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Abstract

Contradictory findings in reviews that assess the relationship between the Mediterranean Diet (MedDiet) and cognitive func-
tioning have been attributed to heterogeneity in the criteria used to assess MedDiet and cognition, and differences in the location
or cultural habits of the populations studied. Few reviews have examined the relationship between dietary adherence and
cognition or considered the impact of sex differences. This systematic review and meta-analysis examines the relationship
between adherence to the MedDiet and cognitive functioning of healthy older adults (50+). We included isolated data from
Mediterranean regions and considered differential outcomes based on sex. A search of PubMed, Cochrane Library, EMBASE,
Scopus and Web of Science from 2011 to 2018 identified five longitudinal cohort studies (n=3368) and one randomized
controlled trial (RCT; n =239 intervention; n =95 controls). The primary outcome of interest was global cognitive functioning.
Meta-analysis of cohort studies revealed a significant association between MedDiet adherence and cognitive functioning (n =

3368, r=0.09, p=0.012), an effect greater than previously reported. Meta-regression demonstrated that the effect size was
stronger with improved quality of study reporting (p = 0.01). Sex did not impact cognitive outcomes, but sex differences in levels
of adherence were reported in individual studies. There might be a stronger association between MedDiet and cognitive func-
tioning for older adults from Mediterranean countries compared to other geographical locations, perhaps due to higher adherence
and/or longer exposure over the life course. Results are compared to those of prior meta-analyses, and the impact of sources of
heterogeneity is considered. The potential influence of sex and gender, as biological and social constructs, on dietary adherence is
discussed.
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Introduction

The number of people affected by dementia worldwide is
expected to triple to 135 million by 2050 (Prince et al. 2013)
largely due to increased life expectancy and population age-
ing. Reducing the prevalence of dementia in older populations
has become a critical public health issue (Wu and Sun 2017).
With limited pharmacological treatments available
(Alzheimer's Association 2015), effective and feasible strate-
gies are urgently required to improve brain health and prevent
or delay dementia in older adults. Interventions aimed at im-
proving brain health through modifiable lifestyle factors, such
as diet, have become particularly relevant (Lourida et al.
2013). A recent publication by the Lancet Commission iden-
tified nine modifiable risk factors to reduce incident dementia,
three of which are metabolic factors (Yaffe 2007) (hyperten-
sion, obesity, and diabetes) that have clear associations with
diet (Livingston et al. 2017).

Adherence to the Mediterranean Diet (MedDiet) reduces
vascular and metabolic risk factors (Livingston et al. 2017;
Scarmeas et al. 2009), and may be an important dietary strat-
egy for reducing the risk of progression from mild cognitive
impairment to dementia (Cooper et al. 2015). The MedDiet
refers to the traditional eating habits of those living in Greece,
Spain, Italy, and Southern France (De Lorenzo et al. 2010;
Grosso and Galvano 2016; Willett et al. 1995) and is charac-
terized by high intake of fresh fruit and vegetables, nuts, ce-
reals, seeds, and legumes, as well as moderate alcohol con-
sumption (specifically red wine) and a low intake of meat
(Hardman et al. 2016). The MedDiet has been associated with
positive brain health outcomes in some older populations
(Morris et al. 2015; Tangney et al. 2011, 2014; Koyama
et al. 2015; Feart et al. 2009; Tsivgoulis et al. 2013), but
findings have not been entirely consistent (Samieri et al.
2013; Olsson et al. 2015; Vercambre et al. 2012).
Longitudinal studies (Morris et al. 2015; Tangney et al.
2011, 2014; Katsiardanis et al. 2013; Martinez-Lapiscina
et al. 2013) and randomized control trials (RCTs) (Valls-
Pedret et al. 2015; Kesse-Guyot et al. 2013) have reported
diminished rates of cognitive decline, a reduced risk in devel-
oping Alzheimer’s disease (AD), and better cognitive perfor-
mance compared to controls, in older adults adhering to
MedDiet patterns. In contrast, several studies have shown no
association between adherence to the MedDiet and cognitive
functioning (Cherbuin and Anstey 2012; Knight et al. 2017;
Loughrey et al. 2017).

