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Abstract

Background Dementia affects 5-8% of the population aged over 65 years (~50 million worldwide). Several factors are asso-
ciated with increased risk, including diet. The Mediterranean diet (MedDiet) has shown potential protective effects against
several chronic diseases.

Aims This systematic review with meta-analysis aim was to assess the association between adherence to the MedDiet and
the risk of dementia in the elderly.

Methods PRISMA-2020 guidelines were followed. PubMed/MEDLINE and Scopus were searched on 17 July 2023. The
Newcastle—Ottawa Scale tool was used to assess the risk of bias. The protocol was pre-registered in PROSPERO (registration
number: CRD 42023444368). Heterogeneity was assessed using the /2 test. Publication bias was assessed by visual inspec-
tion of the funnel plot and by Egger’s regression asymmetry test. The final effect size was reported as OR or HR, depending
on the study design of the included studies.

Results Out of 682 records, 21 were included in the analysis. The pooled OR was 0.89 (95% CI=0.84-0.94) based on
65,955 participants (I’=69.94). When only cohort studies were included, HR was 0.84 (95% CI=0.76-0.94) based on
55,205 participants (I=89.70). When only Alzheimer Disease was considered OR was 0.73 (95% CI=0.62-0.85) based
on 38,292 participants (I*=63.85).

Discussion Despite the relatively low risk reduction associated with higher adherence to MedDiet among elderly, it should
be considered that this population is the most affected.

Conclusions Adherence to MedDiet could be an effective non-pharmacological measure to reduce the burden of dementia,
even among elderly.
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Dementia represents a group of several brain degenerative
diseases that impair memory, thinking and the ability to
perform daily tasks. These diseases are characterized by
the destruction of nerve cells and damage to the brain,
which in turn leads to a progressive deterioration of cog-
nitive function over time [1]. Dementia can affect peo-
ple of any age, but it is predominant among the elderly,
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despite not being a natural part of the aging process. In
2014, approximately 5 million people over the age of 65
lived with dementia, and projections estimate an increase
to near to 14 million by 2060 [2]. Moreover, dementia
ranks as the 7th leading cause of death and is one of the
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major causes of disability and dependency in the elderly
population, with women suffering the most, especially in
terms of higher disability-adjusted life years (DALYs) and
mortality [3].

Alzheimer's disease (AD) is the most common cause of
dementia, accounting for at least two-thirds of all demen-
tia cases in people over the age of 65 [4]. It is caused by
a slowly progressing neurodegenerative accumulation of
amyloid-beta peptides (Af) which cause neuritic plaques
and neurofibrillary tangles [5]. Several factors have been
associated with a higher or lower risk of dementia, including
Alzheimer’s Disease. Older age, genetic factors, traumatic
head injury [6], depression [7], cardiovascular and cerebro-
vascular disease [8], smoking [9], family history of dementia
[10], increased homocysteine levels and Apolipoprotein E
(APO-E) €4 allele have been recognized as potential risk
factors [11]. On the contrary, higher education [12], use of
anti-inflammatory agents [13], cognitive engagement [14],
regular aerobic exercise [14] and healthy diet have been
reported to decrease the risk of Alzheimer's disease [4].

Among healthy dietary patterns, the Mediterranean
diet has been associated with beneficial effects on several
health-related outcomes, including cognitive function [15].
The Mediterranean diet is characterized by a high consump-
tion of whole grains, fruits, vegetables, legumes, and olive
oil, with a moderate intake of cheese and fish and a lim-
ited intake of meat (especially red and processed meat),
sweets and alcohol. Several studies have highlighted the
anti-inflammatory effect of the Mediterranean Diet which
is considered as one of the main biological pathways through
which beneficial effects are mediated [16]. However, results
from the literature are not concordant, with some studies
reporting that higher adherence to the Mediterranean Diet
can improve physical performance and cognitive function
[17], delay the onset or prevent dementia and reduce the
risk of Alzheimer disease [18], while other studies have not
reported any protective effects [19]. Moreover, most of the
previous studies refer to adults in general, instead of specifi-
cally focusing on the elderly.

Therefore, the primary aim of this systematic review with
meta-analysis was to retrieve, collect and collate all the exist-
ing evidence in the literature to obtain a comprehensive view
on the association between adherence to a Mediterranean
diet and risk of dementia among elderly people. Second, this
review aims to evaluate critically existing literature, assess-
ing the quality of the studies included and potential biases.
Third, using a meta-analytical approach, this review aimed
to provide a summary statistical estimation of the strengths
of the association between adherence to a Mediterranean
diet and dementia, also conducting sensitivity analysis, con-
sidering the type of dementia and study design. Lastly, this
review also conducted subgroup analyses based on the geo-
graphical area and methods used to assess diet.
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Methods

The current systematic review with meta-analysis was con-
ducted according to the guidelines of the Cochrane Col-
laboration [20], and the results were reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 (PRISMA-2020) and the Meta-Anal-
ysis of Observational Studies in Epidemiology guidelines
[21]. The research protocol was defined in advance and
shared among the research team. Therefore, the protocol
was registered in the international database of prospec-
tively registered systematic reviews (PROSPERO; registra-
tion number: CRD 42023444368).

Literature search strategy

The literature search was conducted simultaneously on
PubMed/MEDLINE and Scopus on 17 July 2023, based
on the following research question: “Is higher adher-
ence to the Mediterranean diet associated with a lower
risk of dementia in the elderly?”. Therefore, the search
strategy was developed considering three aspects: the
elderly (as population), adherence to the Mediterranean
diet (as exposure), and dementia (as outcome of interest).
Selected keywords, both MeSH terms and Title/Abstract,
were combined using the Boolean operators AND and
OR. The search strategy was first developed in PubMed/
MEDLINE and therefore adopted for Scopus. The search
strategy used for each database is presented in the sup-
plementary Table 1. The searches were performed blindly
by two researchers (VG and DN) and an equal number of
records were retrieved. Potential additional relevant arti-
cles were searched by screening the reference lists of the
included articles and consulting experts in the field.

