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Dietary patterns in middle age: effects on concurrent
neurocognition and risk of age-related cognitive decline

Sarah Gauci , Lauren M. Young , Lizanne Arnoldy , Annie-Claude Lassemillante ,
Andrew Scholey , and Andrew Pipingas

Context: Diet plays a critical role in cognitive integrity and decline in older adults.
However, little is known about the relationship between diet and cognitive integrity
in middle age. Objective: To investigate the relationship between dietary patterns
in healthy middle-aged adults and neurocognition both in middle age and later in
life. Data Sources: Using the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines, the following electronic databases were
searched: Web of Science, Scopus, PubMed, and PsychInfo. Data Extraction: Data
from eligible articles was extracted by 2 reviewers. Data Analysis: Articles included
in the systematic review were synthesized (based on the synthesis without meta-
analysis reporting guidelines) and assessed for quality (using the Joanna Briggs
Institute checklist for randomized controlled trials, cohort studies, and cross-
sectional studies) by 2 reviewers. Results: Of 1558 studies identified, 34 met the
eligibility criteria for inclusion. These comprised 9 cross-sectional studies, 23 longitu-
dinal or prospective cohort studies, and 2 randomized controlled trials. Findings
were mixed, with some studies reporting a significant positive relationship between
adherence to various “healthy” dietary patterns and neurocognition, but others
reporting no such relationship. Conclusion: This systematic review demonstrated
that adherence to the Mediterranean diet and other healthy dietary patterns in
middle age can protect neurocognition later in life.
Systematic Review Registration: PROSPERO registration no. CRD42020153179.

INTRODUCTION

There is growing evidence suggesting that a healthy diet

can play a vital role in the maintenance of cognitive

health and in delaying cognitive decline.1–3 Healthy die-
tary patterns such as the Mediterranean diet (MedDiet),

DASH (Dietary Approaches to Stop Hypertension) diet,
and MIND (Mediterranean–DASH Intervention for
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Neurodegenerative Delay) diet have been found to be

protective of cognitive function as people age.4–8 These
dietary patterns are characterized by a high intake of

fruits, vegetables, fish, beans, and legumes, with lower
amounts of processed foods, red meat, sweets, and dis-

cretionary foods. While the dietary patterns share many
components, there is some variation, eg, only the MIND
and MedDiet specify olive oil as the main source of fat,

and the MIND diet only includes berries in the fruit con-
ponent.9 Many of the individual food components (such

as fruits, vegetables, and nuts,10 and fatty fish11,12) and
their nutrient components (such as polyphenols13 and n-

3 polyunsaturated fatty acids14) are thought to be protec-
tive of neurocognitive function in older age.

These healthy dietary patterns are no longer typical
for Western populations in countries such as Australia,

the United Kingdom, and the United States. On aver-
age, Australians are consuming less than the recom-

mended intake of fruits, vegetables, and legumes, while
eating more than the suggested servings of discretionary

foods.15,16 This is consistent with the Western-style diet,
which is characterized by a high intake of processed

foods, refined sugars, and low intakes of fruits and vege-
tables.16,17 Various studies have demonstrated that the

typical Western dietary pattern is related to poorer cog-
nitive outcomes.18–20

It is commonly acknowledged that cognitive per-
formance naturally declines with age, especially in the

domains of memory and processing speed.21,22

Performance on measures of reaction time, episodic

memory, and spatial working memory has already
started to decline in midlife.21 While cognitive decline

is a normal component of the aging trajectory, there are
great inter-individual differences, which may be due to

differences in lifestyle factors such as diet. Experiencing
exaggerated cognitive decline is a key risk factor for the

development of clinical disorders such as mild cognitive
impairment (MCI) and dementia (of which Alzheimer’s

disease is the most common form23). Unfortunately,
pharmacological interventions for these disorders have
been unsuccessful.24 Prevention strategies, involving

modifiable lifestyle factors such as diet, may be more
beneficial compared with later life interventional strate-

gies. They potentially target the risk factors for these
disorders before significant pathology has developed in

the brain. While research investigating the relationship
between diet and cognition is promising in terms of the

use of diet as a prevention strategy for cognitive decline,
most of the research to date has been conducted in ag-

ing populations, and there is a paucity of evidence from
randomized controlled trials (RCTs). The current litera-

ture suggests that prevention, or at the very least risk re-
duction, may lead to a delayed onset of cognitive

decline, and that this is a more realistic and cost-

effective target.25 In order to develop appropriate die-

tary preventative strategies or interventions to protect
against cognitive decline, it is necessary to determine

whether this relationship is present in middle age, prior
to the onset of significant pathology. The first aim of

the current review was to summarize the literature of
studies investigating the relationship between dietary
patterns in middle-aged adults and neurocognition,

both in middle and older age. The second aim was to
highlight the gaps in the literature on the relationship

between diet in midlife and neurocognitive function.

METHOD

This systematic review was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and the Meta-

analyses Of Observational Studies in Epidemiology
(MOOSE) checklist that was devised for systematic
reviews with observational studies. The review was regis-

tered in the PROSPERO International Prospective
Register of Systematic Reviews (CRD42020153179).

Searches

The following databases were searched for journal
articles published until December 2020 investigating

the relationships that various dietary patterns have with
cognition: Web of Science, Scopus, PubMed, and

PsychInfo. Searches combined the following terms
“dietary patterns” or “dietary pattern” or “nutrient

pattern” or “nutrient patterns” AND “cognit*” or
“memory” or “executive function” or “reaction time” or

“neuro*” AND “elderly” or “older” or “middle age” or
“middle aged” or “midlife” or “adult” or “aged” or

“geriatric”. Further details on the search strategies is
provided in Supplemental Table 1. The bibliography of

eligible studies found through these searches was also
scanned to identify additional eligible studies.

Eligibility criteria

Following the PRISMA guidelines, a-priori inclusion

and exclusion criteria were used in accordance with the
population, intervention, comparison, and study

(PICOS) design criteria shown in Table 1. All articles
investigating dietary pattern or diet quality, regardless

of whether it was the primary outcome or not, were in-
cluded. Other inclusion criteria were: cognitively

healthy human participants (free from a reported diag-
nosis of a cognitive disorder); articles published in

English; articles reporting on at least one outcome or
measure of cognition; and mean age at baseline between

40 and 65 years. If the mean age was not reported, the
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age range of participants at baseline fell between 40–

65 years. Due to the limited number of papers in this age
range, all study types were included (notably, longitudinal

or prospective cohort studies, RCTS, and cross-sectional
studies). Papers were also included if the outcome was a

measure of brain morphology and subjective cognitive
function as an indicator of cognitive health. Papers were

excluded if they focused on single foods, single nutrients
or a partial diet (eg, low fat, low carbohydrate, low calo-

rie). Papers investigating nutrient patterns were included
in the review.

Study selection and data extraction

One investigator (S.G.) conducted the search and re-
moved duplicates. The titles and abstracts were then

screened based on inclusion and exclusion criteria using
Rayyan26 by at least 2 reviewers (S.G. and either L.M.Y.,

A.S., or L.A.). Articles then underwent full-text review
by at least 2 reviewers (S.G. and either L.M.Y. or L.A.).