Recent reviews and meta-analyses (Wu and Sun 2017,
Hardman et al. 2016; Petersson and Philippou 2016;
Masana et al. 2017; Kyrozis et al. 2013; Wardle et al.
2004) have suggested that contradictory findings between
studies may be attributable to heterogeneity in the methods
and/or criteria used to assess both MedDiet and cognition,
as well as differences in the geographical location or
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cultural habits of the populations studied. Hence, an exam-
ination of data examining adherence to MedDiet and cog-
nitive function taken from countries that are homogenous,
for instance, in their typical adherence to the traditional
MedDiet, would be valuable (Arganini et al. 2012). Only
two reviews to date have examined the relationship be-
tween adherence to the MedDiet and cognitive outcomes
(Wu and Sun 2017; Hardman et al. 2016). In one review,
higher MedDiet adherence was associated with a lower risk
of developing mild cognitive impairment, AD, and demen-
tia in nine cohort studies (Wu and Sun 2017), while anoth-
er reported that greater adherence to the MedDiet was as-
sociated with better cognitive function in 18 longitudinal
and prospective studies (Hardman et al. 2016). Although
most reviews extract information on participants’ sex, few
examine sex differences in MedDiet adherence or cogni-
tive outcomes.

Sex differences in health research are often neglected
(Mattioli et al. 2013). Given the multiplicity of factors that
may affect diet adherence, it is essential that sex-specific rath-
er than generic investigations are undertaken and that inter-
ventions are tailored towards specific groups. Overall, women
tend to have better dietary habits than men (Iaccarino Idelson
et al. 2017) and women have shown greater adherence to the
MedDiet compared to men in relation to heart health (Proust-
Lima et al. 2008) and in child/teenage samples (Mielke et al.
2014). In relation to cognitive outcomes, women are thought
to experience faster decline in cognition with age (Chene et al.
2015) and faster conversion from mild cognitive impairment
(MCI) to AD (Kukull et al. 2002) and have a greater risk for
dementia, compared to men (Hebert et al. 2001; Brayne et al.
1997; Roberts et al. 2012; Anastasiou et al. 2017), although
some inconsistent findings have also been reported (Liberati
et al. 2009). It is not yet known, however, whether sex differ-
ences exist in relation to the MedDiet and cognitive outcomes
in older adults.

This review will update the literature by (i) conducting an
analyses of isolated data from Mediterranean regions, where
adherence to the traditional MedDiet is likely to be higher
than in other non-Mediterranean countries (von Elm et al.
2008); (ii) including data from RCTs as well as cohort stud-
ies; and (iii) including an analysis of differential outcomes
based on sex. In included studies, global cognitive function-
ing was measured using composite measures of cognitive
function. We focused only on global cognitive functioning
as outcome measures in studies are more likely to be ho-
mogenous, and because a prior review suggested that the
strongest evidence exists for a relationship between the
MedDiet and global cognitive functioning (Masana et al.
2017). The aim of this review therefore is to assess the
influence of adherence to the MedDiet on measures of glob-
al cognitive functioning in the Mediterranean regions of
Greece, Spain, Italy, and Southern France.
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Methods
Search Strategy

The following databases were searched to identify studies
written in English and published from January 2011 up to
January 2018: PubMed, the Cochrane Library, EMBASE,
Scopus, and Web of Science. Database searches were sup-
plemented with included studies from similar systematic
reviews published since 2011. The search strategy
(Supplemental Table 1) involved combining key terms re-
lating to cognition (e.g. “cognitive function”, “cognition”,
“brain health”) with specific words for the MedDiet (e.g.
“Mediterranean”), and key words for older adults (e.g.
“old”, “older”, elderly”, “ageing”). Titles and abstracts
were screened by two independent reviewers (BP and
MK) and cross-checked by DL to exclude articles that
did not meet the inclusion criteria. Full texts of the remain-
ing studies were then screened to identify eligible studies
(study selection flowchart, Fig. 1). We did not publish a
protocol for this review.