Inclusion/exclusion criteria

Inclusion/exclusion criteria were defined according to the
following guidelines: Population (P), Exposure (E), Com-
parison (C), Outcome (O), Study design (S). In particu-
lar, only observational epidemiological studies in elderly
people (over 60 years of age), assessing the association
between adherence to the Mediterranean diet and dementia
(any type), published in English in an international, peer-
reviewed scientific journal, were considered eligible. In
contrast, non-original or interventional studies assessing
the association between adherence to any other type of
diet and a health outcome other than dementia in peo-
ple younger than 60 years, not published in English and
not in a peer-reviewed journal were excluded. A detailed
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description of the inclusion/exclusion criteria, defined
according to PECOS, is provided in the supplementary
Table 2.

Study selection and data extraction

As previously done [22, 23], the selection of studies was
carried out in two stages. First, titles and abstracts of records
retrieved using the search strategy and those retrieved from
additional sources were screened independently by two
reviewers using the inclusion/exclusion criteria above. Sec-
ondly, the full-text was searched and downloaded only for
potentially eligible articles. These were then assessed inde-
pendently by two reviewers. Any disagreements about the
eligibility and inclusion of articles were resolved by discus-
sion between the reviewers. If disagreement persisted, a third
senior researcher was involved to make the final decision.
The extracted data were collected using a standardized, and
pre-defined spreadsheet using Excel (Microsoft Excel® for
Microsoft 365 MSO, USA, 2019). To improve the quality
of data extraction, the spreadsheet was pre-tested on five
randomly selected studies. The following information was
extracted from each included study: first author, year of
publication, the country in which the study was conducted,
study period, study design, number of participants, age and
sex, main population characteristics, number of participants
lost (attrition rate), dietary assessment tool used, whether or
not the tool was validated, Mediterranean diet score used to
assess adherence, diagnostic tool used to diagnose dementia,
type of dementia, maxim adjusted effect size measurements
along with the corresponding 95% Cls, variables used for
adjustment, whether funding was received for conducting
the original study, and declared conflicts of interest. Data
extraction was performed in duplicate and discrepancies
were resolved by discussion. Missing data were obtained by
contacting the corresponding author.

Data synthesis

Following the PRIMA 2020 guidelines, the selection process
was documented using a “flow diagram” showing the num-
ber of references excluded at each step. Reasons for study
exclusion after full-text assessment are reported in detail. In
addition, the extracted data were tabulated and summarized
in text. Moreover, the results of the statistical analysis are
presented in both tables and figures (detailed below).

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the
methodological quality and risk of bias of the included stud-
ies. The scale is based on a 'star system' in which studies are
graded on three main aspects: the selection of study groups,

the comparability of the groups, and the ascertainment of
either the exposure or the outcome of interest. The overall
quality score was considered as a continuous variable; how-
ever, taking into account the previously adopted cut-off, the
studies were considered to be of high quality if the NOS
score was equal to or greater than 7 points.

Statistical analysis

Data were pooled using a meta-analysis focusing on the
overall association between higher adherence to the Mediter-
ranean diet and the risk of any type of dementia (including
mild cognitive impairment). The summary effect size was
calculated based on the odds ratio (OR), hazard ratio (HR),
and risk ratio (RR) of the included studies. The final effect
size was reported as OR or HR based on the study design of
the included studies. In particular, an OR was reported in the
subgroup analysis that included only cross-sectional studies.
Conversely, in the subgroup that included only longitudi-
nal studies, the effect size was calculated using HR. In the
current meta-analysis, random and fixed effect models were
used. Heterogeneity was assessed using the I? test, which
measures the proportion of total variance between studies
that is beyond random error. Based on the results obtained,
heterogeneity was classified as high when I values were
equal to or greater than 75%, moderate when I values were
between 50 and 75%, low when I values were between 25
and 50%, and finally, no heterogeneity when I values were
equal to or less than 25%. Publication bias was assessed
by both visual inspection of the funnel plot and by Egger’s
regression asymmetry test, with statistical significance set
at p <0.10. If publication bias was detected, the trim and fill
method was used to adjust for it by searching for missing
studies to the right of the total. All data analyses were per-
formed using Prometa3® software (Internovi, Cesena, Italy).

Sensitivity analyses

A sensitivity analysis was conducted based on type of
dementia (including only unspecified dementia and mild
cognitive impairment; only unspecified dementia; only Alz-
heimer disease; only mild cognitive impairment). Moreover,
a sensitivity analysis was performed that included only stud-
ies of high methodological quality. Finally, studies based
on the same population were excluded to avoid potential
overlapping effects. In this case, only studies with the high-
est NOS score or, in case of a tie, the study with the larger
sample size were selected.

Subgroup analyses

Subgroup analysis was performed by study design, coun-
try in which the study took place (including only studies
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conducted in Mediterranean countries), sex, and only includ-
ing studies that used validated tools. Subgroup analyses were
only performed when three or more studies were available.

Results
Literature search

A total of 682 records were identified by searching Pubmed/
MEDLINE (n=257) and Scopus (n=425). No additional
articles were included based on reference screening and
expert consultation.

After preliminary exclusion of duplicates (n=231),
a total of 451 records were screened based on title and
abstract. Based on the initial screening, 420 records were
removed due to different language (n = 18), non-human stud-
ies (n=2), non-original work (n=23) and focus on different
topics (n=376), leaving 32 records eligible for inclusion.
Based on full-text assessment, 11 records were excluded
(reasons for exclusion are detailed in the supplementary
Table 3) [24-34], resulting in 21 records included in the
current systematic review [19, 35-54]; however, one record
did not provide analytical data and, therefore, could not be
included in the meta-analysis [37]. The selection process is
shown in Fig. 1.

