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Abstract
Background/Objective—To conduct a systematic review of all studies to determine whether
there is an association between the Mediterranean diet (MeDi) and cognitive impairment.

Methods—We conducted a comprehensive search of the major databases and hand-searched
proceedings of major neurology, psychiatry, and dementia conferences through November 2012.
Prospective cohort studies examining the MeDi with longitudinal follow-up of at least 1 year and
reporting cognitive outcomes (mild cognitive impairment [MCI] or Alzheimer’s disease [AD])
were included. The effect size was estimated as hazard-ratio (HR) with 95% confidence intervals
(CIs) using the random-effects model. Heterogeneity was assessed using Cochran’s Q-test and I2-
statistic.

Results—Out of the 664 studies screened, five studies met eligibility criteria. Higher adherence
to the MeDi was associated with reduced risk of MCI and AD. The subjects in the highest MeDi
tertile had 33% less risk (adjusted HR=0.67; 95% CI, 0.55–0.81; P<0.0001) of cognitive
impairment (MCI or AD) as compared to the lowest MeDi score tertile. Among cognitively
normal individuals, higher adherence to the MeDi was associated with a reduced risk of MCI
(HR=0.73; 95% CI, 0.56–0.96; P=0.02) and AD (HR=0.64; 95% CI, 0.46–0.89; P=0.007). There
was no significant heterogeneity in the analyses.
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Conclusions—While the overall number of studies is small, pooled results suggest that a higher
adherence to the MeDi is associated with a reduced risk of developing MCI and AD, and a
reduced risk of progressing from MCI to AD. Further prospective-cohort studies with longer
follow-up and randomized controlled trials are warranted to consolidate the evidence.

Keywords
Mediterranean diet; MCI; Mild Cognitive Impairment; Alzheimer’s disease; systematic review;
meta-analysis

INTRODUCTION
Alzheimer’s disease (AD) is the sixth leading cause of mortality in the United States and the
fifth leading cause for people aged ≥ 65 years [1]. Mild cognitive impairment (MCI) is an
intermediate stage in the continuum from normal aging to dementia [2]. An individual with
MCI has a 10-fold increased risk of developing dementia as compared to cognitively normal
individuals [3]. Therefore, it is critical to identify potential protective factors for the
development of MCI and progression to AD.

The Mediterranean diet (MeDi) is one factor that was initially shown to reduce of the risk of
MCI and dementia [4–7]. MeDi is characterized by a high intake of vegetables, legumes,
fruits, cereals, and unsaturated fatty acids [mostly in the form of olive oil], moderate to high
intake of fish, low to moderate intake of dairy products, low intake of meat, and saturated
fatty acids, and a regular but moderate intake of alcohol [7, 8]. A 9-point scale known as
MeDi score was constructed to quantify the adherence to the Mediterranean diet [7, 9].
However, while some studies have reported that adherence to the MeDi is associated with
reduced risk of MCI and AD [6, 10–12] other studies have reported no protective effects
[13–15].

Therefore, we conducted a systematic review and meta-analysis of all the available studies
and report the pooled results of the association between the MeDi and risk of MCI and AD
from eligible prospective studies.

MATERIALS AND METHODS
This systematic review and meta-analysis followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement guidelines [16]. A protocol was
designed a priori, which was registered with PROSPERO, registration number=
PROSPERO 2013: CRD42013003868.

Eligibility criteria
To be eligible for inclusion in this meta-analysis, the study design had to be either a
randomized controlled trial (RCT) or a cohort study with longitudinal follow up of at least 1
year. Case series, case-control, and cross-sectional studies were not considered. All studies
also had to report adequate information to quantify MeDi and a risk estimate (hazard ratio
[HR], relative risk [RR] or odds ratio [OR]) for a cognitive outcome, or data from which it
could be calculated. Only dichotomous outcomes of MCI, dementia (all-cause or AD) or
combined MCI/dementia were included. We did not limit our search strategy by the
publication type or language status.

Multiple studies from a single cohort
We did identify multiple papers on MeDi from the same cohort (e.g. WHICAP 1992 and
1999 cohort). As a result, we used the following guidelines to determine which data to use in
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this meta-analysis. If the papers from same cohort reported different outcomes (i.e. MCI in
one and AD in another), both of them were included. If the same outcome was presented in
multiple papers, we only included the paper that reported a) maximum MeDi measures (both
continuous and in tertile), and b) had the longest follow up. In case of disagreement, we
conducted a sensitivity analysis. If there were multiple papers from the same cohort that
used different study designs (cross sectional vs. cohort), only the cohort study that reported
incident MCI or AD was included.