Selection Criteria

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. Studies
were included that investigated the effects of the MedDiet
on the cognitive functioning of older adults (50+) without
known cognitive impairment. Only longitudinal prospective
cohort studies and RCTs were eligible for inclusion because
they lend themselves better to causal inference than cross-
sectional studies. Exclusion criteria included studies that in-
vestigated hybrid Mediterranean-style diets and/or isolated
components of the MedDiet (see excluded studies table,
Supplemental Table 2). Only studies conducted in
Mediterranean regions that traditionally adhere to a MedDiet
were included (Greece, Spain, Italy, and Southern France).
The outcomes of interest were adherence to the MedDiet
and scores on global measures of cognitive functioning. The
following data were extracted from each study: authors and
publication year, study design and duration, Mediterranean
country of origin, participant gender and age, sample size,
MedDiet definitions and assessments used, global cognitive

. : o
Fig. 1 PRISMA flow dlagram Records identified through database searching
g (N=1,219)
'g (PubMed =249) (Cochrane Library = 30)
K (EMBASE = 658)  (SCOPUS = 282)
‘B
S
3
~— A
. Records after duplicates removed Records excluded,
(n=693) with reasons
(n=593)
&2 (Off-topic = 251)
g (Inappropriate design/outcomes
o v /population= 40)
a Records screened / (Review = 302)
(n=693)
) \ 4
Full-text articles assessed for Full-text articles excluded, with
E eligibility reasons tabulated
3 (n=100) (n=94)
) (Below 50 years = 4)
w l (Cross-sectional = 15)
(Duplicate = 2)
L Studies included in (Inappropriate design = 14)
qualitative synthesis (Inappropriate sample = 3)
— (n=6) (No statistical analysis = 10)
(Observational = 5) (No cognitive outcome = 6)
= (RCT=1) (Only clinical outcome = 9)
% (Poster = 10)
3 (Supplement/component = 5)
e (Not Mediterranean location =
= v 16)
Studies included in

quantitative synthesis
(meta-analysis)
(Observational = 5)
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functioning outcome measure, and key results (Tables 1 and
2). Study quality bias was assessed using the Strengthening
the Reporting of Observational Studies (STROBE) tool for
cohort studies (3 CM-Asv, Biostat 2015) (Supplemental
Table 3) and the Cochrane Risk of Bias Assessment for
RCTs (Higgins and Green 2011) (Supplemental Table 4).

Statistical Analysis

Two independent reviewers (DL and MK) extracted the data.
Comprehensive Meta-Analysis (CMA) software version 3.0
was used for data analysis (DL). For cohort studies, Pearson’s
r correlation coefficient was selected to identify studies yield-
ing a positive bivariate association, indicating that MedDiet
was associated with improved global cognitive functioning.
All effect sizes were first converted to Fisher’s Z and then to 7.
For continuous predictor variables, unstandardized b values
were standardized by dividing them by the SE, where avail-
able. If the SE was not available, the p value was used to
estimate the correlation. Standardized 3 values were convert-
ed to r by dividing them by the square root of the sample size.
For categorical predictor variables, 3 values were entered into
CMA ceither as raw mean differences or as Cohen’s d and
converted to Fisher’s Z. ORs were converted to Fisher’s Z in
CMA and then to . Subgroups in cohort studies (e.g. tertiles
of MeDi scores) were combined. Individual effect sizes were
combined using the inverse variance random-effects method
(DerSimonian and Laird 1986) to facilitate the consideration
of heterogeneity among studies. Heterogeneity was examined
using O, and any p value <0-10 was considered statistically
significant (Higgins et al. 2003). Inconsistency was examined
using 12, and the following grades were applied: <25% (very
low), 25 to < 50% (low), 50 to < 75% (moderate), and > 75%
(large) (Higgins et al. 2003). Priority was given to outcomes
that were adjusted for covariates and that removed cognitively
impaired participants. Multiple-publication bias was avoided
by using data from the most recently published study.
Cumulative meta-analysis ranked by year was used to de-
tect whether there was a dynamic trend in the analysis over
time (Lau et al. 1995). Outcomes were analysed with each
study deleted from the model once to examine the effects of
individual results on the overall findings. Meta-regression was
used to examine the potential association between effect size
and the following continuous variables: the effects of the
length of study, STROBE, age (mean), age (min), and sex
(% female). For categorical variables, we examined
between-group differences (between-group Q value) in effect
sizes using mixed-effects analysis of variance-like models for
meta-analysis if at least 3 effect sizes were available for each
category. Small study effects analysis was examined using
funnel plots, and the regression-intercept approach of Egger
and colleagues (Egger et al. 1997; Sterne et al. 2011) and
moderator analysis of the relevant categorical variables were
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planned where there was sufficient data, i.e. at least 10 for
study effects analysis (Egger et al. 1997) and at least 3 effect
sizes for moderator analysis were available for each category
(Borenstein et al. 2011).