Main characteristics of included studies

Almost all continents were represented with Europe with
eight studies (Greece n =3 [36, 39, 46], Sweden n=2 [42,
49], Netherlands n=1 [40], France n=1 [19], Italy n=1
[48]), followed by the United States of America with seven
studies [43, 44, 47, 50-53], three studies were conducted
in Australia [35, 41, 45], one study was conducted in Bra-
zil [37], one study in Hong Kong [38], and one study in
Morocco [54]. Regarding the study period, the first cohort
was established in 1970 [49], while the most recent study
was conducted in 2022 [35]. In terms of study design, half
of the included studies were cohort studies (n=13) [19,
39, 40, 42-47, 49, 50, 52, 53], followed by cross-sectional
studies (n=6) [35-38, 41, 54], one study performed both
cross-sectional and longitudinal analysis [48], and lastly
one study is a case—control study nested within a cohort
study [51]. Sample sizes ranged from 96 [37] to 28,025
participants [42]. The attrition rate (based on non-com-
pliance or loss to follow-up) ranged from 0 [37] to 76.7%
[48]; however, three studies did not report this information
[36, 41, 46]. Dietary assessment was mainly based on food
frequency questionnaires (FFQ), with the number of items
ranging from 14 [35] to 389 [40]. Only two studies used a
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combination of FFQ and 24-h recall [19] or a 7-day food
diary [42], while one study used a 7-day food diary [49].
All questionnaires used were validated, but two studies
did not report this information [37, 42]. Adherence to the
Mediterranean diet was estimated using different types of
scores. In particular, eight studies used the score proposed
by Trichopoulou et al. [19, 38, 41, 43, 50-53]; seven stud-
ies used the score proposed by Panagiotakos et al. [36,
37, 39, 40, 46, 47, 54], one study used both scores [45],
two studies used the modified Mediterranean Diet Score
(mMDS) [42, 49], one study used the alternate Mediterra-
nean Diet Score (aMDS) [44], one study used the 14-item
Mediterranean Diet Adherence Screener (MEDAS) [35],
and one study calculated adherence using defined self-
defined score [48]. Details are given in Table 1.

Main characteristics of the study population

Recruited participants were all over 60 years of age (due
to our inclusion criteria) with the oldest population being
93 years of age [48]. In the majority of included stud-
ies, participants were community-dwelling; however, four
studies only included Medicare beneficiaries [43, 51-53]
and three studies included participants from health-
care institutions (neurology outpatients [37], retirement
communities [47], and nursing homes [54]). All studies
included both women and men, but one study included
only postmenopausal women [44], and one study included
only men [49]. More details are given in Table 2.

Quality assessment

All included studies scored 7 or higher and were there-
fore considered to be of high quality. Only the study not
included in meta-analysis was considered as moderate
quality (main reasons were attributable to the statisti-
cal analysis). Approximately half of the included studies
(n=12) reported no conflicts of interest, five studies did
not report this information [43, 44, 51-53], while four
studies reported conflicts of interest [47-49, 54]. How-
ever, 15 studies received funding to conduct the research,
four studies did not report this information [43, 49, 52,
53], and finally two studies did not receive funding [19,
54]. Detailed quality assessment, reported item by item, is
described in Supplementary Table 4. Inter-rater reliability
was assessed and the discrepancy between the two review-
ers was approximately 5%. Disagreements were resolved
by discussion, and final agreement was reached for all
included studies.
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Table 2 (continued)

18

@ A cL - = Meta-analysis: MedDiet adherence and all type
g, 5258 82 & = _ |4 :
258 G52 sEFifsgz|f ofdementa
2os $0& 22558802
2973 525 2 % Z& 88 8§23 As one study reported results separately for males and
=} = o = 27 BN 9]
g :"é 2 % % 5 S fg’ § g g E] ig’ 5|2 z females [38], and one study reported data separately for
258 % o :SE 2L20 Z9ER|E 2 the two included cohorts [40], they were considered to be
=8 . h EEL 2 S5 o0& . . . .
g _té %o £ £ é :g 2 Z % g % § L;, 2 independent studies. Finally, one study did not report quan-
2| g i < $ g g i o5 = é“ B E= -g S E titative data [37], and another reported data using the beta
2 @ " s 9 ) . . . . . .
el =35 g E S 2 ﬁ_‘é S58% T2 3 gﬂﬁ coefficient [35] (which is not statistically comparable with
b7 =2 o == =9 - o -~ 4 >3 . .
,_% % % ég % § g g % q:)bc% '% % 8 s g g % all other risk estimates collected), and for these reasons they
< | O O O O (59) 3§ were excluded from the meta-analysis. Therefore, a total of
< g 21 data sets were included in the main analysis.
S = . . .

- : E Considering all 21 data sets and using the random effect
0|8 < 5 S B z model, the pooled OR was 0.89 [(95% CI=0.84-0.94);
] d = =} .. .
s| 9 2 ? A 5 2 p-value <0.001] based on 65,955 participants (Fig. 2a)
=N ;: o s @ 5 8 § with moderate statistical heterogeneity (df =20, P=69.94,
1(: 2 & S % T o E p-value <0.001). Potential publication bias was identified
3 v ~ . .