Data from eligible articles were extracted by 2 reviewers
(S.G. and either L.A. or L.M.Y.). Data extracted in-

cluded: study type, country of origin, participant char-
acteristics, sample size, dietary assessment tool used,

type of dietary pattern under investigation, and neuro-
cognitive outcomes. The study cohort was also

extracted, to prevent repeated publication using the
same study participants. Publications utilizing the same

cohort were only included in the review if they investi-
gated a different dietary pattern. The mean age of par-
ticipants at baseline was recorded. If multiple mean

ages were recorded, the grand mean of these was calcu-
lated or the age range was recorded. The articles and

data included in this review were agreed upon by all
reviewers. Any discrepancies were discussed and re-

solved. If more information about an article was
needed, the authors were contacted by S.G. This process

is outlined in Figure 1.
The data extracted from eligible studies werre syn-

thesized based on the Synthesis Without Meta-analysis
reporting guideline.27 Included studies were grouped by

study type (in Tables 2–4) and dietary pattern (written
results). This was done in order to demonstrate hetero-

geneity between studies as well as to identify the dietary

patterns with the most evidence for a relationship with

various measures of cognition. For each dietary pattern,
the intervention effects were reported (this included ef-

fect sizes, Beta Coefficient [b], mean difference [MD],
odds ratios [ORs], and hazard ratios [HRs]). Vote

counting based on the direction of the effect was used
to indicate the total evidence, as a meta-analysis was not

possible (reported in Table 8). Quality appraisal was
used to evaluate the methods of the included studies,

and heterogeneity in study outcomes and dietary infor-
mation were synthesized using informal methods

(reported in the data extraction tables).
Evidence for the following dietary patterns were

reported in the results: Mediterranean diet (MedDiet; a
traditional dietary pattern typically consumed in coun-

tries surrounding the Mediterranean Sea; high in olive
oil, fish, fruit, vegetables, legumes, and nuts and low in
red meat8), DASH (which was developed to help protect

against the development of hypertension; high in fruits,
vegetables, low-fat dairy products, whole grains,

poultry, fish, and nuts28), Mediterranean–DASH
Intervention for Neurodegenerative Delay (MIND; de-

veloped by combining the neuroprotective aspects of
both the MedDiet and the DASH diet with the addition

of leafy green vegetables and berries4). Measures of diet
quality were also included: the Alternative Healthy

Eating Index (aHEI) and Healthy Eating Index (HEI
2005 and 2010) are diet quality scores based on the

Dietary Guidelines for Americans29,30; a diet screening
tool (DST);31 and the Dietary Guideline Index (DGI-

2013).32 Plant-based dietary patterns were also reported,
including the plant-based diet index (PDI), healthful

plant-based diet index (hPDI; both the PDI and hPDI
were developed based on the consumption of healthy

plant-based foods while also taking into account less
healthy plant foods33), pro-vegetarian diet (PVD),34 and

a carotenoids dietary pattern, which was derived
through posteriori methods (carotenoids are natural

pigments found in plant-based foods35). Other healthy
dietary patterns that were scored using posteriori meth-

ods were also included: the wholefood dietary pattern,36

healthy and traditional dietary patterns,37 a prudent-

style diet,38,39 an alcohol and salads pattern,40 tradi-
tional Chinese,41 a wheat-based diverse dietary pattern,

Table 1 PICOS criteria for inclusion of studies
Parameter Criterion

Participants Middle-aged adults (40–65 years)
Intervention Whole dietary pattern or diet quality
Comparison Any
Outcome Neurocognitive function, including measures of cognition, brain

morphology, and subjective cognitive function
Study design Longitudinal or prospective cohort studies, randomized con-

trolled trials, or cross-sectional studies
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a rice/pork dietary pattern,42 and the healthy food

diet.36 Finally, unhealthy dietary patterns were also
reported, including the dietary inflammatory index,43

Western and other unhealthy dietary patterns extracted
through statistical methods (Western-style diet,38,39 the

convenience pattern, the Southern pattern, the sweets
and fats pattern,40 the protein-rich and starch-rich die-

tary pattern,41 the processed food pattern,36 and the
iron-related dietary pattern44).

Quality appraisal

All included articles were assessed for quality using the
Joanna Briggs Institute checklist for RCTs, cohort stud-

ies, and cross-sectional studies by both S.G. and
L.M.Y.45–47 These tools were used to appraise the meth-

odologies used and to identify and inform the interpre-
tation and synthesis of the results and methodological

issues for that need to be addressed in future research.
Cross-sectional studies were appraised based on

whether there were defined inclusion/exclusion criteria,
participant descriptions, the exposure and outcomes

were measured in a valid and reliable way, and the

appropriate statistical technique was used. The cohort

studies were also appraised based on whether the expo-
sure and outcome were measured in a valid and reliable

way, confounding factors were accounted for, the out-
come was assessed at baseline, there were sufficient fol-

low-up times (and strategies to address incomplete
follow-up time data), and appropriate states were com-

pleted. The RCTs were appraised based on randomiza-
tion and blinding procedures, whether follow-up was

complete and outcome assessment was reliable.

RESULTS

Included studies

The initial database searches yielded 1558 records, and

an additional 11 articles were identified through other
sources, see Fig. 1. After duplicates were removed, the

titles and abstracts of 930 articles were screened and
assessed for eligibility. There were 96 articles reviewed in

full text, resulting in 34 studies being included in the qual-
itative synthesis. In summary, there were 9 cross-sectional

studies included (Table 2), 28–31,36,48–56 23 longitudinal or

Figure 1 PRISMA diagram depicting the selection process for articles included in this systematic review .
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prospective cohort studies (Table 3), 4,28,32–35,37–44,51,57–74

and 2 RCTs (Table 4). 75,76 Some studies included in the
review utilized the same study sample populations

(SU.VI.MAX¼ 4, CHNS¼ 3, PATH¼ 2, Whitehall
II¼ 2). The results of the data extraction are summarized

in Tables 2 to 4, respectively.

Quality appraisal

The results of the quality appraisal are displayed in

Tables 5 to 7. 35–44,48–50,52–70,75,76 For the cross-sectional
studies, most meet the criteria for quality appraisal.

Four studies did not define their inclusion and exclu-
sion criteria,36,49,52,56 and only 1 study did not provide a

detailed description of included participants.53

For the longitudinal and prospective cohort studies,

20 studies recruited only 1 cohort group,35,37–40,42–44,57–60,

62–64,66–70 therefore assessing whether the participant

groups were similar and recruited from the same popula-
tion was not applicable for those studies. Sixteen studies

did not measure the exposure (dietary patterns) at follow-
up as well as baseline.35,37–43,57,58,61,63,64,67–69 The outcome

was also not measured at both time points for 13 stud-
ies.29,31,33,37,39,44,46,47,50,51,54,56,60 Twelve studies failed to re-

port reasons that follow-up was not completed,35,37,39–

44,57,66,68 and another 15 studies did not use any strategies

to account for incomplete follow-up.38,40–42,44,58–64,66,68,69

For the RCTs, the quality appraisal demonstrated a couple

of methodological issues. First, for both RCTs, the partici-
pants were not blind to the treatment, the researchers de-

livering the treatment were also not blinded, and finally it
was not clear whether the outcome assessors were blind to

the treatments.75,76Many of the methodological issues
highlighted in the quality appraisal are present across a

large number of cohort studies, but due to the limited
number of studies included in the systematic review, these

studies were still included in the data synthesis. The meth-
odological issues should be addressed in future research

and taken into consideration when interpreting the
results.

Scoring of dietary studies

There were 2 main differences in the techniques used
for scoring dietary patterns. Twenty-three studies uti-

lized a priori scoring methods,43,49,52,53,55–58,60–62,64,66–

70,75,76 which account for predefined nutritional factors

that are scored into dietary quality indices (refer to
Tables 2–5 for details on the methods). Eight utilized

posteriori35–41,54 scoring methods, which, rather than
focusing on specific nutritional factors, instead used sta-

tistical methods to investigate correlations among
reported food components to provide information re-

garding global dietary behavior (refer to Tables 5–7 for

details on statistical methods). Two studies utilized both

a priori and posteriori techniques.42,63 A summary of
the studies that support or refute an association be-

tween diet and neurocognitive function is presented in
Table 8.

