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Nut Consumption for Cognitive Performance:
A Systematic Review
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Diet is considered an important modifiable lifestyle factor capable of attenuating early cognitive changes in healthy older people. The inclusion of
nuts in the diet has been investigated as a dietary strategy for maintenance of brain health across the lifespan. This review aimed to present up-to-
date evidence regarding the association between nut intake and cognitive performance. Four databases (Ovid MEDLINE, Scopus, Cumulative Index
to Nursing and Allied Health Literature (CINAHL) Plus, and Embase) were systematically searched from inception to April 2020. Eligible articles were
interventional or observational studies in humans aged >18'y that measured the effects (or association) of nuts (almond, hazelnut, macadamia,
pistachio, walnut, pecan, pine nut, Brazil nut, cashew, peanut) on cognitive outcomes. Out of the 2374 articles identified in the searches, 22 involving
43,793 participants met the criteria and were ultimately included in this review. Memory (immediate and delayed), attention, processing speed,
executive function, and visual-spatial ability, as well as risk of mild cognitive impairment, were the outcomes investigated. Lack of consistency
across the studies regarding study design, types of nut used, and cognitive outcomes measured resulted in inconsistent evidence that the regular
consumption of mixed nuts has a protective effect on cognition in adults of different ages. Nonetheless, we observed that studies targeting
populations with a higher risk of cognitive decline tended to find a more favorable outcome. Furthermore, homogeneous findings were observed
in the studies that specifically addressed the association between walnut consumption and cognitive performance: out of the 6 studies, including
2 randomized controlled trials, only 1 did not find a positive association. Adv Nutr 2021;12:777-792.
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Introduction
Global increase in life expectancy has resulted in an un-
precedented increase in the prevalence of age-associated

considered an abnormal consequence of aging, the condition
currently affects 35.6 million people worldwide (3), and
estimates project this number to double by 2030 and more

chronic diseases, such as cancer, diabetes, and cardiovascular
disorders (1). The aging process leads to several underlying
physiological changes. In the brain, the increased vulnera-
bility to oxidative stress, chronic inflammation, and vascular
impairment contributes to neuron and synapse loss, which
may ultimately cause dementia (2). Although dementia is
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than triple by 2050 (3).

Dementia is a progressive condition that leads to a drastic
decline in different cognitive domains such as planning, pro-
cessing speed, working memory, codification, and executive
functions that require divided attention (4). As a result, the
ability to perform daily activities is greatly compromised,
which explains dementia as the leading cause of disability and
dependency among older people worldwide (5). Considering
that the pathological pathways underlying dementia may
occur <30 y before symptom onset, strategies to reduce the
risk of this disease are encouraged to take place early in
life (3). It is believed that management of lifestyle-related
risk factors such as physical inactivity, obesity, poor quality
diet, and tobacco use throughout life may reduce the risk of
dementia and optimize the trajectory of aging (6).

Diet is considered an important modifiable lifestyle factor
capable of attenuating early cognitive changes in healthy
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older people. A comprehensive review of large observational
studies (>1000 participants) and clinical trials with follow-
up of >6 mo examined the role of diet in age-associated
cognitive decline and revealed that, overall, the consumption
of long-chain w-3 (n-3) fatty acids, B-vitamins (particularly
folate), vitamin D, and antioxidants such as flavonoids are
associated with lower rates of cognitive decline (7). Further-
more, strong evidence indicated that dietary patterns rich
in foods with anti-inflammatory and antioxidant properties,
such as the Mediterranean diet (MedDiet), the Dietary
Approaches to Stop Hypertension (DASH) diet, and the
Mediterranean-DASH Intervention for Neurodegenerative
Delay (MIND) diet are associated with slower rates of
cognitive decline and reduced risk of dementia (7, 8).
Amongst others, a common feature of these diets is the
regular consumption of nuts (9, 10). Nuts have an optimal
fatty acid profile, with a high concentration of monounsat-
urated and polyunsaturated fats and a low concentration of
saturated fats. Furthermore, some nuts, particularly walnuts,
are rich food sources of a-linolenic acid, a plant-based n-
3 fatty acid. Additionally, nuts are substantial food sources
of fiber, B-vitamins, minerals, and antioxidant compounds
(11-14). Peanuts, although botanically classified as legumes,
present with a similar nutrient profile as tree nuts and are
therefore commonly included in this group (12). Research
has demonstrated that the intake of nuts is associated with
reduced cardiovascular risk (15-17) and improvement of
glycemic control (18, 19). Given that these factors are tightly
associated with the maintenance of neuronal function and
brain health across the lifespan, it is hypothesized that their
benefits are extended to improved cognitive performance
in older people. This systematic review aims to present
up-to-date evidence regarding the association between nut
intake and cognitive performance. Considering the potential
benefits of nut intake during different stages of life, this
review includes studies involving adults aged >18 y with any
health condition.