Py é g' - g § by visual assessment of the funnel plot (Fig. 2b) and con-
ol S S T (-\;Q'é “ § i = firmed by Egger’s linear regression test (intercept —1.08,
B = =) S @ = . .
g s % c”> T c”> 3 o3 p-value =0.013). After applying the trim and fill method,
% % % Qﬂ &% , % :g the estimated effect sizes were not significantly different
_ _ g S from the main result. Given that one study estimated the
§ § E g adherence to the MedDiet using two different scores [45],
o it é} = and given the heterogeneity of the MedDiet scoring systems
[Sa) ~ = . . . . .
s N x & used in all included studies, and to improve the consistency
S o . .
< I iy T 2 and comparability between studies, we decided to perform
& 23 53 =3 p y p
A o3 s Rog-v .. . . .
" S S o A& an additional ana1y51s’alternat1vely pooling the two scores.
3 ) ) S '§ T However, the results did not change. The results for both the
% § % E’ e g fixed and random effect models are shown in Table 3.
I I [ T B g
3= = = 4 <3 "y
B E Sensitivity analyses
= O
=}
2
5 3 Sensitivity analyses were performed based on the type of
& & 2 g g dementia. In particular, the pooled effect size for the risk
o, H A By 3 - § of dementia, including only unspecified dementia and mild
< | & = 2 Al £ E cognitive impairment, was calculated based on 17 studies.
‘550 & Using the random effect model, the pooled OR was 0.93
i OED fn o § g [(95% CI=0.88-0.98); p-value =0.005] based on 59,571
g g £ £ Y participants with moderate statistical heterogeneity (df =16,
% é @ @ 2 E‘ é I>=53.56, p-value =0.005). Similar results were found
z| 8 8 8 j;% % T S using the fixed effect model. Potential publication bias was
{“:é § g £ ;E g < identified by visual assessment of the funnel plot and con-
g g _ g _ g _ g kS E a firmed by Egger’s linear regression test (intercept —0.72,
| %S S & S & = £ - E p-value=0.078). After applying the trim and fill method,
A g2 g2 5 § ER the estimated effect size of the fixed effect was not signifi-
= = = = ] B . - . :
§ E S E S § S ‘25 = i:’ £ cantly different from the main result, while the estimated
- S g effect size of the random effect was not statistically signifi-
3z cant (Table 3). Again, an alternative analysis was performed
§ § 2 g S E using the two MedDiet scores calculated by Hosking et al.
5| & 5] 5] : £ E [45], but the results did not change.
o 3 3 9 ‘o cie e . . o
2| g g g 3 E § A sensitivity analysis focusing only on unspecified
£ g g g £ <4g dementia (excluding Alzheimer’s disease and mild cognitive
¢ = < . . . . .
213 & & & 9: g impairment) was performed. In this analysis, 13 studies were
Springer
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Table 3 Summary statistics of the main, sensitivity and subgroup analyses

Summary statistics

Publication bias

Studies included
[Ref.]

Analysis

No. of participants

df

ES (95% CI); I2; p-value

p-value

Intercept’; p-value Estimated® ES;
p-value

All type of dementia: including unspecified dementia, Alzheimer disease and mild cognitive impairment

All type of [19, 35, 36, 38-54] 65,955
dementia®

All type of [19, 35, 36, 38-54] 65,955
dementia®

All type of [36, 38, 41, 48, 10,029
dementia cross- 51, 54]
sectional

All type of [19, 39, 40, 42-50, 55,205
dementia cohort 52, 53]
studies

20

20

14

OR"=0.96 (0.95- 69.55;<0.001
0.97);<0.001

OR”=0.89 (0.84—
0.94); <0.001

OR"=0.96 (0.95- 69.94;<0.001
0.97); <0.001

OR”=0.89 (0.84—
0.95);<0.001

OR*=0.92 (0.88— 52.25; 0.050
0.96); <0.001

OR”=0.91 (0.82-
1.00); 0.055

HR"=0.97 (0.96- 89.70;<0.001
0.99); 0.001

HR”=0.84 (0.76—
0.94); 0.002

Dementia: including diagnosis of unspecified Dementia and/or mild cognitive impairment

Dementia® [36, 38-42, 44-46, 59,571
48-50, 52, 54]

Dementia® [19, 36, 3842, 59,571
44-46, 48-50),
52, 54]

Dementia cross
sectional

[36, 38,41, 48, 54] 8045

Dementia cohort  [19, 39, 40, 42, 50,805
studies 44-46, 48-50,
52]

Dementia: only including diagnosis of unspecified Dementia

Dementia [19, 36, 3841, 44, 55,092

46, 48, 49]

Dementia cross
sectional

[36, 38,41, 44, 48] 14,319

16

16

11

12

OR"=0.96 (0.95- 53.56, 0.005
0.98); <0.001

OR”=0.93 (0.88—
0.98); 0.005

OR"=0.96 (0.95- 54.62; 0.004
0.98); <0.001

OR”=0.93 (0.89-
0.98); 0.009

OR"=0.92 (0.88— 0.00; 0.903
0.97);<0.001

OR”=0.92 (0.88-
0.97);<0.001

HR"=0.98 (0.97- 63.07; 0.002
1.00); 0.025

HR”=0.94 (0.87-
1.01); 0.083

OR”"=0.96 (0.95- 59.86; 0.003
0.98); <0.001

OR”=0.94 (0.88-
0.99); 0.021

OR7"=0.92 (0.88— 0.00; 0.797
0.97);<0.001

OR”=0.92 (0.88-
0.97);<0.001

—1.19; 0.005 OR"=0.97 (0.95-

0.98); <0.001

OR”=0.95
(0.89-1.02);
0.145

OR*=0.97 (0.95-
0.98); <0.001

OR”=0.92
(0.86-0.99);
0.019

—0.78; 0.394 n.a.

—1.08; 0.013

—1.76; 0.053 HR”*=0.99
(0.97-1.00);
0.039

HR”=0.85
(0.76-0.95);
0.003

-0.72; 0.078 OR"=0.97 (0.96-

0.98); <0.001

OR”=0.96
(0.91-1.02);
0.196

OR"=0.97 (0.96—
0.98); <0.001

OR”=0.94
(0.89-0.99);
0.024

0.21; 0.631 n.a.

—-0.58; 0.170

—-0.86; 0.113 HR”*=0.99
(0.98-1.00);
0.025

HR”=1.00
(0.92-1.08);
0.912

—-0.62; 0.239 OR"=0.97 (0.95-

0.98); <0.001

OR”=0.94
(0.88-0.99);
0.021

0.41; 0.379 n.a.