Literature search
We conducted a comprehensive search of six major databases (Ovid Medline In-Process &
Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid PsycInfo, Ovid
Cochrane Central Register of Controlled Trials, Ovid Cochrane Database of Systematic
Reviews, and Scopus) through November 2012, irrespective of language barriers. The
comprehensive search was designed by an expert librarian (PJE), with input from the
principal investigator. The detailed search strategy is available as an online appendix. We
hand searched conference proceedings of the major neurology, psychiatry and dementia
organizations from last 5 years for relevant abstracts and potential manuscripts, to minimize
the publication bias. In addition, we queried experts (in MCI, and dementia) and reviewed
the references for potentially eligible articles in order to identify all possible studies. In
references of missing data, the corresponding authors of the articles were contacted for
additional information.

Study selection
Two reviewers (BS and AJP) first independently screened the titles and abstracts of
potentially eligible articles, followed by a comprehensive review of the full texts of the
selected potentially eligible articles. Inter-reviewer agreement for study selection was
assessed with Cohen’s weighted κ [17].

Data extraction
Two reviewers (BS and AJP) independently extracted data from the included studies using
the standardized predesigned form and any disagreement was resolved by mutual consensus
in the presence of a third investigator (MM). The following data were extracted from each
study: author, country, publication year, number of participants, description of study
participants, inclusion and exclusion criteria, outcome definition, the measure and strength
of the association (HR, OR, or RR) with corresponding 95% confidence interval (CI),
variables adjusted for in the multivariable analysis, the duration of follow-up, and missing
data.

For exposure data, we included the definition and method used to calculate the MeDi score.
For outcome data extraction, we included the criteria used to diagnose MCI, AD, and
dementia and the risk estimates of participants with adherence to MeDi (using MeDi score).

Definitions for exposure and outcome
MeDi Adherence—We defined the adherence to the MeDi diet according to the MeDi
score [7, 9]. MeDi score is a 9-point scale, in which a value of zero or one is assigned to the
9 components of the MeDi. A sex-specific median is assigned a value of 0 for consumption
below the median and 1 for consumption at or above the median for beneficial components
(vegetables, legumes, fruits, cereal, and fish). For components presumed to have adverse
effects (meat, dairy products), a value of 1 for consumption below the median and 0 for
consumption at or above the median is assigned. For fat intake, different studies have used
the different versions; however in most of the studies they have used the ratio of
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monounsaturated fatty acids (MUFA) to saturated lipids/fatty acids, with a value of 1
assigned for high and 0 for low intake. In most of the studies, for alcohol intake, 0 is
assigned for high/no intake (intake of 0 or ≥ 30g/day) and 1 for mild-to-moderate intake (> 0
to < 30 g per day). The total MeDi score ranges from 0 (minimal adherence) to 9 (maximal
adherence). We divided the total score in to three tertiles according to adherence, MeDi
scores 0–3 (low), 4–5 (middle), and 6–9 (higher) [6, 7, 11, 12, 14].

Outcomes of interest
1. Incident outcomes were divided into three groups; a) from cognitively normal at

baseline to MCI, b) from cognitively normal at baseline to AD, and 3) conversion
from MCI to AD.

2. Overall composite estimate of incident cognitive impairment, which includes any
incident outcomes, either MCI or AD in cognitively normal subjects or AD in MCI
subjects

Alzheimer’s disease—The diagnosis of AD was made according to the criteria of the
National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s
Disease and Related Disorders Association [18].

Mild Cognitive Impairment—The MCI diagnosis are based on a full neuropsychological
battery and reviewed by expert clinicians or neurologist or consensus/standard criteria [19].

QUALITY ASSESSMENT
Two reviewers (BS and AP) independently performed the quality assessment of the study
methodology using the Newcastle-Ottawa Scale (NOS) [20] for observational studies. We
used a “star system” in which a study was judged on three broad perspectives: selection of
the study groups (four questions), comparability of the groups (two questions) and
ascertainment of either the exposure/outcome of interest (three questions). All the questions
received one star, except for comparability of the groups, where separate points were
awarded for adjustment for age and sex (maximum two stars). Any disagreement was solved
by mutual consensus in the presence of a third investigator (MM). No clinical trial was
identified during the search and study selection.

STATISTICAL ANALYSIS
Categorical variables were estimated as mean number and frequency, while the continuous
variables were estimated as means with standard deviation. We summarized the evidence for
all the outcomes as HR with 95% CI. We used both the unadjusted and the adjusted
multivariable models for the analysis. The DerSimonian-Laird random-effects model was
used for the analysis [21]. The data points for the meta-analysis were entered as the
logarithms of the HR, and their standard errors. Pooled results were reported separately for
MCI, AD, and the composite end point of cognitive impairment. The results were reported
separately for the MeDi adherence as a continuous score, as well as in tertiles.