Mediterranean diet. Three of the 9 cross-sectional stud-
ies investigated the MedDiet, with contrasting find-

ings.52,53,56 Brouwer-Brolsma et al (2018) found that,
after adjusting for covariates, adherence to the MedDiet

was not significantly related to semantic memory or
processing speed (b¼ 0.022 6 0.053, P¼ 0.68;

b¼�0.003 6 0.097, P¼ 0.98). However, an inverse re-
lationship between a measure of everyday memory and

adherence to the MedDiet was detected
(b¼�0.107 6 0.046, P¼ 0.02), indicating that in-

creased adherence to a MedDiet was associated with
poorer memory.56 After further analysis of the individ-

ual food groups, the authors found that this relationship
may be driven by the relatively high monounsaturated-

to-saturated fatty acids ratio, which was inversely re-
lated to cognition. Ye et al (2013) found that higher ad-

herence to the MedDiet was related to better global
cognitive function (b¼ 0.14, SE¼ 0.05, P¼ 0.012) but

was not related to executive function (b¼ 0.01,
SE¼ 0.02, P¼ 0.52), memory (b ¼ 0.02, SE¼ 0.02,

P¼ 0.39), and attention (b ¼ 0.03, SE¼ 0.02,
P¼ 0.067).53 Crichton et al (2013) failed to find any re-

lationship between MedDiet and self-reported cognitive
function (P> 0.30).52

An additional 11 longitudinal studies investigated
the effect of a MedDiet on cognitive perfor-

mance.42,57–59,61,64,65,67–70 A number of these found
that MedDiet during midlife was related to neurocog-

nitive outcomes later in life.58,59,61,68,69 Specifically,
higher adherence to the MedDiet was found to be sig-

nificantly related to better global cognition approxi-
mately 13 years later (Pyramid score:

b 6 SE¼�0.012 6 0.002; P< 0.001, Mediterranean
Diet Adherence Screener (MEDAS):
b 6 SE¼�0.004 6 0.002; P¼ 0.019, MEDAS continu-

ous: b 6 SE¼�0.005 6 0.002; P¼ 0.008)68 and to
greater odds of healthy cognitive aging in women

15 years later (OR 0.97, 95% CI [0.95, 1.00],
P¼ 0.02).58 Another study found that those in the

highest tertile of adherence to the MedDiet also had a
33% reduction in the risk of cognitive impairment as

measured by the Mini-Mental State Examination
(MMSE) almost 20 years later, compared with those in

the lowest tertile (OR 0.67, 95% CI [0.59, 0.77], P
trend< 0.001).69 For each standard deviation increase

in adherence to the MedDiet, there was a 16% reduc-
tion in the risk of cognitive deficit (OR 0.84, 95% CI

[0.80, 0.88]).69 For specific cognitive domains, the
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MedDiet was found to be related to better verbal epi-
sodic memory for one measure of the MedDiet

(Pyramid score: b 6 SE¼�0.009 6 0.002; P< 0.001,
MEDAS: b 6 SE¼�0.003 6 0.002; P¼ 139, MEDAS

continuous: b 6 SE¼�0.004 6 0.002; P¼ 0.052), sim-
ple processing speed (Pyramid score:

b 6 SE¼�0.002 6 0.001; P¼ 0.013, MEDAS:
b 6 SE¼�0.001 6 0.001; P¼ 0.423, MEDAS continu-

ous: b 6 SE¼�0.001 6 0.001; P¼ 0.079).68 Greater
adherence to the MedDiet was found to be signifi-

cantly related to memory function 2 years later in
individuals free from diabetes (b ¼ 0.047, SE¼ 0.020,

P¼ 0.016); however, it was not significantly related to
global cognitive function or executive function

(P> 0.05).65

In addition, the MedDiet was associated with re-

duced levels of neuroimaging markers associated with
Alzheimer’s disease at baseline and after a follow-up of

2 years (P< 0.001).61 Greater adherence to the MedDiet
in a large male cohort was found to be significantly re-

lated to better subjective cognitive function 22 years
later.59 Further, compared with individuals in the lowest

adherence quartile, those in the highest adherence quar-
tile had a 36% reduction in the odds of poor self-

Table 5 Quality appraisal cross-sectional studies listed by year of publication
Article Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Akbaraly et al (2009)36 � � � NA � � � �
Crichton et al (2013)52 � � � NA � � � �
Ye et al (2013)53 � X � NA � � � �
Berti et al (2015)54 � � � NA � � � �
Wright et al (2017)55 � � � NA � � � �
Brouwer-Brolsma et al (2018)56 � � � NA � � � �
Hossain et al (2019)48 � � � NA � � � �
Estrella et al (2020)49 � � � NA � � � �
Young et al (2020)50 � � � NA � � � �

Note: Q1¼Were inclusion criteria defined? Q2¼Were detailed descriptions of participants provided? Q3¼Was exposure (diet) mea-
sured in a valid and reliable way? Q4¼Were objective, standard criteria used for measurement of the condition? Q5¼Were con-
founding factors identified? Q6¼Were there strategies to deal with the confounding factors? Q7¼Were outcomes measured in a
valid and reliable way? Q8¼Was appropriate statistical analysis used?

Table 6 Quality appraisal longitudinal and cohort studies listed by year of publication
Article Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Kesse-Guyot et al (2012)37 NA NA � � � Unsure � � � � �
Kesse-Guyot et al (2013)57 NA NA � � � Unsure � � � � �
Samieri et al (2013)58 NA NA � � � Unsure � � � � �
Kesse-Guyot et al (2014)35 NA NA � � � Unsure � � � � �
Jacka et al (2015)38 NA NA � � � � � � � � �
Qin et al (2015)42 NA NA � � � � � � � � �
Pearson et al (2016)40 NA NA � � � � � � � � �
Kesse-Guyot et al (2017)43 NA NA � � � Unsure � � � � �
Bhushan et al (2017)59 NA NA � � � Unsure � � � � �
Akbaraly et al (2018)60 NA NA � � � � � � Unsure � �
Berti et al (2018)61 � � � � � � � � � � �
Xu et al (2018)41 � � � � � � � � � � �
Hosking et al (2019)64 NA NA � � � � � � � � �
Wu et al (2019)69 NA NA � � � Unsure � � � � �
Shannon et al (2019)68 NA NA � � � Unsure � � � � �
Adjibade et al (2019)62 NA NA � � � Unsure � � � � �
Akbaraly et al (2019)63 NA NA � � � � � � � � �
Dearborn-Tomazos et al (2019)39 NA NA � � � Unsure � � � � �
Mattei et al(2019)65 � � Unsure � � � � � � � �
Milte et al (2019)66 NA NA � � � Unsure � � � � �
Munoz-Garcia et al (2019)67 NA NA � � � � � � Unsure � �
Shi et al (2019)44 NA NA � � � Unsure � � � � �
Zhang et al (2021)70 NA NA Unsure � � Unsure � � � � �

Note: Q1¼Were the 2 groups similar and recruited from the same population? Q2¼Were the exposures measured similarly to assign
people to both exposed and unexposed groups? Q3¼Was the exposure (diet) measured in a valid and reliable way? Q4¼Were con-
founding factors identified? Q5¼ Strategies to deal with confounding factors? Q6¼Were the groups/participants free of the outcome
at the start of the study? Q7¼Were the outcomes measured in a valid and reliable way? Q8¼Was the follow-up time reported and
sufficient to be long enough for outcomes to occur? Q9¼Was follow-up complete and, if not, were the reasons for loss to follow-up
described and explored? Q10¼Were strategies to address incomplete follow-up utilized? Q11¼Was appropriate statistical analysis
used?
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reported cognitive function; this was estimated to be

equivalent to being 1.3 years younger (OR 0.64, 95% CI
[0.55, 0.75], P< 0.001).59

Not all longitudinal studies found a significant rela-
tionship between MedDiet and measures of cognition.