Methods

Study identification and eligibility

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(The PRISMA Statement) (20). The review was prospectively
registered on a Systematic Literature Review registration
website (PROSPERO Registration No. CRD42020188206).
Research literature databases Ovid MEDLINE, Scopus,
CINAHL Plus, and Embase were searched from database
inception through to 6 April, 2020 using the following search
terms: (Adultx) AND (Diet OR Nutx OR “Prunus dulcis”
OR Almond* OR Anacardium OR Cashewsx OR Corylus
OR Hazelnut+ OR Macadamiax OR Pistacia OR Pistachiox
OR Juglans OR Walnutx OR Carya OR Pecan* OR Arachis
OR Peanutx OR Pinus OR “Pine nutx” OR Bertholletia OR
“Brazil nut+”) AND (Cognition OR “Cognition Disorders”
OR Memory OR “Memory Disorders”). The search strategy
is presented in Supplemental Table 1. Reference lists of
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selected studies and relevant review articles were manually
searched to supplement the electronic search. Articles were
eligible for inclusion if published in English, involved human
participants (either healthy or with any medical condition),
included an observational (cross-sectional or longitudinal)
or interventional study design, quantified the consumption of
>1 nut type, and assessed >1 cognitive outcome of interest:
memory (immediate and delayed), attention, processing
speed, executive function, visual-spatial ability, or risk of
cognitive decline. Excluded articles were those that did
not involve an observational or intervention study, assessed
short-term nut intake (<3 wk in duration), did not quantify
dietary nut intake, combined both nuts and other foods
(e.g. seeds, fruits) or food components together for analysis,
did not provide nut-specific outcome data, or measured
outcomes that were unrelated to cognitive health.

Screening and data extraction

All resultant references were imported into a systematic
review screening and data extraction software program
(Covidence Systematic Review Software, Veritas Health
Innovation, Melbourne, Australia), which was used to screen
studies and identify those meeting the prespecified inclusion
criteria. Duplicate articles were automatically identified
and excluded by Covidence software. After the removal
of duplicates, studies were screened by title and abstract
independently by 2 of the listed authors (LET, EAM,
EOC, EGC, NJK, and BRC) to determine their suitability
for inclusion. Selected articles then underwent full-text
screening, which was also conducted by 2 of the listed authors
independently (LET, EAM, EOC, EGC, NJK, and BRC).
Conflicts were resolved by discussion until consensus was
reached. On completion of screening, the PRISMA flow chart
was automatically generated by the Covidence program.
Data were independently extracted from each article by all
authors using a data collection table. Data collected included:
first author, year of publication, country in which the
study was conducted, study design, length of study, sample
size, participant characteristics (age, health condition), nut
intake (type, amount), nut intake of the comparator or
control group, cognitive assessment conducted including the
assessment tool utilized and cognitive outcome in nut eaters
versus comparators/controls. Given that aging is strongly as-
sociated with cognitive performance, findings were presented
according to age categories: young and middle-aged adults
(<60y), middle-aged and older people (>40 y), older people
(>60y), and older people >70y.

Quality assessment

The methodological quality of eligible studies were inde-
pendently assessed by 2 authors (NJK and BRC) using the
Quality Criteria Checklist tool of the Evidence Analysis
Manual of the Academy of Nutrition and Dietetics (21).
This tool rates primary research based on the relevance
of the research (applicability to practice) and the scientific
validity of the study. Studies were assessed as satisfying each
of the 10 validity criteria questions using “Yes,” “No,” or
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- Cognitive assessment data was not available (n = 1)

Full-text articles excluded, with reasons

FIGURE 1 Flowchart of study selection process.

“Unclear” responses. Studies receiving a “Yes” in response
to >5 out of 10 questions (including questions 2, 3, 6,
and 7) were designated “+/high quality,” studies receiving
an “Unclear” response to questions 2, 3, 6, or 7 were
considered “@/neutral,” and studies receiving a “No” in
response to 6 or more validity questions were considered “~
/low quality.” Disagreements between author appraisals were
resolved through collaborative discussion until consensus
was reached.

Results

Study selection

The initial database search returned 2374 articles. After the
removal of duplicates, 2363 articles were subjected to initial
screening for eligibility. This initial screening identified
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2188 articles that did not meet the inclusion criteria.
The remaining 175 articles were thoroughly assessed for
eligibility, with 153 articles found to be ineligible according
to predefined criteria. The main reason for exclusion was lack
of information on nut consumption independently of other
foods such as seeds (n = 127). After the exclusion of studies
that did not meet the inclusion criteria, 22 articles involving
43,793 participants were ultimately included in this review
(Figure 1).