Results
Included Studies

The combined search provided a total of 1219 papers. After
duplicates were removed and titles and abstracts were
reviewed, 1119 papers were excluded, leaving 100 potentially
relevant articles. After assessing full texts of the remaining
articles, 94 papers were excluded, with reasons recorded. A
total of five cohort studies and one RCT involving 4009 par-
ticipants were included in the review (see Fig. 1 and Tables 1
and 2). Two cohort studies were conducted in Greece
(Trichopoulou et al. 2014; Psaltopoulou et al. 2008), one in
France (Feart et al. 2009), one in Spain (Galbete et al. 2015),
and one in Italy (Gallucci et al. 2013). The RCT was conduct-
ed in Spain (Kesse-Guyot et al. 2013). Mean length across all
six studies ranged from 2 to 7 years. Studies were published
between 2008 and 20135, and all included both sexes with the
proportion of women being slightly higher in all but one study
(Cherbuin and Anstey 2012; Galbete et al. 2015). Participants
across all studies were aged 50 years old and above at base-
line, with mean ages ranging from 61.9 to 79.1. The sample
sizes ranged from 309 to 1410 participants.

Assessment of the Mediterranean Diet

Four of the five prospective cohort studies (Feart et al. 2009;
Trichopoulou et al. 2014; Psaltopoulou et al. 2008; Galbete
et al. 2015) utilized the initial research by Trichopoulou and
colleagues (Trichopoulou et al. 2003, 2014) to calculate
MedDiet scores. This original research used sex-specific me-
dian cut-off points to assign a value of 0 or 1 to each of nine
dietary components of the MedDiet, including vegetables, le-
gumes, fruits and nuts, cereals, fish (beneficial components),
meat, poultry, dairy (detrimental components), and ethanol.
Depending on consumption and median cut-off points,
favourable foods were assigned a value of 0 and unfavourable
foods were scored as 1. Adding the value assigned to each
component generated a total MedDiet median score ranging
from 0 (minimal adherence) to 9 (maximal adherence). Two of
the five cohort studies applied threshold values for adherence
of low 0-3, medium 4-5, and high 6-9 (Feart et al. 2009;
Trichopoulou et al. 2014), while one study used thresholds
of low 0-3, medium 4-6, and high 7-9 (Galbete et al.
2015). One cohort study did not provide information on
threshold cut-off scores (Psaltopoulou et al. 2008). The re-
maining cohort study calculated MedDiet status by asking
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Results

Outcome of
interest/results

Covariates

assessment/
adherence

MedDiet

STROBE

Baseline
demographics

characteristics

Study

Table 1 (continued)

Author
(year)
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In a univariate analysis, no association

Global

None

Assessed intake of

18

n=309
Age,

Gallucci et al. TRELONG study:

between MedDiet and cognitive

cognition

cereals, fish,

population-based sample

013)

0.076).

MeDi was not included in multivariate

analysis.

function was reported (p

(MMSE)

vegetables, and

fruit.

MeDi status (yes/no)

79.1 years
©.7)

aged 70-79 years selected
from registry office and

stratified for age and gen- 61.2% female

der
Mean length, 7 years

based on food

intake

APOE &4 apolipoprotein E genotype, BMI body mass index, CVD cardiovascular disease, EPIC European Prospective Investigation into Cancer and Nutrition, EVOO extra-virgin olive oil, FFQ food

frequency questionnaire, GDS Geriatric Depression Scale, MedDiet Mediterranean Diet, meds/day medications per day, MMSE Mini-Mental State Examination, STROBE Strengthening the Reporting of
Observational Studies in Epidemiology, SUN project Seguimiento Universidad de Navarra project, 7ICS-m telephone interview for cognitive status (modified), TRELONG study Treviso Longeva study

participants whether cereals were usually eaten once a day,
vegetables and fruit at least twice a day, and fish at least once
a week (yes/no) (Gallucci et al. 2013). In the RCT (Kesse-
Guyot et al. 2013), a validated 14-item screening tool to assess
changes and track adherence to the MedDiet was used
(Schroder et al. 2011).

