8. 

Hardman RJ, Meyer D, Kennedy G, Macpherson H, Scholey AB, Pipingas A. The association be-
tween adherence to a Mediterranean style diet and cognition in older people: The impact of
medication. Clin Nutr. 2018 Dec;37(6 Pt A):2156-2165. 

Tangney CC, Kwasny MJ, Li H, Wilson RS, Evans DA, Morris MC. Adherence to a Mediterranean-
type dietary pattern and cognitive decline in a community population. Am J Clin Nutr. 2011
Mar;93(3):601-7. 

Scarmeas N, Stern Y, Mayeux R, Manly JJ, Schupf N, Luchsinger JA. Mediterranean diet and mild
cognitive impairment. Arch Neurol. 2009 Feb;66(2):216-25.

Féart C, Samieri C, Rondeau V, Amieva H, Portet F, Dartigues JF, Scarmeas N, Barberger-Gateau
P. Adherence to a Mediterranean diet, cognitive decline, and risk of dementia. JAMA. 2009
Aug 12;302(6):638-48. 

Calil SRB, Brucki SMD, Nitrini R, Yassuda MS. Adherence to the Mediterranean and MIND diets
is associated with better cognition in healthy seniors but not in MCI or AD. Clin Nutr ESPEN.
2018 Dec;28:201-207 

Vercambre MN, Grodstein F, Berr C, Kang JH. Mediterranean diet and cognitive decline in women
with cardiovascular disease or risk factors. J Acad Nutr Diet. 2012 Jun;112(6):816-23. 

Owen RW, Giacosa A, Hull WE, Haubner R, Würtele G, Spiegelhalder B, Bartsch H. Olive-oil con-
sumption and health: the possible role of antioxidants. Lancet Oncol. 2000 Oct;1:107-12 

Qosa H, Mohamed LA, Batarseh YS, Alqahtani S, Ibrahim B, LeVine H 3rd, et al. Extra-virgin olive
oil attenuates amyloid-β and tau pathologies in the brains of TgSwDI mice. J Nutr Biochem.
2015 Dec;26(12):1479-90.

Solfrizzi V, Panza F, Torres F, Mastroianni F, Del Parigi A, Venezia A, Capurso A. High monoun-
saturated fatty acids intake protects against age-related cognitive decline. Neurology. 1999
May 12;52(8):1563-9 

Hansen DV, Hanson JE, Sheng M. Microglia in Alzheimer's disease. J Cell Biol. 2018 Feb
5;217(2):459-472. 

Hébert JS. Marqueurs d’inflammation et risque d’atteintes cognitives et de démence chez l’aîné.
2012; (p. 78). Québec: UNIVERSITÉ LAVAL.

Talhaoui et al., Mediterranean Diet and Cognitive Impairment

137



Tible M, Mouton-Liger F, Paquet C, Meurs E, Rondi Reig L, et al. Inhibition de PKR dans la maladie
d’Alzheimer : un rôle anti-inflammatoire, anti-apoptotique et anti-amyloïde. Morphologie. 2017
Nov ;101(335), 253-254. 

Fitó M, Cladellas M, de la Torre R, Martí J, Muñoz D, Schröder H, et al. SOLOS Investigators.
Anti-inflammatory effect of virgin olive oil in stable coronary disease patients: a randomized,
crossover, controlled trial. Eur J Clin Nutr. 2008 Apr;62(4):570-4. 

Salvini S, Sera F, Caruso D, Giovannelli L, Visioli F, Saieva C, et al. Daily consumption of a high-
phenol extra-virgin olive oil reduces oxidative DNA damage in postmenopausal women. Br 
J Nutr. 2006 Apr;95(4):742-51. 

Feart C, Samieri C, Barberger-Gateau P. Mediterranean diet and cognitive health: an update of
available knowledge. Curr Opin Clin Nutr Metab Care. 2015 Jan;18(1):51-62. 

Frisardi V, Panza F, Seripa D, Imbimbo BP, Vendemiale G, Pilotto A, et al. Nutraceutical properties
of Mediterranean diet and cognitive decline: possible underlying mechanisms. J Alzheimers
Dis. 2010;22(3):715-40.

Luccarini I, Grossi C, Rigacci S, Coppi E, Pugliese AM, Pantano D, la Marca G, Ed Dami T, Berti
A, Stefani M, Casamenti F. Oleuropein aglycone protects against pyroglutamylated-3 amyloid-
ß toxicity: biochemical, epigenetic and functional correlates. Neurobiol Aging. 2015 Feb;36(2):
648-63.

Pasban-Aliabadi H, Esmaeili-Mahani S, Sheibani V, Abbasnejad M, Mehdizadeh A, Yaghoobi MM. In-
hibition of 6-hydroxydopamine-induced PC12 cell apoptosis by olive (Olea europaea L.) leaf extract
is performed by its main component oleuropein. Rejuvenation Res. 2013 Apr;16(2):134-42. 

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(3):e58893.

Corresponding Author

Samir Bikri, 
Faculty of Sciences, 
Ibn Tofail University Kenitra, 
University campus Bp 242 
14000 Kenitra Morocco 
e-mail: samir.bikri@uit.ac.ma 
ORCID ID: https://orcid.org/0000-00

Talhaoui et al., Mediterranean Diet and Cognitive Impairment

138