Study characteristics

This review included 7 cross-sectional studies (22-28),
5 prospective cohort studies (29-33), 2 case-control stud-
ies (34, 35), and 8 randomized controlled trials (RCTs)
(Tables 1-4). Six RCTs had a parallel-arm (36-41) and 2 had
a crossover design (42, 43). The duration of intervention in
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TABLE1 Nut consumption and cognitive performance in young and middle-aged adults (aged <60 y)
Author, year, Study Nut intake (type, Comparison Cognitive
country Study design population amount) group measure Findings
Arab & Ang, 2015, Cross-sectional ~ n=5356 Walnut (WWHC, Nonconsumers — Simple reaction WWHC: mean difference: -=17.4 ms (B:
USA (22) free-living WWON) time test ~16.4; 95% Cl: =214, -14.5; P = 0.03")
(20-59y) WWON: mean difference: =10.5 ms (B:
-10.5;95% Cl: =13.7,-9.3; P = 0.02')
Symbol digit WWHC: mean difference: -0.35 s (8:
substitution -0.39;95% Cl: -0.71,-0.24; P=0.01")

Dhillon et al, 2017,
USA (37)

RCT, parallel-arm  n =286
(12 wk) overweight
(18-60y)

Almond, 15% daily
energy (energy-
restricted diet)

Pribis et al,, 2012, RCT, crossover n=47 college  Walnut within
USA (42) (8 wk) students banana bread,
(18-25Yy) 60 g/d

test WWON: mean difference: -0.31 s (8:
-0.30; 95% Cl: -0.70, -031; P = 0.01")

WWHC: mean difference: -1.42 s (8:
-2.38;95% Cl: -15.11,-0.39;
P=005")

WWON: mean difference: -1.31 s (8:
-2.21;95% Cl: -14.47,-0.51;
P=0001")

Single digit
learning test

Nut-free diet Immediate No differences between groups
(energy- memory No differences between groups
restricted Immediate
diet) attention

Attention No differences between groups
(delayed)

Delayed memory  No differences between groups

Verbal list No differences between groups
recognition test

Placebo Raven's Ad- No differences between groups

vanced Pro-
gressive
Matrices
Watson-Glaser Difference: 11.2%; 95% Cl: 2.9, 19.6; EF:
Critical 0.567; P =0.009
Thinking
Appraisal
Wechsler Memory  No differences between groups
Scale - Third
Edition

! Adjusted for age, gender, race, education, BMI, smoking, alcohol consumption, and physical activity.EF, Cohen’s d effect size; RCT, randomized control trial; WWHC,

walnuts with high certainty; WWON, walnuts with other nuts.

the RCTs varied across the studies: 4 studies were conducted
for 8-24 wk (36,37,42,43),1 RCT was conducted for 2y (41),
and the PREvencion con Dleta MEDiterranea (PREDIMED)
trial, conducted in 2 different sites, was the longest study with
an intervention period ranging from 3.6 to 6.5 y (38-40).
The average time span between the first and final cognitive
assessments in the prospective cohort studies ranged from
3 to 6 y. Amongst the studies included in this review,
3 assessed only women in the Nurses’ Health Study (30,
32) or in the Womens Health Study (29). Regarding age
groups, Arab and Ang (22) assessed both young adults
(20-59 y) and older people (>60 y). Two other studies
included only participants younger than 60 y (37, 42),
9 combined middle-aged (>40 y) and older people (24, 25,
27, 31, 34, 38-40, 43), 6 assessed only older people either
above 60 or 65 y (23, 29, 33, 35, 36, 41), and 4 studies
assessed only individuals above 70 y (26, 28, 30, 32). Free-
living healthy populations were assessed in the majority
of the studies; 2 studies examined overweight individuals
(37, 43); 3 studies investigated subjects with mild cognitive
impairment (MCI) (34-36), and the 4 studies conducted as
part of the PREDIMED trial assessed participants with high
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cardiovascular risk (25, 38-40). Due to the heterogeneity in
study designs, participant characteristics, dietary nut intakes,
and outcome measurement techniques employed by studies
included in this review, a meta-analysis of study results was
not possible, therefore this review focuses on a narrative
synthesis of study outcomes.

Quality assessment of included studies

Eleven of the 22 studies (50%) included in the current review
were assessed to be of high methodological quality with
the remaining 11 studies (50%) considered to be of neutral
quality, as evaluated using the Quality Criteria Checklist tool
of the Evidence Analysis Manual of the Academy of Nutrition
and Dietetics (Table 5). Predominant threats to study validity
included failure to describe the methods used to handle
study withdrawals or loss to follow-up, inadequate use of
blinding, inappropriate statistical analyses, and the likelihood
of bias due to the study’s funding. Twelve studies (55%)
did not clearly specify the number of study withdrawals,
discuss the characteristics of study dropouts (clinical trials),
or disclose response rates (cohort, cross-sectional studies).
Fifteen studies (68%) did not blind outcome assessors or
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TABLE 5 Quality criteria checklist: summary for publications included in the review on the association between nut consumption and