Both Hosking et al (2019) and Munoz-Garcia et al
(2019) failed to find an association between greater ad-

herence to the MedDiet and risk of cognitive impair-
ment (Munoz-Garcia et al b¼ 0.43, 95% CI [–0.40,

1.26], P for trend¼ 0.28 and b¼ 0.32, 95% CI [–0.23,
0.88], P for trend¼ 0.26; Hosking et al OR 1.30, 95% CI

[0.79, 2.15], P for linear trend¼ 0.29 and OR 0.77, 95%
CI [0.43, 1.39], P for linear trend¼ 0.40).64,67 Qin et al
(2015) also found no significant relationship between

MedDiet and cognitive performance 5 years later in
individuals under 65 years of age (no statistics

reported), and Zhang et al (2020) failed to find a signifi-
cant relationship between MedDiet and reaction time

(liner trend P¼ 0.222 and P¼ 0.739).42,70

Kesse-Guyot et al (2013) found that greater

MedDiet adherence was associated with better perfor-
mance on a measure of cognition (MD¼�0.73, 95%

CI [�1.55, 0.09], P for linear relation¼ 0.02); however,
this relationship no longer remained significant after

fully adjusting for covariates (sex, age, education, occu-
pation, geographic region, smoking status, physical ac-

tivity, memory troubles, and medication use;
MD¼ 0.41, 95% CI [�1.23, 0.40], P for linear

relation¼ 0.12).57 There was, however, a significant dif-
ference between lower and higher MedDiet adherence,

favoring the latter, for short-term memory and lexical–

semantic memory performance 13 years later
(MD¼�0.64, 95% CI [�1.60, 0.32], P for linear

relation¼ 0.003 and MD¼�1.00, 95% CI [�1.85,
�0.15], P for linear relation¼ 0.048).57

Only 2 RCTs were conducted assessing the impact
of a MedDiet intervention on cognitive perfor-

mance.75,76 One of these supplemented the
Mediterranean diet with dairy and the other with lean

pork. Both studies reported significantly improved
(faster) processing speed after 8 weeks of intervention

when compared with the low-fat diet group (MedDairy,
d¼ 1.3, P¼ 0.04 and MedPork, MD¼ 0.32, 95% CI
[0.08, 0.57], P¼ 0.01).75,76

When considering the results of the quality ap-
praisal, only 1 study measured the MedDiet across the

study period;59 therefore, it cannot be assumed that all
participants were still adhering to the MedDiet when

their neurocognitive function was assessed. For many
studies, neurocognitive function was also not assessed

at baseline; thus, the cognitive health of the participants
at baseline was not clear.57–59,68

DASH diet. Only 1 cross-sectional study investigated
the relationship between the DASH diet and neurocog-

nition in midlife, and no significant relationship was
observed (MMSE: b¼ 0.02, SE¼ 0.09, P¼ 0.80,

California Verbal Learning Test: b¼�0.20, SE¼ 0.24,
P¼ 0.40, Free Recall Long Delay: b¼�0.25, SE¼ 0.24,

P¼ 0.28, Benton Visual Retention Test: b¼�0.20,

Table 7 Quality appraisal randomized controlled trials
Article Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13

Wade et al (2018)75 � � � � � Unsure � � � � � � �
Wade et al (2019)76 � � � � � Unsure � � � � � � �

Note: Q1¼Was true randomization used for assignment of participants to treatment groups? Q2¼Was allocation to treatment groups
concealed? Q3¼Were treatment groups similar at the baseline? Q4¼Were participants blind to treatment assignment? Q5¼Were
those delivering treatment blind to treatment assignment? Q6¼Were outcomes assessors blind to treatment assignment? Q7¼Were
treatment groups treated identically other than the intervention of interest, Q8¼Was follow-up complete and, if not, were differences
between groups in terms of their follow-up adequately described and analyzed? Q9¼Were participants analyzed in the groups to
which they were randomized? Q10¼Were outcomes measured in the same way for treatment groups? Q11¼Were outcomes mea-
sured in a reliable way? Q12¼Was appropriate statistical analysis used? Q13¼Was the trial design appropriate, and any deviations
from the standard randomized controlled trial design (individual randomization, parallel groups) accounted for in the conduct and
analysis of the trial?

Table 8 Vote count of significant findings for each dietary pattern
Significant positive Significant negative Null

Dietary pattern P< 0.05 P< 0.01 P< 0.001 P< 0.05 P< 0.01 P< 0.001 P> 0.05

MedDiet 5 1 4 1 5
DASH 1 1 2
MIND 2 1
Diet quality 4 3 1 4
Plant based 2 2
Other healthy 1 2 2 1 2
Nutrient 1
Inflammatory 1
Western 3* 4
*One of these studies also found a significant positive association at P< 0.001*.
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SE¼ 0.25, P¼ 0.41, Clock Command test:

b¼�0.05 6 0.05, P¼ 0.31, Brief Test of Attention:
b¼�0.07 6 0.10, P¼ 0.49, Trail-making Test, Part A:

b¼�3.41, SE¼ 2.55, P¼ 0.18, Trail-making Test, Part
B: b¼ 7.95, SE¼ 7.80, P¼ 0.31, Digits Span, Forward:

b¼�0.07, SE¼ 0.08, P¼ 0.40, Digits Span, Backward:
b¼�0.07, SE¼ 0.08, P¼ 0.34, Card Rotation test:
b¼ 0.26, SE¼ 0.76, P¼ 0.74, Identical Pictures:

b¼ 0.07, SE¼ 0.25, P¼ 0.77, Verbal fluency: b¼�0.11,
SE¼ 0.21, P¼ 0.61).48

Three longitudinal studies investigated adherence
to the DASH diet in midlife and cognitive func-

tion.65,67,69 One study found that those in the highest
quartile of adherence to the DASH diet and other

healthy dietary patterns had a significant reduction in
the risk of cognitive impairment later on in life (after

20 years) when compared with those in the highest
quartile (OR 0.71, 95% CI [0.62, 0.81], P for linear

trend< 0.001).69 Adherence to the DASH diet was
found to be significantly related to better memory func-

tioning 2 years later, in participants free from diabetes
(b¼ 0.024, SE¼ 0.008, P¼ 0.003); however, this was

not significant for global cognitive function or executive
functioning (P> 0.05).65 On the other hand, Munoz-

Garcia et al (2019) did not find that adherence to the
DASH diet was significantly associated with cognitive

function after 6 years (b¼ 0.30, 95% CI [–0.35, 0.96], P
for trend¼ 0.43).67 The quality appraisal highlighted

that these studies only assessed adherence to the DASH
diet at baseline,67,69 and one only assessed cognition at

follow-up;69 therefore, the results need to be interpreted
with this in consideration.

MIND (Mediterranean–DASH Intervention for

Neurodegenerative Delay) diet. Three of the cohort stud-
ies investigated the effects of the MIND diet on neuro-

cognitive function.62,64,67 These each had conflicting
results. Adjibade et al (2019) did not find the MIND

diet to be related to measures of subjective cognitive
complaints after 6 years follow-up (HR 0.98, 95% CI
[0.93, 1.02], P for linear relation¼ 0.32). However, the

MIND diet was significantly related to subjective cogni-
tive complains in individuals older than 70 years (HR

0.87, 95% CI [0.78; 0.98], P for linear relation¼ 0.02).
In contrast, Hosking et al (2019) found the highest ter-

tile of adherence to the MIND diet to be related to re-
duced odds of developing cognitive impairment, MCI,

and dementia after 12 years (OR 0.47, 95% CI [0.24,
0.91], P for linear trend¼ 0.026).64 Munoz-Garcia et al

(2019) also found that higher adherence to the MIND
diet was related to improved cognitive function 6 years

later: for each 1 standard deviation increase in MIND
score there was a 0.27 increase in the cognitive outcome

(b¼ 0.27, 95% CI [0.05, 0.48], P< 0.05).67 The quality

appraisal demonstrated that only Adjibade et al

(2019)62 measured the MIND diet across the follow-up
period; however, both Munoz-Garcia et al (2019)67 and

Hosking et al (2019)64 assessed baseline cogntion.