We used the Cochran’s Q test to assess between-study heterogeneity. A P-value of <0.10
and I2 values of > 50% were considered as significant heterogeneity across the studies [22].
Statistical analyses were performed using Review Manager Version 5.1 [23]. A two-tailed
P-value <0.05 was considered significant for all the analyses (except for heterogeneity).

We planned a priori hypotheses to explain the potential heterogeneity across studies by
doing subgroup analysis of these factors: 1) methodological quality (NOS Score > 7 vs. ≤ 7)
and 2) country of origin (US vs. Non-US).
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Heterogeneity across the sub-groups was calculated with Cochran’s Q test [24], and the
comparison of risk estimates were made with an interaction test [25]. Publication bias could
not be assessed using the funnel plot as the number of included studies was < 10 [26, 27].

RESULTS
An initial comprehensive search identified a total of 738 records, of which 76 duplicate
articles were excluded. Two additional articles were added through additional query of
experts [28, 29]. Out of the 664 records initially screened from the titles and abstracts, 37
articles were selected for complete text review. The detailed study flow diagram is shown in
figure 1. The inter-reviewer agreement for initial reference selection by reviewing abstract
and titles, and reviewing complete articles were excellent, κ = 0.94 (95% CI= 0.89 – 1.00)
and κ = 0.89 (95% CI= 0.69–1.00), respectively.

A total of 5 papers (6 cohorts) [4, 6, 11–14] met the eligibility criteria, of which three are
from the US [6, 11, 12], one each from Australia [13] and France [4]. The Personality &
Total Health (PATH) through life study investigators published two studies from the same
cohort, with different follow-up duration of 4 [13] and 8 years [14]. For our primary
analysis, we included the study with the longer follow-up duration [14] (which was
published only as an abstract) and conducted a sensitivity analysis with the data from the full
article [13]. The mean age of study participants varied from 62 years [13] to 80 years [11].
The study participants were ≥ 65 years of age in all except one study [13], in which the
study participants were between 60 to 64 years of age. Length of follow-up ranged from 2.2
[11] to 8 years [14]. The study characteristics of the included studies are included in Table 1.

A total of 3636 participants from two studies [4, 12] and 3901 participants from three
studies [6, 11, 14] were included in the analysis of incident MCI and AD among cognitively
normal individuals at baseline. A total of 482 participants were included in the analysis
examining MeDi and progression from MCI to AD.

Cognitively normal at baseline to MCI (Figure 2)
When restricting the analyses to incident MCI, the MeDi score, as a continuous variable,
was not associated with incident MCI (adjusted HR=0.95; 95% CI, 0.84 – 1.08, p = 0.45).
When examining tertiles, the highest MeDi tertile (adjusted HR=0.73; 95% CI, 0.56– 0.96, p
= 0.02) was associated with a reduced risk of MCI and there was also a trend for the middle
tertile (HR=0.82; 95% CI, 0.64– 1.05, p = 0.11); compared to the lowest.

Cognitively normal at baseline to AD (Figure 3)
Among studies examining AD, each one-point increase in the MeDi score in cognitively
normal individuals was associated with an 8% reduced risk of developing AD (adjusted HR,
0.92; 95% CI, 0.85 – 0.99), p= 0.03. Examining the MeDi in tertiles, subjects in the middle
MeDi tertile had 13% (not significant) reduced risk (adjusted HR=0. 87; 95% CI, 0.66 –
1.14, P= 0.31), while the subjects in the higher tertile had 36% risk reduction (adjusted
HR=0.64; 95% CI, 0.46– 0.89, P= 0.007) as compared to the lowest.

MCI to AD (Online Figure)
Continuous MeDi score showed a trend towards a reduced risk of progressing from MCI to
AD (adjusted HR=0.89; 95% CI, 0.78 – 1.02, p=0.09). However, there was a significant risk
reduction in MCI subjects among the middle MeDi tertile (adjusted HR=0.55; 95% CI, 0.34
– 0.90; P= 0.02) and highest MeDi tertile (adjusted HR=0.52; 95% CI, 0.30 – 0.91; P= 0.02)
compared to the lowest tertile.
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Risk of Cognitive impairment (Figure 4)
A meta-analysis of all the studies showed that a one point increase in the MeDi score is
associated with an 8% reduced risk of developing cognitive impairment in both unadjusted
(HR, 0.92; 95% CI, 0.88 – 0.96) and adjusted (HR, 0.92; 95% CI, 0.88 – 0.97, p = 0.001)
models, with no heterogeneity (I2 = 0%). Examining the MeDi in tertiles, there was a dose-
response association such that subjects in the middle MeDi tertile had a 20% reduced risk
(adjusted HR = 0.80; 95% CI, 0.67– 0.95; P = 0.01) while the highest MeDi tertile had 33%
reduced risk (adjusted HR=0.67; 95% CI, 0.55– 0.81; P <0.0001). These findings are
consistent with “level 2a evidence,” i.e., systematic review (with homogeneity) of cohort
studies [30].