Adherence to the Mediterranean Diet

The mean level of adherence to the MedDiet was low to
high across the prospective cohort studies. Adherence
was lowest in the Spanish cohort (Galbete et al. 2015),
where 33% of participants were classified with a low
score (0-3), 53% with medium scores (4-6), and 14%
with high scores (7-9). In the French cohort (Feart et al.
2009), 30% were classified as low (0-3), 44% as medium
(4-5), and 26% as high (6-9). The greatest level of ad-
herence reported was where 23% of participants were
classified with a low score (0-3), 43% with medium
scores (4-5), and 34% with high scores (6-9)
(Trichopoulou et al. 2014). One cohort study reported an
overall rate of 92% adherence to the MedDiet across their
sample, which referred to the fact 92% of respondents
answered yes when asked if they usually ate cereals once
per day, vegetables and fruit twice per day, and fish once
per week (Gallucci et al. 2013). Information on adherence
was not presented in the remaining cohort study
(Psaltopoulou et al. 2008).

In the RCT (Kesse-Guyot et al. 2013), participants in
the three groups (MedDiet plus olive oil, MedDiet plus
nuts, or control) reported similar levels of baseline adher-
ence to the MedDiet. At follow-up, both MedDiet groups
had increased adherence to the MedDiet, and pre-post
adherence change scores differed significantly between
intervention and control groups (p <0.001). Biomarker
changes were also assessed, and mean increases of
0.19% were found for plasma «-linolenic acid in the
MedDiet plus nuts group and an increase of 49.6 ug/L
in urinary hydroxytyrosol in the MedDiet plus olive oil
group, which demonstrated high MedDiet adherence.

Assessment of Global Cognitive Functioning

Four of the five cohort studies (Feart et al. 2009;
Trichopoulou et al. 2014; Psaltopoulou et al. 2008,;
Gallucci et al. 2013) and the RCT (Kesse-Guyot et al.
2013) assessed global cognitive functioning using the
Mini-Mental Status Examination (MMSE; Folstein et al.
1975). Domains assessed included orientation to time and
place, registration, attention and calculation, recall, lan-
guage, and visual construction. The remaining study
(Galbete et al. 2015) used the Spanish modified version
of the telephone interview for cognitive status (TICS-m;
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RCT (Kesse-Guyot et al. 2013) reported no sex differences
in MMSE scores, while the remaining two cohort studies
(Feart et al. 2009; Galbete et al. 2015) did not consider sex
differences in cognitive outcomes. In relation to adherence,
two cohort studies reported that men had higher levels of
adherence to the MedDiet compared to women (Feart et al.
2009; Psaltopoulou et al. 2008). In one study, women’s
adherence to MedDiet was also found to be higher than
men’s, with the exception of nuts, fruit, and dairy
(Trichopoulou et al. 2014). No sex differences were evi-
dent for nut and fruit consumption, but women consumed
more dairy compared to men (Trichopoulou et al. 2014).
No significant differences in adherence to MedDiet were
apparent in the remaining studies (Kesse-Guyot et al. 2013;
Galbete et al. 2015; Gallucci et al. 2013).

Meta-analysis Results

A meta-analysis of the results from the cohort studies re-
vealed a significant association between the MedDiet and
global cognitive functioning (p =0.012, see Fig. 2 and
Table 3). There was significant heterogeneity (Q = 16.45;
p=0.002) and inconsistency was large. In the two analyses
with one study removed in each, results were not signifi-
cant with those of Trichopoulou (Trichopoulou et al. 2014)
removed, or with Galbete et al. (2015) removed (Table 4).
Cumulative meta-analysis ranked by year found that
MedDiet significantly associated with global cognitive
functioning since 2015 (Table 4). No small study effects
analysis was conducted as there were less than ten effect
sizes available for analysis. Meta-regression was used to
examine length of study, STROBE, age (mean), age (min),
and sex (% female) (Supplemental Table 5). Only the result
for the STROBE assessment was significant (p= 0.01),
demonstrating that the effect size was stronger with im-
proved quality of study reporting.

Study name Statistics for each study

Lower
Correlation limit

Feart et al (2009) 0.177 0.119
Galbete et al (2015) 0.089 0.021
Gallucci et al (2013) -0.018 -0.129
Psaltopoulou et al (2008) 0.026 -0.047
Trichopoulou et al (2014) 0.156 0.061
0.091 0.020