cognitive performance in individuals aged >18y

Validity questions Overall

-y

Author, year

5 6

-
o

rating

Arab & Ang, 2015 (22)
Barbour et al, 2017 (43)
Cardoso et al,, 2016 (36)
De Amicis et al,, 2018 (23)
Dhillon et al., 2017 (37)
Dong et al., 2016 (24)
Martinez-Lapiscina et al., 2013a (39)
Martinez-Lapiscina et al.,, 2013b (40)
Nooyens et al, 2011 (31)
Nurk et al., 2010 (26)
O'Brien et al,, 2014 (32)
Pribis et al,, 2012 (42)
Rabassa et al, 2020 (33)
Salama et al, 2019 (27)
Sala-Vila et al,, 2020 (41)
Samieri et al., 2013a (29)
Samieri et al,, 2013b (30)
Valls-Pedret et al,, 2012 (25)
Valls-Pedret et al,, 2015 (38)
Wang et al, 2010 (28)
Yuan et al, 2016 (34)

Zhao et al, 2015 (35)
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Validity Question Ratings: Y, Yes; N, No; U, Unclear.

Study validity questions assessed: 1. Was the research question clearly stated? 2. Was the selection of study subjects/patients free from bias? 3. Were study groups comparable? 4.
Was the method of handling withdrawals described? 5. Was blinding used to prevent introduction of bias? 6. Were intervention/therapeutic regimens/exposure factor or

procedure and any comparison(s) described in detail? Were intervening factors described? 7. Were outcomes clearly defined and the measurements valid and reliable? 8. Was the
statistical analysis appropriate for the study design and type of outcome indicators? 9. Are conclusions supported by results with biases and limitations taken into consideration?

10. Is bias due to study’s funding or sponsorship unlikely?
Overall study ratings:

+ (Positive) indicates that the report has clearly addressed issues of inclusion/exclusion, bias, generalizability, and data collection and analysis (answers to validity questions 2, 3, 6,

and 7 plus >1 additional question are "Yes").

- (Negative) indicates that these issues have not been adequately addressed (6 or more of the answers to the validity questions are “No”").
@ (Neutral) indicates that the report is neither exceptionally strong nor exceptionally weak (answers to validity questions 2, 3, 6, or 7 are “Unclear”).

specify whether data collectors or statisticians were blinded.
Thirteen studies (59%) either did not provide a power
calculation for the estimation of sample size, failed to adjust
analyses for known confounders, or did not complete an
intention to treat analysis. Clinical significance of findings
was rarely considered. Ten studies (45%) were either funded
by the nut industry or were conducted by authors who had
received funds from the nut industry.

Types of nuts

The consumption of nuts without distinction of individual
nut types was examined in 6 cross-sectional studies (23-28),
5 prospective cohort studies (29-33), and 2 case-controls (34,
35). When considering studies that reported the types of nuts,
a total of 5 types of nut were used: walnut, peanut, almond,
Brazil nut, and hazelnut. Walnuts were investigated in
2 cross-sectional studies (22, 25), 1 prospective cohort (32),
and 2 RCTs: 1 consisted of a daily portion of banana bread
containing walnuts (60 g/d) (42), and the other provided the
equivalent of 15% of energy requirement, ranging from 30 to
60 g/d of walnuts (41). Intervention with high-oleic peanuts
(84 g for men, 56 g for women, 6 d/wk) was investigated by
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Barbour et al. (43). Dhillon et al. (37) examined the long-
term impact of the consumption of almonds (corresponding
to 15% of the daily energy requirement) as part of an energy-
restricted diet. The intervention protocol studied by Cardoso
et al. (36) consisted of 1 Brazil nut a day (~5 g). The study
protocol of the PREDIMED trial comprised a daily mix of
walnuts (15 g), hazelnuts (7 g), and almonds (7 g) as part of
the MedDiet (25, 38-40).

Young and middle-aged adults

Three studies assessed participants aged <60 y (age range:
18-60 y), and they investigated either almonds or walnuts
(Table 1). The consumption of an almond-enriched diet
(corresponding to 15% of the energy requirement) did not
result in better cognitive performance when compared with
a nut-free diet after 12 wk (37). In the study by Pribis
et al. (42), the consumption of 60 g of walnuts for 8 wk
by college students (n = 47) was associated with better
critical thinking abilities as measured by the Watson-Glaser
Critical Thinking Appraisal (mean difference: 11.2%; Cohen’s
d effect size: 0.567; P = 0.009). However, no differences were
observed for verbal reasoning (measured by Raven’s Ad-
vanced Progressive Matrices) or memory (assessed by the