Quality of the included studies
All included studies were high quality, longitudinal, population-based studies with the total
NOS score ≥ 8 (Table-2). The included studies varied according to the adjusting covariates;
however, all the studies were adjusted for age, sex, education and Apolipoprotein E (APOE).

Sensitivity and sub-group analyses
The PATH through life study investigators published two studies from same cohort, with
different follow-up durations of 4 [13] and 8 years [14]. In one study [14], the outcome was
reported as a HR and in the other [13] as an OR. A sensitivity analysis was conducted using
the abstract data and full publication data separately. There was a mild reduction of 1% in
risk estimate when we used the data from the published paper, this could be due to
overestimation by using OR as an outcome measure [31]. There was disagreement between
the two reviewers regarding the inclusion of a paper by Scarmeas et al [5] with longer
duration of follow-up (5.4years), but lesser sample size (n=1476), and including only MeDi
tertile measure; whereas the paper [12] included in the table-1 had larger sample size
(n=1759) and in addition, had estimated for continuous MeDi scores. The number of
outcomes in the adjusted models did not differ by much between the two studies (224–
219=5). Therefore, we did a sensitivity analysis, including the study with longer duration of
follow-up. We did not observe any difference in the results for the high vs. low MeDi score
group. However, the results for the middle vs. low MeDi score became only borderline
significant for a) overall cognitive impairment (HR=0.84, 95% CI= 0.71 – 1.00; p=0.05) and
b) remained non-significant for MeDi diet and risk of AD in cognitively normal individuals
at baseline (HR=0.98, 95% CI= 0.74, 1.30; p=0.90, I2=0%). Thus, inclusion of this paper in
the main analysis could not have provided any additional advantage.

Out of the 5 included studies, two [6, 12] of the paper were from the same cohort, but with
different outcomes, which could result in overrepresentation of the data from the same
cohort. Therefore, we conducted a sensitivity analysis by excluding the paper with the
smaller sample size [6]. After excluding this paper, the overall neuroprotective effect of
MeDi was significant only for the highest MeDi tertile group (adjusted HR = 0.67; 95% CI
0.51 – 0.88, p = 0.004), but was non-significant for middle MeDi tertile group (adjusted HR
= 0.85; 95% CI, 0.67– 1.07, p= 0.17) and continuous MeDi score (adjusted HR = 0.94; 95%
CI, 0.87 – 1.02, p= 0.12).

We did not observe significant heterogeneity for any of the analyses. However, we
conducted a pre-planned sub-group analysis based on the location of the study (online
Table-1). For continuous MeDi scores, there was no difference between the studies
conducted in the US (n = 3 studies; adjusted HR, 0.91; 95% CI, 0.87–0.96) and non-US
(n=2 studies; adjusted HR, 1.02; 95% CI, 0.89 –1.17) (P value for difference between the
sub-groups = 0.13). There was no significant difference in the cognitive impairment among
the US and non-US populations for middle and highest MeDi tertiles in comparison to

Singh et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



lowest MeDi tertile (P= 0.52 and 0.61, respectively). Sub-group analysis based on the pre-
planned quality of studies could not be conducted, as all the studies were of high quality.

DISCUSSION
This meta-analysis found that a higher adherence to the MeDi is associated with a reduced
risk of cognitive impairment, MCI and AD, as well as the transition from MCI to AD. The
associations were significant even for the sensitivity analysis. This study suggests that there
is evidence that MeDi may be neuroprotective for MCI and AD with higher adherence.
However, given the limited number of studies, the results should be interpreted with caution.
The findings of our study are similar to a recently published meta-analysis, which showed
that adherence to MeDi is associated with a reduced risk of stroke, depression and cognitive
impairment [32]. In the study by Psaltopoulou and colleagues [32], authors included both the
case-control and longitudinal studies, whereas in this study, we have included only
longitudinal studies. Another difference is in the inclusion criteria, we have included
longitudinal studies measuring MeDi scores as continuous or tertile measures and reported
the results separately; whereas, Psaltopoulou et al [32] included studies measuring MeDi
scores as tertile only. Thus, we have included an additional study [13] in our systematic
review and meta-analysis. Furthermore, we included studies using standard criteria to
diagnose MCI and AD, and did not include studies using MMSE as a tool to diagnose
dementia (as this could lead to heterogeneity), whereas, Psaltopoulou et al included studies
using MMSE as a tool to diagnose dementia.

