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Background: Results from clinical trials investigating the effect of nuts 
consumption on cognition are conflicting. We decided to conduct the current 
meta-analysis to summarize all available evidence on the effect of consuming 
nuts on cognition scores.

Methods: We conducted a comprehensive search in the online databases using 
relevant keywords up to June 2024. We included all the published Randomized 
clinical trials (RCTs) investigating the effect of nuts, compared to control, on 
cognition scores.

Results: Overall, 5 trials were included with a total sample size of 928 adults. 
Based on 6 effect sizes from these 5 trials, we did not find a significant effect of 
nuts on cognition function [Standardized Mean Difference (SMD): 0.27, 95% CI: 
−0.65 to 1.19, p  =  0.57].

Conclusion: Our review could not find a significant effect of nuts on cognition 
function. Future high-quality RCTs with larger sample sizes should be conducted 
to shed light on the impact of nuts on cognition.
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Introduction

Cognitive function is a term that refers to mental processes involved in giving reasons, the 
inception of knowledge, and the processing of information. Cognitive functions include the 
domains of perception, language abilities, learning, attention, decision-making, and memory 
(1). It means a set of mental functions that lead to perceiving and reacting, processing and 
understanding, making decisions, and producing appropriate responses to the environment. 
The quality of human life is significantly impacted by cognitive performance from two 
perspectives. 1. Loss or reduction of this ability leads to Alzheimer’s. 2. In various mental 
illnesses, such as major depressive disorder, schizophrenia, and bipolar disorder, cognitive 
function is impaired. So, if we can improve cognitive function, we can also enhance mental 
health and address Alzheimer’s disease (2). Cognitive impairments such as Alzheimer’s and 
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dementia are major concerns (3). The prevalence of Alzheimer’s rises 
with age: 5.3% of elderlies aged from 65 to 74 years, 13.8% of elderlies 
aged from 75 to 84 years, and 34.6% of elderlies aged 85 or older have 
Alzheimer’s disease (4).

Nuts are foods with high amounts of nutrients such as antioxidant 
and anti-inflammatory compounds. Nuts contain biologically active 
compounds and nutrients, such as unsaturated fatty acids, high-
quality protein, a diversity of vitamins and critical minerals, phenolic 
compounds, phytosterols, and fiber which may have beneficial effects 
on brain functions (5). Several RCTs show a significant effect of nuts 
on the improvement of cognition performance. Barbour et al. study 
in 2016 suggests that High-oleic peanut supplementation may regulate 
some functions in the brain as it may improve cognitive function in 
people with cognitive impairment (6). On the other hand, Mustra 
Rakic et al. found no significant difference in change in cognition 
function scores following consumption of almonds among the three 
groups included in the study (7). In a systematic review by Theodore 
et al., it was concluded that the benefit of nut intake on cognition may 
be  more significant in people with a higher risk of cognitive 
impairment (8). However, no meta-analysis was conducted on the 
included studies in this systematic review.

Therefore, regarding that there are multiple randomized clinical 
trials and by the time of the current review there is no meta-analysis 
summarizing the effect of nuts consumption on cognitive 
performance, we decided to conduct this meta-analysis.

Method

This study was performed based on the PRISMA protocol for 
systematic reviews and meta-analyses (Supplementary Table S1). 
PROSPERO registration ID: CRD42023455924.

Search strategy

We conducted a systematic search in the online databases of Web 
of Science, Scopus, PubMed, and Google Scholar up to June 2024, 
with the following keywords: [(nut OR almond OR cashew OR “tree 
nut” OR peanut OR pecan OR “pine nut” OR pistachio OR macadamia 
OR “peanut butter” OR hazelnut OR walnut) AND (cognition OR 
executive “executive function” OR “cognitive control” OR intelligence 
OR memory OR attention OR metacognition OR cognit* OR 
neuropsych* OR psychomotor OR learning OR language OR 
“executive function” OR attention OR “social cognition”)]. The 
complete search strategy is presented in Supplementary Table S2.

We made no restriction on the time or language of publications. 
In addition, the reference list of the relevant papers was reviewed to 
avoid missing any publication. Duplicate papers were also removed.

Inclusion criteria

Studies that met the following criteria were included: (1) 
randomized controlled clinical trials, (2) done on adults, (3) trials that 
intervened with nuts in different types such as peanut, almond, soy 
nut, walnut, Brazil nut, and their products, (4) clinical trials with at 

least 12 weeks of intervention duration, and (5) trials that reported 
mean changes with their standard deviations (SDs) of cognition 
function scores throughout the trial for both intervention and control 
groups or required information for calculation of those effect sizes. If 
more than one article was published for one dataset, we included only 
the most complete one.

Exclusion criteria

We excluded observational studies, review articles and ecological 
studies. Clinical trials without a control group were also excluded. 
Non-randomized trials were also excluded. Moreover, unpublished 
studies and grey literature were removed during the screening process.