Wechsler Memory Scale) when compared with the placebo
group. Arab and Ang (22) assessed walnut consumption in
US civilians aged 20-59 y participating in the NHANES.
In that population, walnut consumption averaged 10.3 g/d.
Based on their reported food sources of walnuts, participants
were categorized as consumers of walnuts alone (walnuts
with high certainty, WWHC) or consumers of walnuts as
part of other different recipes or products (walnuts with
other nuts, WWON). When compared with individuals who
reported no consumption of nuts, walnut consumers pre-
sented better scores in the 3 cognitive tests: simple reaction
time test (WWHC: mean difference: -17.4 ms; f: -16.4;
95% CI: -21.4, -14.5; P = 0.003; WWON: mean difference:
-10.5 ms; B: -10.5; 95% CI: -13.7, -9.3; P = 0.002), symbol
digit substitution test (WWHC: mean difference: -0.3 s; 8: -
0.4; 95% CI: -0.7, -0.2; P = 0.01; WWON: mean difference:
-0.3s; B: -0.3; 95% CI: 0.7, -0.3; P = 0.01), and single digit
learning (WWHC: mean difference: -1.4 s; 8: -2.4; 95% CI:
-15.5, -0.4; P = 0.05; WWON: mean difference: -1.3 s; : -
2.2;95% CI: -14.5, -0.5; P = 0.001). When tertiles of walnut
consumption were examined, better outcomes were reported
for all cognitive test scores among those in the highest tertile
(P <0.01).

Middle-aged and older people

Nine studies assessed both middle-aged and older people
combined (age >40 y) (Table 2). The consumption of nuts
was associated with better delayed memory (F = 4.87;
P < 0.001) in community-dwelling Chinese, although no
associations were observed for other cognitive domains
(short-term memory, visuo-spatial and phonemic fluency
abilities, language, executive function, attention, concentra-
tion, and working memory) (24). A cross-sectional analysis
of free-living individuals in Egypt showed that the regular
consumption of nuts decreased the risk of MCI (OR: 0.88;
95% CI: 0.80, 0.98; P =0.02). Individuals with MCI presented
with lower nut intake than cognitively healthy participants
in 2 cross-sectional studies (24, 27), a difference that was
not observed in a Chinese population (34). A cross-sectional
analysis in the study of Nooyens et al. (31), conducted in a
population from the Netherlands, identified that people in
the highest quintile of nut intake presented better cognitive
outcomes (global cognitive function, cognitive flexibility,
memory, processing speed; all g: 0.05; all P < 0.05) than
those in the lowest quintile, which was the equivalent to a
difference of 5-8 y in age. However, a 5 y follow-up analysis
in the same population revealed no association between nut
intake and cognitive performance or incidence of MCI (31).
In the study of Barbour et al. (43), the supplementation
of high-oleic peanuts resulted in better performance in
processing speed (mean difference: 0.2; Cohen’s d effect
size: 0.27; P = 0.047), verbal fluency (mean difference: 0.6;
Cohen’s d effect size: 0.46; P < 0.001), and executive function
(mean difference: 0.5; Cohen’s d effect size: 0.35; P = 0.016)
tests, but not in memory, in comparison with a nut-free
diet. Four studies conducted as part of the PREDIMED,
the largest dietary intervention trial to assess the effects of

the Mediterranean diet on cardiovascular disease (CVD)
prevention, investigated the effects of nuts on cognition.
Cross-sectional analysis from the PREDIMED conducted
in Barcelona revealed a positive association between the
consumption of walnuts, but not other nuts, and working
memory, as assessed by the reverse digit span test (8: 1.2;
95% CI: 0.061, 2.322; P = 0.039) (25). The RCT conducted
at the same study site (intervention period median: 4.1 y)
showed that people in the MedDiet supplemented with a
mix of nuts (MedDiet + nuts) group presented with better
memory (nut group: mean change: 0.1; 95% CI: -0.04, 0.24;
control group: mean change: -0.16; 95% CI: -0.32, -0.01;
P difference < 0.05), but not frontal or global cognition,
when compared with a control diet characterized by reduced
fat intake (38). Data from a subgroup of the PREDIMED-
Navarra, a recruitment site where a longer intervention was
conducted (6.5 y) revealed no effect of MedDiet + nuts
intervention on cognitive outcomes when compared with
a low-fat diet (40). However, when data from the whole
PREDIMED-Navarra cohort were considered in the analysis,
the MedDiet + nuts arm presented better performance on the
Mini-Mental State Examination (MMSE) (mean difference:
0.57; 95% CI: 0.11, 1.03; P = 0.0153) and clock drawing test
(mean difference: 0.33; 95% CI: 0.003, 0.67; P = 0.0483) than
the control low-fat diet (39).