Diet quality. Five cross-sectional studies investigated the
relationship between diet quality (aHEI, DST, and HEI-
2010) and measures of neurocognitive function at mid-

life.48–50,53,55 Greater adherence to the aHEI was found
to be associated with higher global cognitive perfor-

mance (this was only significant between the second
and fourth quintiles; b¼ 0.48 95% CI [0.17, 0.80], P

trend¼ 0.042), verbal learning (b¼ 0.88, 95% CI [0.18,
1.58], P trend¼ 0.020), and verbal memory (b¼ 0.46,

95% CI [0.01, 0.72], P trend¼ 0.007).49 Ye et al (2013)
also found that greater diet quality (HEI-2005 score)

was significantly related to cognitive performance
(b¼ 0.25, SE¼ 0.10, P trend¼ 0.011): a 10-point in-

crease in HEI-2005 was found to be equivalent to being
cognitively 5 years younger. In contrast, the HEI-2010

was not significantly related to executive function
(b¼ 0.04, SE¼ 0.03, P trend¼ 0.23), memory (b¼ 0.06,

SE¼ 0.03, P trend¼ 0.059), or attention (b¼ 0.05,
SE¼ 0.03, P trend¼ 0.10).53 The HEI-2010 was also not

found to be related to any measures of cognition by
Hossain and colleagues in 2019 (MMSE: b¼�0.01,

SE¼ 0.01, P¼ 0.60, California Verbal Learning Test:
b¼�0.034, SE¼ 0.03, P¼ 0.23, Free Recall Long

Delay: b¼�0.03, SE¼ 0.03, P¼ 0.28, Benton Visual
Retention Test: b¼ 0.01, SE¼ 0.03, P¼ 0.80, Clock

Command test: b¼�0.001, SE¼ 0.01, P¼ 0.90, Brief
Test of Attention: b¼�0.01, SE¼ 0.01, P¼ 0.35, Trail-

making test, Part A: b¼ 0.01, SE¼ 0.31, P¼ 0.97, Trail-
making test, Part B b¼ 0.02, SE¼ 0.96, P¼ 0.98, Digits

Span, Forward: b¼ 0.02, SE¼ 0.01, P¼ 0.06, Digits
Span, Backward: b¼�0.01, SE¼ 0.01, P¼ 0.21, Card

Rotation test: b¼�0.02, SE¼ 0.09, P¼ 0.81, Identical
Pictures: b¼�0.01, SE¼ 0.03, P¼ 0.69, Verbal fluency:

b¼�0.002, SE¼ 0.03, P¼ 0.93).48 Wright et al (2017)
found diet quality as measured by the HEI-2010 to be
significantly related to verbal learning (B¼ 0.05,

SE¼ 0.02, P< 0.01, and B¼ 0.01, SE¼ 0.002, P< 0.05).
However, they failed to find an association between diet

quality and measures of nonverbal memory, working
memory, attention, visuospatial ability, perceptual

speed, or semantic fluency (P> 0.05).55 Finally, partici-
pants who were classified with an optimal diet using the

DST have been found to have better Stroop processing
than those with a sub-optimal diet (M¼ 0.19 vs

M¼�0.10, P¼ 0.013),50 though no significant relation-
ship was found for reaction or decision speed, visual

processing, or spatial working memory (P> 0.177).50

Seven longitudinal studies examined the relation-

ship between the diet quality (aHEI,36,58,65,67,69 HEI,65
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and DGI66) and various measures of neurocognitive

function. The aHEI was not significantly associated
with greater odds of healthy cognitive aging 15 years

later in middle-aged women (OR 0.99, 95% CI [0.97,
1.01], P trend¼ 0.09)58; however, a study by Munoz-

Garcia et al (2019) found that those in the highest teritle
of aHEI scores had better cognitive performances than
those in the lowest tertile (b¼ 0.81, 95% CI [0.17, 1.45],

P trend¼ 0.03). Adherence to both the HEI and aHEI
were both significantly related to memory function

2 years later in participants free from diabetes
(b¼ 0.011, SE¼ 0.003, P¼ 0.002 and b¼ 0.012,

SE¼ 0.004, P¼ 0.001); however, neither reached signifi-
cance for global cognitive function or executive func-

tion (P> 0.05).65 Further, Wu et al (2019) found that
those with lower adherence to the aHEI had greater

cognitive decline after 20 years as measured by the
MMSE when compared with those with greater adher-

ence (OR 0.75, 95% CI [0.66, 0.85], P trend< 0.001).69

Compared with those in the lowest tertile, those in the

highest tertile were found to have a 25% reduction in
risk of cognitive deficit. One standard deviation in-

crease in adherence was associated with an 11% reduc-
tion in risk of cognitive impairment after a 19.7-year

follow-up.69 In addition to these measures of cognitive
function, Akbaraly et al (2018) found that higher aHEI

scores were significantly related to larger hippocampal
volumes 11 years later (b¼ 0.11, 95% CI [0.02, 0.21],

P< 0.05).60 Contrary to these findings, Akbaraly et al
(2019) failed to find an association between aHEI and

cognitive decline (P¼ 0.62). Milte et al (2019) also failed
to find an association between diet quality and cognitive

performance: in the fully adjusted module, adherence to
the DGI-2013 was not found to be associated with cog-

nitive function 4 years later (B¼ 0.00, 95% CI [�0.01,
0.03], P> 0.05).66 The results from the quality appraisal

suggest that the findings from 2 of the longitudinal co-
hort studies need to be interpreted with caution, be-

cause diet was not assessed at follow-up58,67 Further, the
baseline cognitive status of participants was not con-
firmed for 4 studies.58,60,66,69

Plant-based dietary patterns. Four longitudinal studies

investigated plant-based dietary patterns and neurocog-
nitive function.35,40,67,69 It was found that, compared

with those in the lowest quartile, participants in the
highest quartiles of adherence to the PDI and hPDI

had, respectively, a significant 18% and 22% reduction
in the risk of cognitive impairment as measured by the

MMSE after a follow-up of 19.7 years (OR 0.82, 95% CI
[0.71, 0.94], P trend< 0.001 and OR 0.78, 95% CI [0.68,

0.90] P trend< 0.001, respectively).69 For each 1 stan-
dard deviation increase in PDI scores, there was a 7%

decrease in risk of cognitive deficit. Similarly, for the

hPDI, for every 1 standard deviation increase in hPDI

scores, there was an 8% reduction in risk for cognitive
decline.69 Higher adherence to the carotenoid-rich die-

tary pattern was associated with increased cognitive
performance on the composite score 13 years later

(MD¼ 0.58, 95% CI [0.27, 0.90], P< 0.001).35 Higher
adherence was related to better episodic memory, se-
mantic fluency, working memory, and executive func-

tion (MD¼ 0.59, 95% CI [0.25, 0.92], P¼ 0.001;
MD¼ 0.59, 95% CI [0.26, 0.91], P¼ 0. 001; MD¼ 0.39,

95% CI [0.06, 0.72], P¼ 0.02; and MD¼ 0.51, 95% CI
[0.19, 0.82], P¼ 0.002, respectively).35

Pearson et al (2016) also scored a plant-based die-
tary pattern: after adjusting for demographic factors

and energy intake, higher consumption of the plant-
based dietary pattern was found to be associated with

lower odds of cognitive impairment after 6.8 years (OR
0.81, 95% CI [0.67, 0.98], P¼ 0.02).40 However, after

also adjusting for socio-economic status and other cog-
nitive risk factors, this was attenuated and was no lon-

ger significant (OR 0.89, 95% CI [0.73, 1.10], P
trend¼ 0.23).40 Munoz-Garcia et al (2019) also failed to

find a significant relationship between PVD and cogni-
tive performance (b¼ 0.41, 95% CI [–0.56, 1.38],