Data extraction

Two independent investigators conducted screening and data 
extraction, looking for the following information from included 
studies: first author’s name, publication year, individuals’ 
characteristics (mean age and sex), sample size (control and 
intervention groups), study design, type of nuts which was 
consumed, the amount of nut, intervention duration, and mean 
changes and their SDs or alternative convertible data of cognition 
function scores throughout the trial for the intervention and 
control groups.

Quality assessment

The risk of bias for each included study was examined by the 
Cochrane quality assessment tool (9). This tool contained seven 
domains including allocation concealment, reporting bias, random 
sequence generation, performance bias, detection bias, attrition 
bias, and other sources of bias. Each domain was given a “high 
risk” score if the study comprised methodological defects, a “low 
risk” score if it had no defect for that domain, and an “unclear risk” 
score if there was no sufficient data to determine the risk. The 
overall risk of bias for each RCT was considered: (1) Low; if all 
domains were “low risk,” (2) Moderate; if one or more domains 
were “unclear risk,” and (3) High; if only one or more than one 
domain was “high risk.” Quality assessment is presented in 
Supplementary Table S3.

Statistical analysis

We used mean changes and SDs of depression scores in the nuts 
and control groups to calculate Standardized Mean Differences 
(SMD). When mean changes were not reported, they were calculated 
from final and baseline reports of that variable. We also converted 
standard errors (SEs), 95% confidence intervals (CIs), and interquartile 
ranges (IQRs) to SDs using the suitable formula by the method 
introduced by Hozo et al. (10). We used a random-effects model, that 
takes between-study variations into account, for final analyses. 
Between-study heterogeneity was determined by the I2 statistic and 
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Cochrane’s Q test. I2 values >50% were considered significant between-
study heterogeneity.

To find probable sources of heterogeneity, we performed different 
subgroup analyses by the predefined variables including type of nut 
(tree nuts vs. non-tree nuts), mean age of participants (<60 years vs. 
>60 years), study location (Europe vs. non-Europe), and duration of 
the intervention (>6 months vs. ≤6 months). We  used sensitivity 
analysis to detect each study on the overall effect sizes. Eggar’s 
regression test examined the possibility of publication bias. 
We carried out the current meta-analysis using Stata software, version 
17 (Stata Corp). We  considered a p-value less than 0.05 
statistically significant.

Results

Excluded studies: From 4,360 records that were found in our 
primary search, there were 991 duplicate articles that we excluded. 
After screening the remaining 3,234 publications based on title and 
abstract, 3,222 unrelated articles were also removed. Then, 12 
publications remained for more evaluation of the full text. Out of 
those 12 studies, two papers were excluded due to the simultaneous 
Mediterranean diet (11, 12), one article was excluded since no 
interventions of nuts were conducted (13), and three articles were 

removed due to not reporting some of the required data (14–16). 
Finally, we excluded two papers since tests were not directly examining 
cognitive function but factors related to it such as stress and memory 
(17, 18).

After these exclusions, five eligible RCTs remained to be included 
in the current systematic review and meta-analysis (6, 7, 19–21). The 
PRISMA flow diagram of study selection is illustrated in Figure 1.

Study characteristics: The characteristics of the five clinical trials 
that were included in the current systematic review and meta-analysis 
are outlined in Table 1. These papers were published between 2015 
and 2021 and all the studies were conducted on both sexes. The sample 
sizes of studies varied from 20 to 657 individuals, which resulted in a 
total sample size of 928 individuals. The mean age of participants was 
between 31 ± 13 and 77 ± 6 years. The duration of intervention ranged 
from 12 weeks to 2 years across included trials.

The included studies used different assessment tools for reporting 
changes in cognitive function. One study used the consortium to 
establish a registry for Alzheimer’s disease (CERAD) (22). This test 
assesses the characteristics which they first get impaired following 
Alzheimer’s occurrence (e.g., naming and verbal memory) and it has 
been translated into many languages and is widely being used for 
cognition assessment with an acceptable sensitivity (23, 24). Rey 
auditory verbal learning test (RAVLT) is another tool that consists of 
9 trials that examine recognition, and immediate and delayed 

FIGURE 1

The flow diagram of the study screening and selection.
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memory as factors for cognitive function which Barbour et al. have 
assessed cognition by in their trial (6, 25). Another cognition test is 
the cognition performance test (CPT) evaluates cognition based on 
observation of the subject while they perform activities of daily living 
(ADLs) and instrumental activities of daily living (IADLs) activities 
(26). Dhillon et al. evaluated cognition by CPT tool in their study 
(19). The first attempt memory score (FAMS) is another test used for 
cognition and Alzheimer’s disease assessment which is used in an 
included study for cognitive function evaluation (7). Global cognition 
is a standardized score based on other assessments such as FAMS and 
Sala-Vila et al. reported their data using this score (21).

Most trials had a parallel design, and only one study was a cross-
over RCT (6). Regarding the type of administered nuts, one study 
administered Brazilian nuts (20), two articles intervened with almonds 
(7, 19), and one administered walnuts (21).