Older people

Seven studies reported results exclusively for older people
(age >60 y) (Table 3). The consumption of nuts was not
different between people with MCI and healthy controls in
a Chinese population (35). The consumption of 1 serving
of nuts (30 g)/wk was associated with a reduced risk of
cognitive impairment in an Italian sample of free-living
older people (OR: 0.3; 95% CI: 0.13, 0.69; P = 0.005)
(23). Another study conducted with community-dwelling
Italians also showed that, in comparison to nonconsumers,
the regular consumption of nuts (>2.9g/d) was associated
with a decreased risk of cognitive decline (OR: 0.78; 95%
CI: 0.61, 0.99; P = 0.043) and better performance on MMSE
(mean difference: 1.5; Cohen’s d effect size: 0.47; P = 0.012)
over a period of 3 y (33). In contrast, nut intake was not
associated with cognitive status or changes in cognitive
performance (measured as global cognitive function and
verbal memory) over a period of 4 y in free-living American
women whose average intake was 0.3 servings/d (29). In the
study of Arab and Ang (22), individuals aged >60 y who
reported consuming walnuts presented better performance
in the story recall test, which assesses attention and delayed
memory (WWHC: mean difference: 8.3; 8: 7.1; 95% CI: 0.6,
13.7; P = 0.03; WWON: mean difference: 10.7; §: 8.1; 95%
CI: 3.5,12.7; P=0.001), and in the digit-symbol substitution
test, which measures processing speed, sustained attention,
and working memory (WWHC: mean difference: 11.3; 8:7.3;
95% CI: 0.1, 14.6; P=0.05; WWON: mean difference: 11.8; j:
4.8; 95% CI: 0.9, 8.7; P = 0.02). As observed for the younger
group aged 20-59 y, better outcomes were seen for both
cognitive test scores among those older people in the highest
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walnut intake tertile (P < 0.001). An RCT tested the effects
of the daily consumption of walnuts (the equivalent to 15%
daily energy requirement) for 2 y on cognitive performance
in older people recruited in 2 sites: California, USA, and
Barcelona, Spain. Overall, the intervention group did not
show any difference in regards to cognitive outcomes (global
cognition, perception, language, memory, frontal function)
when compared with the nut-free diet group. However, when
the 2 study sites were analyzed separately, the walnut group
was reported to present with better global cognition and
perception when compared with the nut-free diet group
in the Spanish study population (41). Cardoso et al. (36)
reported improvement in 2 out of 5 cognitive tests in older
people with MCI after a 6-mo trial with Brazil nut (verbal
fluency: Cohen’s d effect size: 1.3; P = 0.007; constructional
praxis: Cohen’s d effect size: 1.0; P = 0.031) in comparison
with a nut-free diet.

Older people aged =70y

Four studies investigated the association between the con-
sumption of nuts and cognitive outcomes exclusively in older
people aged >70 y (Table 4). A cross-sectional study did
not find an association between nut intake (average intake:
4.6 g/d) and cognitive outcomes in a Norwegian population
(26), and another cross-sectional analysis of community-
dwelling Chinese revealed no association between nut intake
and the risk of MCI (28). Two studies used prospective
data from the Nurses’ Health Study cohort to investigate the
association between nut intake and cognitive outcomes in
women aged >70 y. O’Brien et al. (32) showed that higher
intakes of nuts (measured as the frequency of 28 g servings
of nuts consumed per week) were associated with better
cognitive status over 6 y. When compared with individuals
who reported not consuming nuts, mean score differences
for participants who consumed 5 servings of nuts/wk were
0.21 (95% CI: -0.10, 0.52; P-trend = 0.02) in the telephone
interview for cognitive status, 0.08 (95% CI: 0.00, 0.15; P-
trend = 0.003) in the global cognition composite, and 0.09
(95% CI: 0.01, 0.17; P-trend = 0.005) in the verbal memory
composite. Such differences were the equivalent to 2 y of
cognitive aging. However, in the same study, nut intake
was not associated with rates of cognitive decline over the
6 y follow-up. When walnuts were considered alone in the
analysis, no significant association between cognitive status
or rates of decline in cognitive function were observed (32).
Similarly, Samieri et al. (30) found that higher quintiles of
nut consumption were associated with better cognitive status
over 4y (global cognition: P-trend = 0.02; verbal memory: P-
trend = 0.05), but no association was observed for changes in
cognitive performance over the 4-y follow-up.

Discussion

This comprehensive systematic review was conducted to
provide an insight into research exploring the notion
of nut consumption as a strategy to slow age-associated
cognitive decline. A previous review on this topic showed
evidence that nut intake might be a useful tool to delay
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age-associated cognitive decline (44). Despite the limited
clinical data included in that study in comparison to this
present review, the authors reviewed experimental studies
to provide mechanistic insight into the effects of nuts on
brain function. Here, we systematically searched for studies
that reported on adults aged >18 y, and given that aging
is strongly associated with cognitive performance, findings
were presented according to age categories. Memory (im-
mediate and delayed), attention, processing speed, executive
function, and visual-spatial ability, as well as risk of MCI,
were the outcomes investigated. The findings compiled in
this review do not provide consistent evidence that the
regular consumption of mixed nuts has a protective effect
on cognition in adults of different ages. Nonetheless, we
observed that studies targeting populations with a higher risk
of cognitive decline tended to find a more favorable outcome.
Furthermore, research is indicative that the intake of walnuts,
specifically, is associated with better cognitive performance
in young, middle-aged, and older people. This review has
also identified a lack of consistency across the studies
regarding study design, types of nut consumed, and cognitive
outcomes measured, which precludes further analyses or
conclusions.