Discussion

This systematic review and meta-analysis evaluated the im-
pact of the traditional MedDiet on measures of global cogni-
tive functioning in 4009 adults aged 50 years and over, with-
out known cognitive impairment and residing in the
Mediterranean regions of Greece, Spain, Italy, and Southern
France. We identified only one RCT that showed improved
cognitive function in response to a MedDiet supplemented
with olive oil after 4 years (Kesse-Guyot et al. 2013). The
pooled data from five prospective studies demonstrated a pos-
itive effect of higher adherence to the MedDiet on measures of
global cognitive functioning. The observed pooled effect size
was small (n = 3368, = 0.09), but larger than that reported for
MedDiet adherence and global cognition in a recent meta-
analysis of cognitively healthy older adults (n=41,492, r=

0.05; Masana et al. 2017). Therefore, it is possible that older
adults from Mediterranean countries accrue greater cognitive
benefit from the traditional MedDiet, perhaps owing to higher
overall adherence and/or longer exposure over the life course.
It is important to highlight, however, that MedDiet appears to
be beneficial to cognitive functioning irrespective of the coun-
try in which it is adopted. Reviews of data from the USA,
Australia, France, and Sweden (Wu and Sun 2017) and from
the USA, France, Australia, Spain, and Sweden (Hardman
et al. 2016) reported an association between MedDiet adher-
ence on cognitive functioning. Despite the limited data avail-
able, findings from this review lend support to the adoption of
MedDiet for brain health during ageing. These findings are
particularly relevant for public health campaigns given the
anticipated rise in the number of older people globally that
will be affected by cognitive impairment.

Our results in cognitively healthy Mediterranean adults ac-
cord with other reviews that have demonstrated an overall
beneficial effect of MedDiet on cognitive function in other
diverse populations (Wu and Sun 2017; Hardman et al.
2016; Masana et al. 2017; Kyrozis et al. 2013; Wardle et al.

Correlation and 95%Cl

Upper

limit

0.234 ——

0.156 ——

0.094 —J.—_

0.098

0.248 ——

0.161 -

-0.50 -0.25 0.00 0.25 0.50
Decline Improvment

Fig. 2 Forest plots for observational cohort studies showing plots for global cognitive functioning
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Table 3 Mediterranean Diet and global cognitive functioning: main cohort study results

Variable Studies (n) Participants (1) r 95% CI Z(p) Q) P (%)

Global cognitive 5 3368 0.091 0.020, 0.161 2.51(0.012) 16.45 (0.002) 75.69
functioning

2004). Our results remained consistent following meta-
regression controlling for potential sources of heterogeneity
including age, sex, and length of study follow-up. However,
the STROBE assessment as a predictor demonstrated that ob-
served effect sizes increased with improved quality of study
reporting. This serves as an important reminder of the impact
of study reporting quality on meta-analytic results and high-
lights the need for further high-quality prospective studies in
different populations.

We observed no differential effect of sex on the relationship
between adherence to MedDiet and global cognitive function-
ing. Although all studies controlled for sex, sex differences in
relation to global cognitive functioning were either not con-
sidered (Feart et al. 2009; Galbete et al. 2015) or not signifi-
cant (Kesse-Guyot et al. 2013; Trichopoulou et al. 2014;
Psaltopoulou et al. 2008; Gallucci et al. 2013). Results in
relation to sex differences in MedDiet adherence were mixed,
with men either found to adhere more (Feart et al. 2009;
Psaltopoulou et al. 2008) or less (Trichopoulou et al. 2014)
than women, or no differences were reported (Kesse-Guyot
et al. 2013; Galbete et al. 2015; Gallucci et al. 2013).
Interestingly, gender was not considered in the included stud-
ies. This is of relevance as gender and sex, as social and
biological constructs, respectively, are distinct and while both
are influential on dietary behaviours, gender may be more
relevant when considering dietary adherence (Iaccarino
Idelson et al. 2017; Butler 2002; Butler and Trouble 1990;
Lindeman and Sirelius 2001; Wood and Eagly 2015).
Understood as a social construct, gender is malleable, some-
thing that we perform and become rather than something we
are (Butler 2002; Butler and Trouble 1990). How we enact or
“do gender” is influenced by a wide range of factors, including
food (Lindeman and Sirelius 2001). For example, meat is
often associated with masculinity, and vegetables, dairy, and
organic products, with femininity (Shin and Mattila 2019;
Sobal 2005). These factors may therefore logically influence
whether one adheres to a dietary intervention or not. Despite

this, the distinction between gender and sex is not widely
considered in the MedDiet literature. To improve our under-
standing of how gender might influence MedDiet adherence
and in turn affect cognitive health outcomes, future research
should consider gender and sex as distinct, and examine any
differential effects that gender differences may have on rele-
vant outcomes.