P¼ 0.22).67 All of the studies investigating the plant-
based diet had methodological issues that need to be

addressed, eg, diet was not assessed at the same time
point as cognition,35,67,69 and only 1 study investigated

baseline neurocognitive health.67

Other healthy dietary patterns. Only one cross-sectional
study investigated the relationship between a wholefood

dietary pattern and cognitive performance.36 After con-
trolling for marital status, health behaviors, and health

status, individuals with greater adherence to the whole-
food dietary pattern had lower odds of cognitive deficit

on all cognitive tasks except phonemic fluency (mem-
ory: OR 0.74, 95% CI [0.59, 0.93], P trend¼ 0.03; rea-

soning: OR 0.69, 95% CI [0.57, 0.84], P trend< 0.001;
vocabularary: OR 0.54, 95% CI [0.44,0.66], P
trend< 0.001; phonemic fluency: OR 0.80, 95% CI

[0.66, 0.98], P trend¼ 0.06; semantic fluency: OR 0.59,
95% CI [0.50–0.72], P trend< 0.001).36 However, after

controlling for education, this finding attenuated and
only remained significant for vocabulary and semantic

fluency performance (OR 0.75, 95% CI [0.60, 0.92], P
trend¼ 0.02 and OR 0.72, 95% CI [0.59, 0.88], P

trend¼ 0.002).36

Similar results were observed in 7 longitudinal,

prospective cohort studies investigating the relationship
between other healthy dietary patterns and cognitive

performance.37–42,63 Pearson et al (2016) found that
when adjusting for demographic factors, energy intake,

and socio-economic status, the alcohol/salads dietary
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pattern was found to have lower odds of cognitive im-

pairment after 6.8 years (OR 0.68, 95% CI 0.56, 0.84, P
trend< 0.001).40 Individuals with greater adherence to

the prudent-style diet were found to have larger left hip-
pocampal volumes, 4 years later (b [SE]¼ 48.7 [22.8],

P¼ 0.032).38 Dearborn-Tomazos et al (2019) also
scored adherence to the prudent-style diet; however, af-
ter adjusting for covariates, adherence was no longer

significantly related to global cognitive performance
20 years later (MD¼�0.01, 95% CI [�0.06, 0.04], P

trend¼ 0.60).39

A significant positive association was found be-

tween adherence to the traditional Chinese dietary pat-
tern and a measure of global cognition 10 years later

(b¼ 1.32, 95% CI [0.90, 1.73], P trend< 0.001), but this
was not significant for verbal memory scores (b¼ 0.44,

95% CI [0.14, 0.74], P trend¼ 0.77).41 Kesse-Guyot et al
(2012) found that those with the highest adherence to

the healthy food diet performed better on a measure of
global cognitive performance compared with individu-

als with the lower adherence after a follow-up period of
13 years (M¼ 50.1 6 0.7 vs M¼ 48.9 6 0.7; P¼ 0.001);

the traditional dietary pattern was not related to cogni-
tion (M¼ 49.9 6 0.7 vs M¼ 50.1 6 0.7; P¼ 0.68). This

positive relationship between the healthy dietary pattern
and cognition was only found in those with low energy

intakes.37 For each 1 standard deviation increase in ad-
herence to the healthy dietary pattern, there was an in-

crease in cognitive decline (b¼�0.03, 95% CI [�0.05,
�0.01], P¼ 0.007).63 Qin et al (2015) used factor analy-

sis to extract data for 2 traditional diets from a Chinese
population: a wheat-based diverse dietary pattern and a

rice/pork dietary pattern: neither of these dietary pat-
terns were found to be related to cognitive performance

in individuals under the age of 65 years (MD¼ 0.020,
95% CI [�0.205, 0.246], P trend¼ 0.89 and MD ¼
�0.063, 95% CI [�0.296, 0.169], P trend¼ 0.21).42 The
quality appraisal demonstrated that 7 of the studies dis-

cussed here failed to assess diet at the time of neurocog-
nitive assessment,37–42,63 and 2 studies did not assess
cognitive health at baseline.37,39

Nutrient-defined patterns. Only 1 cross-sectional study

investigated the roll of nutrient patterns.54 Berti et al
assessed how different nutrient patterns were related to

3 different neuroimaging outcome measures of brain
health and Alzheimer’s disease pathology; ie, glucose

metabolism, gray matter volume, and amyloid beta
markers.54 One nutrient pattern high in Vitamin B12,

Vitamin D, and zinc was found to be significantly re-
lated to all 3 outcome measures: higher intake of those

nutrients was associated with reduced amyloid beta
(P< 0.001), greater glucose metabolism (P< 0.001),

and increased gray matter volume (P< 0.001). Another

nutrient intake pattern high in saturated fat, cholesterol,

and sodium was negatively associated with metabolic
activity and gray matter volume (P< 0.001).54 Overall,

only one nutrient pattern (B vitamins: B1, B2, B3, B6,
and B9) was not associated with any of the biomarkers

(P> 0.05). The nutrient intake patterns found to be
protective of brain health were also associated with
higher intake of fruits and vegetables, whole grains, fish,

and low-fat dairy.54

Unhealthy dietary patterns. Of the studies reviewed, 7
investigated the relationship between unhealthy dietary

patterns and measures of neurocognitive function and
brain morphology.36,38–41,43,63 The main unhealthy die-

tary patterns explored included inflammatory dietary
patterns, Western dietary patterns, and “other” un-

healthy dietary patterns.

Inflammatory dietary patterns

One longitudinal study investigated an inflammatory
dietary pattern.43 This pattern was scored using the die-

tary inflammatory index (DII), which was developed us-
ing a scoring algorithm that incorporated foods that

have been found to increase inflammation.77 Higher
DII score in middle age was significantly related to

worse global cognitive performance 13 years later (MD
�1.76, 95% CI [�2.81, �0.72], P trend¼ 0.002).43 For

the individual cognitive assessments, higher DII adher-
ence was related to worse performance on a task of epi-

sodic memory performance and 2 lexical–semantic
memory tasks (MD¼�1.38, 95% CI [�2.50, �0.27], P
trend¼ 0.01; MD¼�2.57, 95% CI [�3.67, �1.48], P

trend< 0.001; MD¼�1.42, 95% CI [�2.52, �0.33], P
trend¼ 0.04), whereas no relationship between DII ad-

herence and performance on tasks of mental flexibility
or short-term memory were found (MD¼ 0.07, 95% CI

[�1.05, 1.18], P trend¼ 0.87; MD¼�0.86, 95% CI
[�1.96, 0.25], P trend¼ 0.13; MD¼�0.61, 95% CI

[�1.67, 0.45], P trend¼ 0.31).43 The quality appraisal
demonstrated that this study only assessed diet at

baseline.43

Western dietary patterns and other unhealthy diets

Only 1 cross-sectional study extracted a dietary pattern
similar to the Western-style diet, ie, the processed food

pattern.36 After controlling for marital status, health
behaviors, and health status, individuals with high ad-

herence to the processed food diet had cognitive deficits
for a number of cognitive tasks compared with individ-

uals with low adherence (memory, OR 1.26, 95% CI
[0.95, 1.67], P trend¼ 0.26; reasoning, OR 1.55, 95% CI

[1.21, 1.98], P trend< 0.001; vocabulary, OR 2.36, 95%
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CI [1.84, 3.04], P trend< 0.001; phonemic fluency, OR

1.70, 95% CI [1.33, 2.19], P trend< 0.001; semantic flu-
ency, OR¼ 1.58, 95% CI [1.25, 2.01], P trend< 0.001).