@ Springer
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Table 3 (continued)

Summary statistics

Publication bias

Analysis Studies included No. of participants df ES (95% CI); I%; p-value Intercept’; p-value Estimated® ES;
[Ref.] p-value p-value
Dementia cohort  [19, 39, 40, 42, 46, 41,285 7 OR"=0.99 (0.97- 70.74;0.001 —0.91;0.273 OR"=0.99 (0.98-
studies 48, 49] 1.00); =0.033 1.00);=0.033
OR”=0.95 (0.88- OR”=0.99
1.03);=0.196 (0.91-1.09);
0.900
Only including diagnosis of Alzheimer’s disease
Overall Alzhei-  [41-43, 47, 49, 38,292 7 ORM=0.81(0.75- 63.85;0.007 —1.88;0.055 OR"=0.83 (0.77—
mer's disease 51-53] 0.87);<0.001 0.89);<0.001
OR”=0.73 (0.62— OR”=0.76
0.85);<0.001 (0.63-0.90);
0.002
Alzheimer’s [42, 43,47, 49, 34,300 5 HR"=0.79 (0.75- 91.78;<0.001 —1.57;0.629 HR"=0.80 (0.76—
disease (cohort 52, 53] 0.84);<0.001 0.85);<0.001
studies) HR”=0.73 (0.58— HR”=0.82
0.93); 0.010 (0.66-1.02);
0.075
Only including diagnosis of mild cognitive impairment
Mild cognitive [41, 52, 54] 2996 2 OR"N=0091(0.83— 35.49;0212 -2.72;0.259 OR"=0.96 (0.89—
impairement 0.99);=0.028 1.03);=0.276
(all) OR”=0.89 (0.79— OR”=0.96
1.01); 0.063 (0.85-01.09);
0.525
Mediterranean [19, 36, 39, 46, 6879 5 ORM=0.96(0.95- 3191;0.196 —0.86:0.171 OR"=0.97 (0.96—
area 48, 54] 0.98);<0.001 0.98);<0.001
OR”=0.95 (0.91- OR”=0.97
0.99); 0.021 (0.92-1.01);
0.142
Validated expo-  [19, 35, 36, 3841, 37,930 19 OR"=0.96 (0.95- 71.07;<0.001 —1.24;0.005 OR"=0.97 (0.95-
sure 43-54] 0.97);<0.001 0.98);<0.001
OR”=0.89 (0.83- OR”=0.95
0.94); <0.001 (0.89-1.02);
0.126

“Estimated using the trim and fill analysis

"Hosking et al. assessed adherence to the Mediterranean diet using two different scores, therefore, in this analysis effect size using Trichopou-

lou’s score was used

“Hosking et al. assessed adherence to the Mediterranean diet using two different scores, therefore, in this analysis effect size using Panagiotakos’

score was used

’Calculated using Egger’s linear regression test, “ixed effects model;” random effects model

CI confident interval, df degree of freedom, ES effect size, n.a. not applicable, OR odds ratio, HR hazard ratio

included and using the random effects model, the pooled OR
was 0.94 [(95% CI=0.88-0.99); p-value =0.005] based on
59,571 participants, with moderate statistical heterogeneity
(df=12, I>=59.86, p-value =0.003). Similar results were
found using the fixed effects model. No potential publication
bias was detected by visual assessment of the funnel plot and
confirmed by Egger’s linear regression test (intercept —0.62,
p-value =0.239) (Table 3).

A sensitivity analysis focusing on Alzheimer’ disease
only was performed. In this analysis, eight studies were
included and using the random effects model, the pooled

@ Springer

OR was 0.73 [(95% CI=0.62-0.85); p-value < 0.001] based
on 38,292 participants, with moderate statistical heterogene-
ity (df =7, >=63.85, p-value=0.007). Similar results were
found using the fixed effects model. Potential publication
bias was detected by visual assessment of the funnel plot and
confirmed by Egger’s linear regression test (intercept —1.88,
p-value=0.055) (Table 3). After applying the trim and fill
method, the estimated effect sizes for both fixed and random
effects remain relatively consistent (Table 3).

A sensitivity analysis focusing on mild cognitive impair-
ment only was performed. In this analysis, only three studies
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d

{ Identification of studies via bases and regi s

{ Identification of studies via other methods

)

= . - .
.—2 R%?t;tlijsagieesntm ed from Records removed before

& - PubM ed/MEDLINE (n = 257) o I ’ 4
= - Scapus (n = 425) uplicate records remove:
b (n=231)

Records identified from:
Citation searching (n=0
Experts' consultation (n = 0)

_ }

Records excluded (n =420)
- Different language (n = 18)
- Animal based (n = 2)

- Not articles (n = 23)

l - Different topics (n = 376)

Records screened
(n=451)

Reports sought for retrieval Reports not retrieved

\

Reports sought for retrieval Reports not retrieved

(n=0)

\d

\4

Reports excluded (n = 0)

[

Fig. 1 PRISMA flow diagram showing the selection process

were included and using the random effect model, the pooled
OR was 0.89 [(95% CI=0.79-1.01); p-value =0.063] based
on 2996 participants, with low statistical heterogeneity
(df=2, 2=35.49, p-value=0.212). A statistically signifi-
cant result was found using the fixed effects model. Potential
publication bias was identified by visual assessment of the
funnel plot and confirmed by Egger’s linear regression test
(intercept —2.72, p-value=0.259). After applying the trim
and fill method, the estimated effect size for both the fixed
and random effects was no longer statistically significant
(Table 3).

A sensitivity analysis based on methodological qual-
ity was not performed as all included studies were of high
quality. Finally, studies based on the same population
were excluded to avoid potential overlapping effects. In
this analysis, only three studies were included and using
the random effects model, the pooled OR was 0.89 [(95%
CI=0.82-0.97); p-value=0.005] based on 58,813 par-
ticipants, with moderate statistical heterogeneity (df =15,
I*=62.80, p-value <0.001). Similar results were found
using the fixed effects model. Potential publication bias was
identified by visual assessment of the funnel plot and con-
firmed by Egger’s linear regression test (intercept —0.93,
p-value=0.126). After applying the trim and fill method,

= (n=32) (n=0) (n=0)
£
@
3
: ] ]
7]
Reports assessed for eligibility _ Reports assessed for eligibility
(n=32) > (n=0)
Reports excluded (n=11):
- Different outcome (n=2)
- Different exposure (n=3)
- Different age group (n = B6)
v
—
o .
g Studies included (n=21)
3 Systematic review (n = 21)
= Meta-analysis (n = 20)

the estimated effect sizes remain similar for both fixed and
random effects (Table 3).