Although we attempted to minimize reporting bias in the
meta-analysis by including only prospective data from
Mediterranean regions, we observed a high degree of hetero-
geneity between studies, which has also been reported in prior
reviews (Wu and Sun 2017; Masana et al. 2017). The follow-
up period of studies included in our review ranged from 2 to
7 years, which is quite broad when considering the trajectory
of global cognitive functioning in an ageing population. Given
that cognitive function declines slowly and progressively dur-
ing normal ageing, with high variability in the rate of decline
(Blazer et al. 2015), the duration of follow-up in prospective
studies is important. The mean age also varied across studies,
ranging by almost two decades, which would also have impli-
cations when considering cognitive functioning and its de-
cline. Studies with older cohorts, for instance, would be more
likely to observe change in cognitive functioning across
shorter timeframes since cognitive decline increases in nega-
tive slope in the 3 to 6 years before death (Wilson et al. 2003).
All six studies included in the meta-analysis used either the
MMSE or a measure that was validated against the MMSE, so
heterogeneity is unlikely to have arisen in this aspect of study
comparison. While included studies allowed a pooled analysis
for measures of global cognitive function, examining the ef-
fects of MedDiet on specific cognitive domains, from the ear-
liest through to the end stages of decline, could provide greater
insight into potential mechanisms of diet on brain health dur-
ing ageing and help to inform outcome measures for dietary
intervention trials targeting brain health.

It was not surprising that the MMSE was the most com-
monly used measure in the included studies as it has been

Table 4 Mediterranean Diet and global cognitive functioning: results from one study removed and cumulative analysis in cohort studies

Variable One study removed Cumulative analysis
Study Point difference smallest/largest (%) Significant since
Global cognitive Trichopoulou et al. (2014) 0.046 (41.1) 2015
functioning Galbete et al. (2015)
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reported to be the most frequently applied cognitive test
worldwide (Carnero-Pardo 2014). The widespread use of the
MMSE can be controversial due to threats to validity and
reliability resulting from misuse of the assessment (Monroe
and Carter 2012), its lack of sensitivity to mild deficits and
classification inaccuracies (Van Patten et al. 2019), and the
considerable effect of socio-educational variables on results
(Carnero-Pardo 2014). That said, the advantage of the wide-
spread use of the MMSE in cognitive research is that it allows
direct comparisons to be made across studies and contributes
to homogeneity in meta-analyses. A Cochrane review con-
cluded that the MMSE could still be used but only as part of
a broader assessment battery when results can be interpreted
in the context of the individual (Creavin et al. 2016).

The studies in this review used a range of cognitive assess-
ment tools and explored various domains of cognitive func-
tioning, though many were not sufficiently well aligned to
allow meta-analysis. This issue has been commented upon
previously (Lourida et al. 2013; Hardman et al. 2016). A so-
lution has been offered (Petersson and Philippou 2016), and
suggests that future research exploring the link between
MedDiet and cognitive functioning should employ a standard-
ized assessment protocol to facilitate future meta-analyses
specific to cognitive domains. This is important as different
domains may have unique patterns and mechanisms of de-
cline. For example, since semantic memory may decline in
early Alzheimer’s disease but not in non-pathological age-re-
lated cognitive decline (Spaan et al. 2003), it may be of inter-
est to explore the relationship between MedDiet adherence
and semantic memory measures (e.g. verbal fluency), since
this may be informative specifically about mechanisms
through which diet impacts Alzheimer’s pathology.