However, all the results were attenuated after control-
ling for education and only remained significant for vo-

cabulary performance and phonemic fluency (OR 1.63,
95% CI [1.25, 2.13], P trend< 0.001 and OR 1.34, 95%
CI [1.04, 1.74], P trend¼ 0.02, respectively).36

Six cohort studies examined the Western dietary
pattern or another unhealthy diet and their relationship

with measures of cognitive function, such as brain
structure38 and cognitive deficit.39–41,44,63 The Western-

style diet was found to be related to smaller left hippo-
campal volume after 4 years (b¼�52.6, SE¼ 26.9,

P¼ 0.05).38 In contrast, Akbaraly et al (2019) failed to
find a significant association between the Western-type

diet and cognitive decline after 18 years (P¼ 0.62).
Further, Dearborn-Tomazos et al (2019) also failed to

find an relationship between adherence to the Western-
style diet and cognitive performance after 20 years

(MD¼ 0.03, 95% CI, [�0.03, 0.08], P trend¼ 0.37).39

Another study investigated the relationship of 3 dietary

patterns similar to the Western dietary pattern to cogni-
tive performance over 6.8 years: the “convenience” pat-

tern, the “Southern” pattern, and the “sweets and fats”
pattern.40 There was no relationship between measures

of cognitive performance and either “convenience” or
the “sweets and fat” dietary patterns (OR 0.87, 95% CI

[0.70, 1.08], P trend¼ 0.14; OR 1.19, 95% CI [0.95,
1.49], P trend¼ 0.31, respectively). Individuals with

higher adherence to the Southern pattern (high in
added fats, fried food, eggs, processed meats, and sugar-

sweetened beverages) were found to have higher odds
of cognitive impairment compared with those with

lower adherence after 6.8 years (OR 1.46; 95% CI [1.19,
1.78], P trend < 0.001), however after controlling for

socio-economic status and other cognitive risk factors
this relationship was no longer significant (OR 1.16,

95% CI [0.93, 1.45], P trend¼ 0.05).40 Xu et al (2018)
extracted data for protein-rich and starch-rich dietary
patterns and found that higher adherence to the pro-

tein-rich pattern was positively related to global and
verbal cognition after 10 years (b¼ 2.28, 95% CI [1.80,

2.78] P trend< 0.001), whereas greater intake of the
starch-rich pattern was negatively related to cognitive

function after 10 years (b¼�0.31, 95% CI [�0.70,
0.08], P trend¼ 0.001).41 Finally, 1 study investigated

adherence to an iron-related dietary pattern and found
higher adherence to be significantly related to worse

cognitive performance 15 years later (global cognition,
regression coefficient¼�0.79, 95% CI [�1.25, �0.32],

P trend< 0.001; verbal memory score, regression coef-
ficient¼�0.37, 95% CI [�0.70, �0.04], P

trend¼ 0.02).44 The quality appraisal suggested,

however, that the results should be interpreted with

caution, as diet was only assessed at baseline for 5 stud-
ies,38–41,63 and cognition was not assessed at baseline

for 2 studies.39,44

DISCUSSION

This is the first systematic review to examine the rela-

tionship between dietary patterns in middle age and
concurrent or later neurocognitive function and brain

health. It revealed that diet at middle age (40–65 years)
may be related to cognitive function and brain mor-

phology, both in midlife and later in life. Nine cross-
sectional studies, 23 longitudinal or prospective cohort

studies, and 2 RCTs met the criteria for inclusion in the
review. Table 8 demonstrates that most of the available

evidence supports a protective effect of the MedDiet on
cognitive function later in life. This is true, albeit to a

lesser extent, for other measures of diet quality, and
healthy posteriori patterns. Most of the available evi-

dence synthesized here is from longitudinal, prospective
cohort studies, and more RCTs are needed. There was

some inconsistency in the findings, which may be due
to the heterogeneity in cognitive outcomes and the

method of diet assessment. Despite this, the results of
this review are largely consistent with previous findings

across a range of ages (20–90 years).2,78 This suggests
that diet at midlife appears to have an impact on later

life cognition.

Summary of the evidence

Specific findings from the cross-sectional studies reveal
significant relationships between posteriori-defined die-

tary patterns and outcomes of cognitive performance
and neuroimaging. There were only 253,56 studies that

found a significant relationship between adherence to
the MedDiet and cognitive performance. However, for

1 study this was an inverse relationship between every-
day memory performance and MedDiet.56 Due to the
paucity of research assessing the concurrent relation-

ship between MedDiet and neurocognitive function in
midlife, more research is needed. On the other hand, a

number of longitudinal and prospective cohort studies
reported a significant positive relationship between ad-

herence to the MedDiet and neurocognitive out-
comes.58,59,61,65,68,69 These significant findings suggest

that adherence to the MedDiet in midlife may protect
later life cognition and that the protective benefits of

adhering to the MedDiet may be cumulative and ob-
served only after adherence for relatively long periods.

However, it should be noted that none of the studies
assessing the MedDiet assessed dietary adherence at fol-

low-up. Therefore, these findings need to be confirmed
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by future research assessing both dietary adherence and

cognition at multiple time points. The 2 RCTs included
in this review evaluated the effects of adherence to ver-

sions of the MedDiet on cognitive performance, using a
crossover design; both studies found that only process-

ing speed improved after only 8 weeks intervention, fa-
voring adherence to the MedDiet compared with the
low-fat control diet.75,76 Not all studies found a signifi-

cant positive relationship between neurocognition and
MedDiet adherence. In one longitudinal study, the

MIND diet (related but not identical to the MedDiet)
was found to protect against development of cognitive

deficit.64 The MIND Diet comprises the food groups
from the MedDiet and the DASH with most evidence

for neuroprotection. Further, adherence to the MIND
diet was also found to be related to fewer subjective

memory complaints after 6 years.62 Importantly, this
diet was developed directly for brain health: it may have

the highest clinical utility for cognitive protection and
reducing the risk of developing cognitive decline or

dementia.
Findings from reviewed studies investigating diet

quality and other healthy dietary patterns also showed
evidence of improved neurocognitive outcomes. A lon-

gitudinal study exploring various healthy dietary pat-
terns (DASH, aHEI, PDI, and MedDiet) found that

these diets reduced the odds of cognitive impairment as
measured by the MMSE.69 Adherence to the healthy di-

etary patterns was also found to be related to enhanced
measures of global cognitive performance (healthy die-

tary pattern)37; measures of episodic memory, semantic
fluency, working memory, and executive function (ca-

rotenoid-rich pattern)35; and greater hippocampal vol-
ume (the hippocampus is an area of the brain

associated with memory and the development of
Alzheimer’s disease79; prudent pattern38 and aHEI-

201060). These different dietary patterns all share com-
mon features, such as a high intake of fruits, vegetables,

omega-3 fatty acids, and polyunsaturated fatty acids, as
well as a low intake of red meat, processed foods, and
refined sugars. This suggests that it may be these key

components that are important for neuroprotection,
rather than one specific dietary pattern. In addition to

these neuroprotective dietary patterns, there is evidence
for a relationship between unhealthy dietary patterns

(such as the inflammatory and Western diet patterns)
and both reduction in global cognitive performance40,43

and smaller hippocampal volumes.38 These unhealthy
dietary patterns are all high in processed foods, added

sugar, saturated fat, and red meat, suggesting these are
the food groups that should be avoided to protect cog-

nitive and brain health.18,80 Relative to the number of
healthy dietary patterns reviewed, only a few unhealthy

dietary patterns were explored. This is a limitation in

the research, as the majority of people in Western coun-
tries are adhering to unhealthy diets that may have a

negative impact on their brain health.81,82

Variation in the methods of scoring dietary patterns

There was a wide variety of dietary patterns explored in

this systematic review. In addition, there were different
methods of scoring adherence to the different dietary

patterns, and these could be categorized into 2 main
types: a priori and posteriori. A priori patterns are pre-

defined dietary scores based on previous research; these
scores are validated and tend to be reliable (examples

incude the MedDiet, MIND, and DASH dietary pat-
terns).83 Use of these scores allows comparison between

the different studies that investigate the same dietary
pattern. However, even in studies that investigate the

same dietary pattern, there was inconsistency in the
scoring methods used. For example, in the current re-

view, 7 different methods of scoring adherence to the
MedDiet were used. This makes it difficult to compare

the results between the studies and between the dietary
patterns. In addition to this, many studies utilized pos-

teriori methods of dietary assessment, which are statisti-
cally derived patterns that reflect the dietary habits of

the sample being investigated.83 Posteriori methods also
mean comparison from study to study is difficult, be-

cause each dietary pattern is defined within its own co-
hort. Future studies should use consistent validated

measures of dietary adherence, such as the 14-item
Mediterranean Diet Adherence Screener and assess-

ment tool.84 Validated tools such as this are easy to ad-
minister, economical, time efficient, allow for more

accurate comparison of the results from study to study,
and transition well into clinical settings.