Subgroup analyses

A subgroup analysis by study design was performed for the
main analysis (all types of dementia) and for each type of
dementia. In particular, considering cross-sectional stud-
ies focusing on all types of dementia, seven studies were
included and using the random effect model, the pooled OR
was 0.91 [(95% CI=0.82-1.00); p-value =0.055] based on
10,029 participants, with moderate statistical heterogeneity
(df=7, P=52.25, p-value =0.050). More statistically sig-
nificant results were found using the fixed effects model. No
potential publication bias was identified by visual assess-
ment of the funnel plot and confirmed by Egger’s linear
regression test (intercept —0.78, p-value =0.394) (Table).
Focusing on cohort studies, 15 studies were included and
using the random effect model, the pooled HR was 0.84
[(95% CI1=0.76-0.94); p-value =0.002] based on 55,205
participants, with high statistical heterogeneity (df =14,
I?=89.70, p-value < 0.001). After applying the trim and fill
method, the estimated effect size for both fixed and random
effects did not change (Table 3).
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Subgroup analyses by study design for dementia, unspeci-
fied dementia, Alzheimer’s disease and MCI are reported in
Table 3. Subgroup analysis by geographical area was per-
formed by grouping countries in the Mediterranean area.
In this case, six studies were included and the pooled OR
was 0.95 [(95% CI=0.91-0.99); p-value <0.001] based on
6879 participants, with low statistical heterogeneity (df =5,
F=31091, p-value =0.196). Potential publication bias was
identified by visual assessment of the funnel plot and con-
firmed by Egger’s linear regression test (intercept —0.86,
p-value=0.171). After applying the trim and fill method,
the estimated effect size for both fixed and random effects
did not change (Table 3).

Subgroup analysis by sex was not possible because less
than three studies reported data for sex separately. Finally,
as all the studies used validated tools to diagnose dementia,
only a sensitivity analysis based on studies that used vali-
dated tools to assess diet was performed. In this case, 20
studies were included and the pooled OR was 0.89 [(95%
CI=0.83-0.94); p-value <0.001] based on 37,930 par-
ticipants, with moderate statistical heterogeneity (df =19,
P=171.07, p-value < 0.001). After applying the trim and fill
method, the estimated effect size of the fixed effect was not
significantly different, while the estimated effect size of the
random effect was not statistically significant (Table 3).

Discussion

In this systematic review and meta-analysis, we assessed the
association between the highest level of adherence to the
MedDiet and the likelihood of developing dementia. The
main results suggest that the highest adherence to the Med-
Diet is associated with an approximate 11% reduction in the
likelihood of developing dementia in a population of 65,955
older adults. Despite the apparently small protective effect,
it should be borne in mind that dementia is a frequently
diagnosed disease, especially in the elderly. Furthermore,
dementia has a high burden in terms of cost of care and
quality of life. Furthermore, it is important to consider that
the world's population is undergoing a progressive aging
process, wherein the elderly constitute a significant pro-
portion of the population. Therefore, even though the esti-
mated effect size may be relatively modest, this applies to a
rather large segment of the population, possibly on the rise.
Additionally, it is crucial to bear in mind that the estimated
effect in this meta-analysis is attributable solely to adherence
to the MedDiet. This implies that by improving one's diet
alone, the risk of developing dementia could be significantly
reduced. Greater results could be achieved by implement-
ing multiple healthy lifestyle choices [55]. Lastly, it should
not be underestimated that this effect is linked to a primary
prevention effect, the cost of which is negligible, especially

when considering the high burden of dementia. Our results
can be considered reliable insofar as we took into account
several methodological aspects. First, we used both fixed
effects and random effects models, the latter of which are
recommended in the case of high to moderate statistical het-
erogeneity; however, the results did not change significantly.
Secondly, given the heterogeneity of the MedDiet scores
used in the original studies, we performed supplementary
analyses using the MedDiet scores as an alternative, with-
out this affecting the results. This type of analysis was per-
formed primarily to test whether the use of different scales
might affect the strength of the association. The same ration-
ale was applied in the sensitivity analysis, for which we only
considered studies that reported using a validated dietary
assessment tool. In addition, as some studies were conducted
based on the same population, only those with the largest
sample size were included, thus eliminating the potential
overlap effect. Even in this case, the results did not change
significantly, confirming the robustness of our findings. To
strengthen our results, we also estimated the risks separately
by type of dementia, looking specifically at the risk of all
types of dementia, all types of dementia without Alzheimer’s
disease, dementia without Alzheimer’s disease and MCI,
Alzheimer’s disease only, and MCI only. The association
was found to be stronger only when only Alzheimer’s dis-
ease was considered, with the results suggesting that higher
adherence to the MedDiet is associated with an approxi-
mately 27% lower risk of Alzheimer’s disease. On the con-
trary, the association was no longer significant when looking
at MCI alone. However, only three studies reported separate
data for MCI, so this result should be interpreted with cau-
tion. In fact, the sample size was relatively small, which
may have affected the statistical power. Moreover, to assess
the risk of prevalent and incident dementia separately, sub-
group analyses were performed using only cross-sectional or
cohort studies, respectively. When only cross-sectional stud-
ies were considered, the results remained relatively consist-
ent for each of the type of dementia considered. Conversely,
when only cohort studies were included, the association
was borderline significant. This could be explained by the
smaller sample size or by an inherent methodological weak-
ness of cohort studies. In fact, longitudinal studies may be
prone to selection bias, especially in the elderly population,
who may be lost to follow-up for various reasons, including
death. Moreover, specifically for dementia, it can be diffi-
cult or less accurate to assess exposure using questionnaires,
thus affecting the certainty of results. From this perspec-
tive, case—control studies could also be a valid instrument
for assessing the association between MedDiet and demen-
tia, also considering that only one case—control study was
retrieved and included in the current meta-analysis. Further-
more, dietary intake, by definition, is characterized by intrin-
sic methodological challenges. Dietary intake is measured
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and then quantified using self-reported data (questionnaires,
diaries or 24-h recalls) which may be subject to recall bias,
social desirability bias and even misreporting or misclassi-
fication. Moreover, dietary habits are culturally specific and
assessing adherence to the MedDiet even in non-Mediter-
ranean countries can be more complicated because certain
Mediterranean foods are consumed less frequently or not at
all, or, conversely, others may be consumed more frequently
but not considered in the MedDiet scores, thus altering die-
tary intake. Moreover, due to the generally low adherence to
the MedDiet, especially in non-Mediterranean countries, dif-
ferences between groups can be more difficult to define, and
the possible association between exposure and outcome(s)
can be blurred. Therefore, we performed a subgroup analysis
that only included studies conducted in the Mediterranean
area. In this case, higher adherence to the MedDiet was asso-
ciated with a 4-5% reduced risk of all types of dementia
(considering fixed and random effects model, respectively).
This risk reduction is lower than in the main analysis and
when only Alzheimer’s disease was considered, probably
because it included only six studies with a small sample size
(n=6879 subjects).