Given that cognitive changes as a normal process of
aging start to occur in mid adulthood, it has been suggested
that modulation of lifestyle-associated risks at midlife are
of the utmost importance to decrease the risk of dementia
(45). Nonetheless, research is limited when investigating the
association between dietary strategies and cognitive function
in young and middle-aged adults, as they mostly target older
populations who present a higher risk of dementia. The
current review identified only 3 studies that assessed solely
individuals under 60 y, whereas 9 studies combined middle-
aged and older people as the target population. On the other
hand, a total of 11 studies investigated only older people,
and 4 of them focused on assessing exclusively older people
aged >70 y. Given that studies targeting similar age category
populations presented with different designs, investigated
different nut types in a range of concentrations, recruited
participants with a range of health conditions and assessed
a variety of cognitive outcomes, no age-related effects of nut
intake can be inferred.

Although aging characterizes the most important risk
factor for cognitive decline, dementia is a multifactorial and
heterogeneous disorder that is predisposed by a combination
of genetic and environmental factors such as educational
attainment, lifestyle, and psychological factors (46, 47).
The APOE gene, which encodes a protein involved in the
transport of cholesterol and other fatty acids, is the strongest
genetic risk factor for Alzheimer’s disease (48). Research
shows that carriers of the allele ¢4 present with higher rates
of cognitive impairment over the adult life course (48). The
interaction between this genotype and the consumption of
nuts was only explored in the study of Sala-Vila et al. (41),
but no significant interaction was observed (P = 0.088). Even
though other studies have adjusted their results for APOE
status and given the high concentration of fatty acids in nuts,



future studies should consider exploring the impact of nut-
gene interaction on age-associated cognitive decline.

Modifiable risk factors such as CVD, metabolic syndrome,
hypertension, obesity, type 2 diabetes, and education are sug-
gested to account for one-third of Alzheimer’s disease cases
worldwide (46, 47). Besides the neuroprotective role of diet
via modulation of most of these conditions, the link between
diet and the aging brain can be summarized in 3 crucial
mechanisms: regulation of blood flow, protecting against the
formation of arterial plaques; reduction of oxidative stress
and inflammation, protecting against neurodegeneration
(49). Current evidence shows that nut consumption is
associated with improved endothelial function (50), fasting
glucose concentrations (18), risk of metabolic syndrome (51),
and incidence of CVD (17, 52), although the effect on inflam-
matory markers seem to be dependent on the inflammatory
status of the study population and design of the dietary
intervention (type and amount of nuts) (50). These benefits
of nut intake may be explained by their unique nutrition
profile and bioactive compounds, such as the high content
of unsaturated fatty acids that can influence glucose control;
high concentration of PUFAs that have anti-inflammatory
and vasculoprotective effects (53), besides being integral
components of the neuronal membranes (54); and a high
concentration of phytochemicals and micronutrients, which
may reduce inflammation, oxidative stress, and endothelial
function (13, 14, 55). Furthermore, the incorporation of nuts
in the diet has been associated with dietary changes that
improve diet quality (56, 57), which can have an indirect
effect on cognitive function over time. In fact, a secondary
analysis of the study by Sala-Vila et al. (41) revealed that the
consumption of walnuts (corresponding to 15% daily energy)
displaced the equivalent of 19% of the energy provided
by other energy-containing foods in the diet. Furthermore,
individuals consuming walnuts daily reported a lower intake
of total carbohydrate, animal protein, saturated fatty acids,
and sodium, and higher intake of PUFAs (including n-3 and
n-6 fatty acids) and plant-based proteins (58).

However, the current review shows no consistent benefits
when it comes to cognitive performance in adults and older
people, which suggests that the relation between nut intake
and cognition is perhaps more nuanced than previously
hypothesized. Overall, out of the 7 cross-sectional analyses,
4 found a positive relation between the consumption of
mixed nuts and cognitive performance (23-25, 27); nonethe-
less out of the 5 longitudinal analyses, only 1 demonstrated
the consumption of mixed nuts to be protective against
cognitive decline over time (33). On the other hand, the
RCTs show more homogeneous findings: amongst the 8 RCTs
included in this review, only 2 did not find a positive effect of
nut intake on cognitive outcomes (Supplemental Table 2).
Overall, we observed that positive outcomes were more likely
in studies that targeted populations with lower educational
attainment and higher cardiovascular risk, and therefore
were at higher risk of cognitive decline. In this regard,
the study population of the PREDIMED studies included
participants at high cardiovascular risk (25, 38); in the trial