It is hypothesized that a composite score such as MeDi score would capture the possible
additive and interactive effects among the diet components [6, 12]. Although, we did not
find any heterogeneity in the analysis, the components of the MeDi in western countries
would be different from the traditional MeDi diet, which has high components of the olive
oil [39]. This difference in the beneficial components of MeDi could explain the difference
in risk estimation among the studies. Diet is variable across regions. Given the methodology
for computing the MeDi score, tertiles may not mean the same thing across locations,
cultures, and populations. A low tertile in one group – for example, the French (with less
fats, probably more fruit and vegetables, more wine), may be a high tertile in MN (where
there is more meat and potatoes, less vegetables, more dairy). Thus, this could be a reason
for the different results from the studies from different regions.

Variations in length of follow-up could be an important factor. Cognitive changes predate
the development of AD pathology by decades [41]. The follow up duration of the studies in
our meta-analysis ranged from 2.2 years [11] to 8 years [14], which may result in different
risk estimates. Therefore, studies with longer follow-up duration are needed to estimate the
neuroprotective effect of MeDi. Another important way to answer this question, whether
MeDi reduces the cognitive impairment, would be a RCT. In a recent multicenter RCT,
MeDi supplemented with extra-virgin olive oil or nuts have shown to reduce the incidence
of major cardiovascular events in high risk cardiovascular disease patients [42]. Thus, RCT
could be better choice to answer this important question in elderly patients at increased risk
of cognitive impairment.

Higher adherence to MeDi has been shown to be associated with low level of C-reactive
protein and lower interleukin levels [33–35]. Therefore a possible underlying mechanism for
the neuroprotective effects of the MeDi could be due to its vascular properties and its ability
to reduce inflammation, and oxidative stress, which are also associated with the
pathophysiology of the degenerative disease [36–38]. Another reason for the beneficial
effect of MeDi could be due to the beneficial effect of the individual components, vegetables
[11], high ratio of monounsaturated fatty acids to saturated fatty acids [39], alcohol [11] and
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fish [40]. Another important pathway for the protective effect of MeDi could be due to the
proposed cardio-protective role of MeDI, by lowering the risk of cardiovascular
comorbidities, such as hypertension, dyslipidemia and coronary artery disease [38, 43, 44].
MeDi has been associated with a significant reduction in plasma glucose level, serum insulin
levels and insulin resistance, and in ameliorating the features of metabolic syndrome and
obesity [38, 45, 46].

Limitations
A major limitation of our meta-analysis is the small number of studies (<10), therefore we
could not assess publication bias [27]. However, to overcome this limitation we hand-
searched the abstracts of the major neurology, psychiatry, and dementia conferences and
queried the content experts in dementia. We identified two additional papers by this method;
however, they were excluded after full text review as they did not meet the eligibility criteria
for our study. Another potential limitation could be the difference in the diet among the
various regions; in particular, the amount of olive oil intake (which is associated with
neuroprotection for cognitive decline) in Mediterranean regions is much higher than in other
countries [47]. This could contribute to the differences in incident MCI and AD among low
and middle MeDi tertile groups. Furthermore, there have been some concerns regarding the
reliability of MeDi score as a tool to measure ‘adherence to the Mediterranean diet’, as the
error variance of the observed-scores may vary after selection of food groups based on their
median values by sex. Therefore, the pooled results should be interpreted with caution.
However, MeDi score has shown acceptable performance in measuring adherence to MeDi
[48].

Conclusion
Our systematic review and meta-analysis suggests that higher adherence to the
Mediterranean diet is associated with a reduced risk of developing MCI and AD, and
reduced risk of MCI conversion to AD. Findings from this study, suggest the need for
further prospective longitudinal studies with longer follow-up and randomized controlled
trials to determine whether adherence to the Mediterranean diet could reduce the risk of
MCI and AD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The study flowchart showing the study identification and selection
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Figure 2.
Summary of adherence to the Mediterranean diet and risk of mild cognitive impairment
among cognitively normal individuals at baseline
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Figure 3.
Summary of adherence to the Mediterranean diet and risk of Alzheimer’s disease among
cognitively normal individuals at baseline.
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Figure 4.
Summary adherence to the Mediterranean diet and risk of cognitive impairment
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