Lastly, it was not possible to analyse the subgroups by
sex because fewer than three studies reported data for both
sexes separately. In this respect, further research is needed to
assess differences between the two sexes in elderly people.
However, a previous meta-analysis assessing the association
between MedDiet and cognitive health highlights attenu-
ated results when only women were considered [56]; which
potentially suggests that the cognitive effect of the MedDiet
differs between sexes. Moreover, despite some differences in
terms of inclusion/exclusion criteria, our results are similar
to previously published meta-analyses, which mostly involve
only cohort studies (usually with at least 1 year of follow-
up) and including adults in general (not only the elderly,
as in our case). In particular, the meta-analysis conducted
by Cao et al. included only 4 studies and the estimated risk
reduction was around 31% [RR=0.69 (95% CI 0.57-0.84)]
considering dementia or MCI [57]. The meta-analysis con-
ducted by Singh et al. found a 33% risk reduction between
the higher tertiles of MedDiet adherence and MCI or Alzhei-
mer [HR=0.67 (95% CI 0.55-0.81)], based on five studies
[58]. Wu et al. also conducted a meta-analysis assessing the
association between MedDiet and all types of dementia. This
included nine cohort studies and the estimated risk reduction
was 21% [RR=0.79 (95% CI 0.70-0.90)], with no evidence
of significant heterogeneity. However, the meta-analysis con-
ducted by Coelho-Junior et al. specifically focused on the
elderly (adults over 60). However, despite finding a signifi-
cant association between higher adherence to the MedDiet
and multiple functional and cognitive functions (such as
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walking speed, knee muscle strength, global cognition and
memory), they failed to find a significant association with all
types of dementia (seven studies), Alzheimer’s (five studies)
and MCI (three studies) [17].

Potential biological mechanisms

Cardiovascular risk factors such as hypertension, obesity
(mainly abdominal obesity), dyslipidaemia, and type 2 dia-
betes are considered to have a significant impact on the risk
of dementia [59]. These factors are indeed associated with
chronic inflammation and metabolic dysfunctions such as
insulin resistance and consequent hyperinsulinemia that
could be detrimental to the brain [60-62]. Findings from
several studies have shown that a high adherence to the
MedDiet can lead to a reduction in several biomarkers of
inflammation known to be implicated in the onset of AD,
such as pro-inflammatory cytokines interleukin-1p (IL-1p),
interleukin-6 (IL-6), and tumour necrosis factor-alfa (TNF-
a) [63-65]. The role of the MedDiet in reducing chronic
inflammation seems to be mediated by the anti-oxidant and
anti-inflammatory action of the numerous bioactive com-
pounds such as vitamins, minerals, phytochemicals, and
essential fatty acids, provided by foods typically consumed
as part of this dietary pattern [66]. In addition, the lower
energy density of the MedDiet, as compared to western
dietary pattern, improves weight management and helps to
reduce adipose tissue (especially abdominal fat) leading to
a decrease in the production of pro-inflammatory cytokines,
improved insulin-resistance and hyperinsulinemia, and
improvements in other parameters such as hypertension and
fasting glucose levels [67].

Moreover, there are other possible factors that could
explain the positive effect of the MedDiet in preventing cog-
nitive disorders. In particular, the MedDiet seems to help
regulate the structure and function of the gut microbiota
[68]. Dysbiotic gut microbiota are believed to play a role in
the pathogenesis of cognitive decline, and in particular in
AD, leading to synaptic dysfunction and neuroinflammation
[69]. The MedDiet, in which is rich in fibre, plant protein
and healthy fats (mainly from seafood, nuts and olive oil),
along with a limited amount of saturated fat, animal protein
and refined sugar, has been shown to have a positive impact
on microbiota composition by increasing the bacteria that
produce short-chain fatty acids, which are metabolites with
anti-inflammatory effect [68]. Moreover, higher adherence
to MedDiet has been associated with higher biodiversity
of microbiota, which in turn seems to be associated with a
regulation of cognitive functions [70]. In addition, a state of
eubiosis has been shown to help reduce endothelial dysfunc-
tion, which is another known risk factor of cognitive [71].
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Implications for policy, practice and future research

Our data show an 11% reduction in the risk of all types of
dementia and a 27% reduction in the risk of Alzheimer’s
disease in people who follow the MedDiet. However, mod-
erate heterogeneity was observed in the main analysis and
in almost all sensitivity and subgroup analyses. Further-
more, when only cohort studies were considered individu-
ally, the statistical significance was found to be borderline
or no longer significant. One interpretation of this finding
could be that diet, and in particular stronger adherence
to the Mediterranean diet, may have a greater protective
effect against Alzheimer’s disease than against dementia
in general. Although the underlying pathophysiological
mechanisms of the protective role of the MedDiet against
dementia are not clear, some studies found a significant
correlation between increased adherence to the MedDiet
and lower Alzheimer’s disease biomarker burden. Specifi-
cally, Hill et al. found that higher adherence to the Med-
Diet was associated with a lower deposition [0.11 (95% CI
0.04-0.17)] of beta-amyloid (Ap), a key protein in the Alz-
heimer disease pathogenesis [72]. Furthermore, in another
study, adherence to a MedDiet was found to be inversely
correlated with brain positron emission tomography (PET)
for both beta-amyloid plaques and tau tangles, meaning
that higher adherence to the MedDiet is associated not
only with lower deposition of beta-amyloid, but also with
lower protein tau accumulation [73]. Consequently, higher
adherence to the MedDiet could have a preventive impact
on both the main pathogenetic pathways of Alzheimer's
disease.