conducted by Sala-Vila et al. (41), positive effects of the
supplementation of walnuts were seen only in the Barcelona
cohort, which presented with lower education attainment
and higher rates of smokers. Education level was no higher
than a low degree or junior high school in ~65% of the
participants of the studies by Dong et al. (24) and De Amicis
et al. (23), whereas on average participants in the study by
Rabassa et al. (33) presented with only 6 y of education.
Furthermore, the only intervention study conducted with
older people with MCI found positive effects of Brazil nut
intake on cognitive performance (36). These findings imply
that individuals at higher risk of cognitive decline may obtain
the largest benefit from nut consumption, in alignment with
other interventions aiming to reduce the risk of dementia
(59).

A consistent beneficial effect was observed in the studies
that explored the association between walnut consumption
specifically and cognitive performance: of the 6 studies
investigating walnut consumption (including 2 RCTs), only
1 did not find a positive association. Walnuts contain
some unique nutritional properties including a high n-
3:n-6 fatty acid ratio and an exceptional concentration of
polyphenols, conferring superior antioxidant efficacy when
compared with other nuts (60). These nutrients are hypoth-
esized to contribute to the neuroprotective capacity of wal-
nuts by mitigating neuroinflammation and oxidative stress
(61, 62).

Despite the strong evidence indicating a protective role
of MedDiet against cognitive impairment, hesitation remains
when determining if the effects are due to the whole dietary
pattern or its individual components (49). This review
included 7 studies that assessed populations from Italy or
Spain, which are known to have high adherence to MedDiet.
The 2 studies conducted in Italy showed that nut intake was
associated with a decreased risk of cognitive decline (23,
33), which was aligned with findings from the PREDIMED
conducted in Spain (25, 38, 39). Interestingly, Sala-Vila et
al. (41) investigated the effects of the supplementation of
walnuts on cognitive performance in older people from
Spain and the USA, and positive outcomes were only
observed in the Spanish cohort. Findings from the studies
conducted in non-Mediterranean countries, such as the
USA, China, Australia, the Netherlands, Norway, Brazil,
and Egypt presented less consistent findings in regard to
cognitive function. Therefore, we may hypothesize that the
benefit of nut intake on cognition is maximized when part
of MedDiet, besides being more favorable to those who
are at higher risk of cognitive impairment due to prior
memory impairment, poor dietary habits, low educational
status, and/or presence of cardiovascular risk factors (59).
There may also be additional nondietary components of
the complete Mediterranean lifestyle that confer protective
benefits for cognitive health (physical activity, adequate sleep,
and increased socialization) (63).

The inclusion of studies that assessed young and middle-
aged adults along with older people is a strength of this
review, as well as the reporting of findings according to
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age categories. Furthermore, the current review encompasses
8 RCTs, which is the largest number of RCTs to date within
a systematic review related to nut intake and cognitive
outcomes. A limitation of the current review is the fact that
several studies investigating the association between dietary
patterns and cognition did not report a breakdown of food
groups and were therefore ineligible for inclusion in this
review. Furthermore, the most studied dietary patterns in this
regard combine nuts with other foods in the same group:
the Alternate Healthy Eating Index (64) combines nuts and
legumes, whereas MedDiet combines nuts with legumes and
beans as part of the same food category (65). Alternatively,
the MIND diet uniquely specifies the consumption of nuts
(9), but no research investigating this diet has reported food
groups separately. Although we have attempted to group
studies according to the age of the study populations, the
use of different age cut-offs in the different studies resulted
in overlaps between the age categories presented in this
review. The majority of studies included in this review were
of either a cross-sectional or cohort design, thus limiting
the conclusions to associations between nut intake and
cognitive function rather than causation. Some studies did
not quantify nut intake using a validated FFQ, and a number
of longitudinal studies only administered FFQs at 1 time
rather than at multiple time points throughout the study, so
changes in dietary nut intake were not captured. A further
limitation of the current review was the variability in the tests
used to assess cognition, and the heterogeneous nature of
the study designs. Therefore, it is not possible to determine
differences in efficacy between different types of nuts or
the optimal amount to be consumed in order to maximize
cognitive function.

Conclusions

The evidence summarized in the current review is inconclu-
sive as to whether increasing nut consumption contributes
to the maintenance of cognitive functions throughout life
and reduces the risk of dementia. Nonetheless, it appears
that the benefit of nut intake on cognition is more noticeable
in individuals at higher risk of cognitive impairment.
Furthermore, more consistent evidence indicates favorable
effects of walnuts on cognition, although more studies are
required to elucidate whether walnuts provide a superior
advantage over other nuts.
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