As with all dietary intake studies, measurement error and
misclassification bias for dietary exposure are possible. The
MedDiet is a priori defined dietary pattern that accounts for
complex and synergistic interactions between individual food
components; however, different methodologies have been
used in individual studies to assess MedDiet adherence. In this
meta-analysis, four of the five prospective studies employed a
consistent approach to generate MedDiet scores based on pop-
ulation median cut points for individual food items, although
only two applied the same threshold cut-off points for medium
and high adherence. The remaining study (Gallucci et al.
2013) and the RCT (Kesse-Guyot et al. 2013) used a different
approach to derive MedDiet scores. It would be of interest to
explore the psychometric properties of the scales used to mea-
sure MedDiet adherence particularly since one study used an
approach that did not seem to be previously validated
(Gallucci et al. 2013). Interestingly, the two studies on which
the significance of the overall results depended (Trichopoulou
et al. 2014; Galbete et al. 2015) diverged considerably in the
rates of adherence to MedDiet reported. This means that it was
possible to detect an effect of MedDiet adherence on global
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cognitive functioning independent of the pattern of adherence
detected in the sample. Four of the six studies highlighted
specific components of MedDiet that appeared important in
predicting global cognitive functioning which included
MUFA:SFA (Psaltopoulou et al. 2008; Galbete et al. 2015),
olive oil (Kesse-Guyot et al. 2013; Psaltopoulou et al. 2008),
and vegetables (Trichopoulou et al. 2014). Interestingly, these
food components have been independently shown to be pos-
itively associated with brain health outcomes (Morris 2016).
Therefore, while the MedDiet has garnered the most attention
in the diet-dementia field, the overall dietary pattern may not
represent an optimal combination of foods and nutrients for
brain health in older adults.

The MedDiet is nutritionally diverse and provides a
high MUFA:SFA ratio due to the use of olive oil as the
main fat source, fibre, vitamins, folate, and natural antiox-
idants (Willett et al. 1995; Bach et al. 2006).
Mechanistically, the MedDiet is likely to benefit brain
health in several ways including the inhibition of oxidative
stress and inflammatory pathways implicated in the patho-
genesis of cognitive decline and dementia. Adherence to
the MedDiet is demonstrated to decrease markers of both
oxidative stress (Fito et al. 2007) and systemic inflamma-
tion (Casas et al. 2014). Furthermore, experimental data
shows direct beneficial effects of MedDiet on the integrity
of neuronal cells that contribute to brain health (Dauncey
2009; Bourre 2006). Neuro-imaging biomarkers may pro-
vide sensitive measures of cognitive function to predict
long-term effects of dietary interventions earlier and help
to elucidate potential mechanisms of action (Pistollato
et al. 2015). Inverse associations between MedDiet and
preclinical brain changes associated with dementia (Gu
et al. 2015; Luciano et al. 2017; Mosconi et al. 2014;
Berti et al. 2018) are beginning to emerge, but further pro-
spective data are warranted to identify subtle neurological
changes that are amenable to dietary intervention and may
not be possible to detect with standard cognitive tests in
cognitively healthy populations.

There are methodological limitations in the current analysis
that we wish to highlight. We used the inverse variance
random-effects method to combine individual effect sizes
and to enable us to consider heterogeneity. The use of relative
rather than absolute cut-off points may have led to misclassi-
fication in the separate studies between various levels of
MedDiet adherence, making comparisons across studies diffi-
cult to interpret. We also consider methodological strengths in
the current analysis. We adhered to PRISMA guidelines in our
reporting of selected studies (Higgins and Green 2011). We
also chose to focus our efforts on studies that could contribute
to causal inference, i.e. RCT and longitudinal prospective
studies only (while acknowledging that only well-conducted
RCT studies can truly inform us about causality). This means
that it is unlikely that the overall effect hereby reported is due
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to reverse causality (the impact of cognitive function on ad-
herence to MedDiet), although of course it does not rule out
the possibility that this reciprocal pathway exists. It should
also be noted that a greater degree of methodological homo-
geneity was observed across studies when compared to other
reviews on the same topic. However, limitations of methodol-
ogy remain the most significant limitation in the current
review.

Conclusion

Findings from this review and meta-analysis indicate that
higher adherence to the MedDiet may contribute to better
global cognitive functioning in older populations living in
Mediterranean countries. In comparison to reviews which in-
cluded non-Mediterranean countries, it appears that greater
adherence to the MedDiet was observed in the current review.
Future research might consider the use of biomarkers to dis-
cern compliance with specific food components among
groups, although given threshold effects of nutritional bio-
markers, they should be used in conjunction with validated
dietary intake assessments in target populations. It is recom-
mended that future research employ standardized measure-
ment protocols to determine both MedDiet adherence and
cognitive functioning. Studies should also include a standard-
ized nutritional intake assessment that can be used to establish
the impact of cognitive changes over time (Hardman et al.
2016), and examine any differential effects that gender differ-
ences may have on the relevant outcomes. Further studies are
required to identify an optimal dietary pattern for brain health
during ageing. Overall, standardization is required to produce
more reliably comparable results across studies and to mini-
mize inconsistencies between various research designs (Kelly
etal. 2014).
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