It is also important to bear in mind that our study popula-
tion is made up of individuals over the age of 60. In such
individuals, it is conceivable that the effects of recently
adopted dietary habits may have less influence on health
outcomes such as dementia (which require long-term expo-
sure), as compared with dietary habits followed through-
out their lifetime. However, the over-60s are the population
most affected by dementia. It is, therefore, very important
to consider diet as a potential exposure factor that can mod-
ify the risk of this disease, both in terms of prevention and
healthcare policies, especially considering that there is still
no direct treatment for dementia. Moreover, it should also
consider that adherence to MedDiet is decreasing overtime,
with the exception registered during COVID-19 pandemic
[74]. These data prompt reflections in terms of public health.
Specifically, if spending more time at home during the
COVID-19 pandemic has led to increased adherence to the
MedDiet [74], public health strategies should focus not only
on greater nutrition education closely tied to the character-
istics of the MedDiet itself [75, 76]; but also, on promot-
ing policies that facilitate adherence to the MedDiet in all
settings. In this regard, much is being done to facilitate the

availability of healthy food options for consumption during
meals outside the home [77]. However, more should be done
to promote culinary skills that enable individuals to prepare
healthy dishes [78, 79], as well as invest time in their prepa-
ration, possibly facilitating the sharing of these moments
with friends and family (conviviality). These are essential
elements of the MedDiet that, although supported by scien-
tific knowledge, are not yet effectively integrated into health
policies and campaigns for promoting and educating about
nutrition and health. This applies to both the general popula-
tion and specific target groups, as well as professionals in the
food and health sector.

Like many other lifestyle recommendations, adopting a
Mediterranean diet confers many additional health benefits,
such as the positive effects on mental health, as well the
associated reduced incidence of cardiovascular diseases and
diabetes [80-86]. This means that the decision to imple-
ment health policies aimed at promoting this type of diet
can be advantageous in the long term as it has positive reper-
cussions on numerous health outcomes of public interest.
Efforts should not only be directed towards changing the
population's eating habits; the promotion of a healthy life-
style must also be supported by much broader policies to
make healthy choices easier. For example, adopting an effec-
tive food nutrition labelling system could help consumers
make healthier food choices. Furthermore, the MedDiet has
been shown to be a sustainable and cost-effective way of
reducing the risk of many health conditions [87].

Lastly, starting from our results, future studies need to
more deeply explore the underlying biological mechanisms
through which the MedDiet may influence dementia, and
therefore comparing the effectiveness of the MedDiet with
other dietary patterns in reducing the risk of dementia. As
well as, investigate the potential synergistic effects of com-
bining adherence to the MedDiet with other healthy lifestyle
factors, such as physical activity, mental stimulation, and
social engagement still remain an important aspect to be
further assessed in future. Lastly, scientific collaboration
across countries might contribute in definition of a glob-
ally recognised method for assessing MedDiet adherence.
This could reduce the high heterogeneity found regarding
MedDiet scores and methods, improve comparisons among
different regions, and foster scientific collaborations.

Limitations and strengths

Our results should be interpreted with caution because they
do involve some limitations: firstly, this is a secondary analy-
sis (review of original studies) and, therefore, it is automati-
cally influenced by the limitations of each of the included
studies, such as potential selection bias or bias in exposure
or outcome assessment. These limitations include the fact
that dietary intake was self-reported, with potentially risk
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of recall or social desirability bias, and that several types of
MedDiet scores were used. There was also high heterogene-
ity, probably because of the different types of scores used,
or because of the different type of potential confounders
considered in each included study; a third limitation is that
most of the included studies were cross-sectional, in which
causality might not be assessed by definition.

Nonetheless, the current systematic review has certain
strengths: first, we followed the PRISMA guidelines which
allow us to use a comprehensive approach both for conduct
and reporting; we also consulted three different databases in
order to retrieve all eligible studies (more than the minimum
required by guidelines). We conducted multiple sensitivity
and subgroup analyses to assess the association between
several types of dementia, as well as the study design, geo-
graphical area, or MedDiet score used. In contrast with
previous meta-analysis, we did not exclude cross-sectional
studies, which are a valuable study design especially when
cohort studies are difficult to perform. As mentioned before,
longitudinal studies among the elderly might be biased
because of the potentially high number of lost to follow-up.
Moreover, even if in cross-sectional studies exposure and
outcome are measured at the same time-point, it is chal-
lenging to consider that a higher adherence to MedDiet has
occurred due to dementia.

Conclusions

In conclusion, the present study assessed the association
between adherence to the Mediterranean diet and all types
of dementia (stratifying the results by type of diagnosis) in
the elderly population aged over 60 years. There is a pro-
tective effect of the Mediterranean diet when all types of
dementia are considered together and when only Alzhei-
mer's disease is considered individually. Specifically, there
is an 11% reduction in the risk of all types of dementia and
a 27% reduction if only Alzheimer's disease is considered.
Given the moderate heterogeneity observed and the limita-
tions mentioned above, these results should be interpreted
with caution. However, even if the risk reduction is mini-
mal, especially when all types of dementia are considered,
it is true that it affects a relatively large number of people,
especially the elderly. Therefore, even a small percentage
reduction would represent a significant number of people
who could potentially prevent dementia just by increasing
their adherence to the Mediterranean diet. Consequently, our
results confirm the importance of promoting adherence to
the Mediterranean diet in order to improve cognitive health
in aging populations.
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