Variation in the neurocognitive outcomes measured

Furthermore, there was a wide variety of outcomes for
assessing cognitive and brain health, including meas-

ures of global cognitive performance,41,42,58,69 perfor-
mance on specific cognitive domains,35–

37,40,43,56,57,63,64,68 subjective cognitive perfor-
mance,52,59,62 and brain structure, as well as neuroimag-

ing of biomarkers.38,54,60 This diversity made collating
the results difficult, as not all cognitive domains are

equally sensitive to the changes associated with aging.21

Some measures of cognitive performance (such as

global measures like the MMSE) are insensitive to
changes associated with the early stages of cognitive de-

cline.85 The cognitive domains found to be most sensi-
tive to aging include spatial working memory and

Nutrition ReviewsVR Vol. 80(5):1129–1159 1155



episodic memory.21 There is evidence that both spatial

working memory and episodic memory have already
started to decline in midlife.21,86 The specific cognitive

domains found to be related to diet at midlife in the
current review were executive functioning,35 semantic

fluency,35,36 reasoning,35 vocabulary,28 processing
speed,68,75,76 and memory.35,43,65,68

Overall, the results of this review highlighted that

the measures of global cognitive performance, including
measures of specific cognitive domains, were signifi-

cantly positively associated with adherence to a
“healthy” dietary pattern in midlife.35,37,40,68 This is en-

couraging, as it indicated that cognitive faculties sensi-
tive to age-associated cognitive decline are potentially

amenable to change. Adherence to various healthy die-
tary patterns was also associated with global measures

of cognitive function such as subjective cognitive func-
tioning,59 cognitive aging (measured by telephone inter-

view to determine cognitive status41,58), and the
MMSE.69 However, some studies only found a signifi-

cant relationship in people over the age of 65, suggest-
ing that more sensitive measures may be needed to

observe the relationship between diet and cognitive
function at midlife, or that this relationship is only pre-

sent later in life.42,62 The heterogeneity of the findings
of the studies reviewed can possibly be explained by the

compounding effects of the differences in the method-
ologies, the dietary patterns investigated, the scoring

methods used for the dietary patterns, and the cognitive
outcomes measured.

Strengths, limitations, and future directions

The quality appraisal highlighted that there are some

methodological issues that need to be addressed in fu-
ture studies. One of the commonly identified methodo-

logical issues concerned the timing of dietary
measurement. Many of the studies reviewed measured

diet at baseline only; in some cases this was up to
20 years before the cognitive outcomes were assessed.
This is problematic as diet may fluctuate across the life

span due to aging and lifestyle changes.87,88 Future re-
search should address this by assessing diet at multiple

time points. However, this limitation should not result
in the significant findings in this review being ignored,

as it is possible that individuals may adhere to a similar
dietary pattern across their lifespan.87 The quality ap-

praisal also highlighted that a number of longitudinal
studies failed to measure cognitive status at baseline.

This prevented cognitive decline from being assessed,
and limited learnings regarding cognitive performance.

Future studies should take this into account and mea-
sure both cognition and diet at both time points. There

were only 2 RCTs conducted in this age range. Future

studies also need to address this gap in the literature,

conducting larger RCTs assessing the efficacy of diet as
a preventative strategy for the development of cognitive

decline.
Strengths in the studies reviewed include large

sample sizes and long follow-up periods. Studies were
geographically diverse, indicating that this research area
is of growing concern globally. The wide variety of die-

tary patterns that have been explored demonstrates that
there are many options for dietary intervention when

targeting the prevention of cognitive decline.
The strengths of this review include its conforming

to the PRISMA method. Further, this review is novel in
that it investigated the relationship between dietary pat-

terns and cognitive performance in a specific age range
(40–65 years). The evidence available for the relation-

ship between diet and neurocognitive function at mid-
dle age suggests that there is a continuing association

from middle age into older age. This means that inter-
ventions at middle age may be effective in preventing

neurocognitive decline. The present review also had a
number of limitations: the studies reviewed were het-

erogeneous in methodology, including sample popula-
tions, length of follow-up, and variation in the dietary

patterns and neurocognitive outcomes explored. This
prevented a meta-analysis from being conducted.

Another limitation of this systematic review is the inclu-
sion of studies from the same cohort. This may have

contributed to biasing the results, as the same partici-
pants were examined across different studies, even

though the studies investigated different dietary
patterns.

The findings of this systematic review highlight the
gaps in the literature investigating diet and cognitive

health in middle age. First, there is very limited data
from randomized RCTs in this age range. Second, none

of the studies included in this review assessed diet using
nutrient biomarkers; all reported using self-reported

measures of diet, including food frequency question-
naires, 24-h diet recalls, and diet interviews. Self-
reported diet measures are subject to social desirability

bias, such as over-reporting healthy foods and under-
reporting unhealthy foods.89,90 Future research should

address this bias by utilizing more objective measures of
diet, such as nutrient biomarkers. Finally, the methodo-

logical issues highlighted in this review need to be
addressed, including measuring both cognition and diet

at both time points for longitudinal studies. Other fac-
tors, such as genetics and gender differences, could also

play a role in the complex relationship between diet and
neurocognitive function; these should be examined in

future research as they were out of the scope of this cur-
rent review. Furthermore, additional research is needed

to understand the mechanisms of how diet may impact
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neurocognitive health. Some of the proposed mecha-

nisms include cardio-metabolic health,91,92 inflamma-
tion and oxidative stress,93 and gut microbiota.94 In

addition to the use of subjective measures of nutrient
status and dietary intake, studies should utilize compre-

hensive nutrient biomarkers and assess possible mecha-
nisms in order to better understand how diet may
impact cognitive health in middle age.

CONCLUSION

This systematic review evaluated the available evidence

from studies that have assessed the relationship between
adherence to various dietary patterns at middle age and

measures of brain health and cognition. Due to the in-
creasing aging population and limited interventional

strategies for cognitive decline, there is an increasing
need to develop strategies that will aid the prevention of

cognitive decline associated with aging. This systematic
review provides evidence that diet may be an effective

target for change, as research suggests that diet at mid-
dle life is related to cognition later in life. Specifically,
adhering to the MedDiet was found to have the most

evidence for protecting later life cognitive function
among middle-aged people. More research is needed to

confirm these findings, including more longitudinal
studies that assess diet and cognitive performance at

both baseline and follow-up. As there was only 9 cross-
sectional studies, more research is needed to assess the

relationship between cognitive function and diet at
middle age. The paucity of RCTs of dietary interven-

tions in this area was also striking and should be
addressed. Additional studies investigating the detri-

mental effects of the Western-style diet and other
“unhealthy” dietary patterns are also warranted. Overall

the evidence demonstrates that dietary intervention in
middle age may be a feasible intervention strategy to

help prevent the onset of age-associated cognitive
decline.
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