Findings from the systematic review: Among the five RCTs assessing 
the scores of cognitions, two studies revealed a significant beneficial 
effect of nuts on cognition status (6, 20). The study by Rakic et al. suggests 
that higher amounts of nuts (3 oz./day compared to 1.5 oz./day) can 
be  beneficial for cognition performance (7). However, two studies 
suggest that consuming nuts is not beneficial for cognition status (19, 21).

Findings from the meta-analysis nuts on cognition performance: 
In total, five RCTs with a total sample size of 928 subjects were 
included in the analysis (6, 7, 19–21). Combining six effect sizes from 
these RCTs states that nuts, compared with controls, resulted in an 
elevation in cognition scores [standardized mean difference (SMD): 
0.27, 95% CI: −0.65 to 1.19, p = 0.57] (Figure 2).

However, our result was not significant (p = 0.57). In subgroup 
analysis, papers in which the duration of intervention was 6 months 
or less, showed a significant effect of nuts on cognition performance. 
Furthermore, there was evidence of a high between-study 
heterogeneity (I2  = 94.0, p  < 0.001). We  performed subgroup 
analyses, to detect potential sources of heterogeneity, (Table  2). 
Between-study heterogeneity was explained by the difference 
between the duration of studies based on our results from subgroup 
analyses. However, meta-regression did not support this result for 
the source of heterogeneity (p = 0.96). In addition to that, two of the 
included papers did not administer a placebo for their control 
groups thus, we performed a random effects analysis excluding those 
studies, and no significant change was observed in the final result 
[standardized mean difference (SMD): 0.17, 95% CI: −1.08 to 1.41, 
p  = 0.793] (6, 22). Moreover, the study by Rakic et  al. had 2 
intervention arms with different dosas of almond and it was essential 
to separately include them in the analysis and divide the control 
between them. However, to ensure that including the two arms 
separately does not significantly affect our analysis, we conducted a 
random effect analysis after excluding the study resulting in no 
significant change [standardized mean difference (SMD): 0.79, 95% 
CI: −0.19 to 1.76, p = 0.114, I2 = 94] (7).

In the sensitivity analysis, excluding any single study did not affect 
the overall estimate of the effect of nuts on cognition (range of 
summary estimates: −0.86, 1.49). According to meta-regression, nuts 
can be more beneficial for younger adults compared to older ones and 
longer duration of study may increase the effect of them on cognition. 
However, this result was insignificant (Supplementary Table S4). In 
addition to that according to the funnel plot, no evidence of 
publication bias was observed (Figure 3). The same result was seen 
based on Egger’s test (p = 0.692).T
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Discussion

In the current meta-analysis, we did not find a significant effect of 
nuts on cognition performance, however, we  found an increasing 
effect of nuts on cognition performance. In subgroup analysis, one 
study which was conducted on adults with a mean age of 31 ± 13 had 
a significant effect on elevation cognition scores (18). All the other 
results in subgroup analyses were insignificant.

Nuts are classified as fruits consisting of two parts: a seed shell 
and a hard outer layer. They are known to be a calorie-dense food 

source and contain various types of nutrients. Generally, nuts are 
considered to have a good amount of fat, fiber, and protein. They 
are exceptionally beneficial for any diet as consuming them may 
help prevent certain diseases such as cancer and cardiovascular 
diseases. Nuts have a low glycemic index due to their high 
unsaturated fat and protein content, as well as low carbohydrate 
content. Unsaturated fats such as omega-3 fats can be beneficial for 
cognition by many pathways. They can reduce oxidative stress as a 
key factor for cognition decline. Additionally, they act as anti-
inflammatory and pro-resolving mediators. Moreover, 

TABLE 2 Subgroup analyses for the effects of nut consumption on cognition performance.

Effect size, n SMD (95% CI)a p-withinb I2 (%)c p-heterogeneityd

Nut consumption on cognition performance

Overall 6 0.27 (−0.65, 1.19) 0.57 94.0 <0.001

Study location

Europe 3 −0.45 (−1.16, 0.26) 0.21 76 0.012

non-Europe 3 1.07 (−0.12, 2.25) 0.08 91 <0.001

Type of administered nuts

non-Tree nut 1 0.34 (−0.17, 0.85) 0.19 0 0

Tree nut 5 0.25 (−0.89, 1.38) 0.67 95.4 <0.001

Duration of intervention

≤6 months 4 0.24 (−1.21, 1.68) 0.75 95 <0.001

>6 months 2 0.13 (−0.29, 0.55) 0.53 31.32 0.23

Mean age

<60 1 2.21 (1.65,2.75) <0.001 0 0

>60 5 0.10 (−0.64, 0.43) 0.71 78.67 0.02

SMD, standardized mean difference; CI, confidence interval. 
aObtained from the random-effects model.
bRefers to the mean (95% CI).
cInconsistency, percentage of variation across studies due to heterogeneity.
dObtained from the Q-test.

FIGURE 2

Forest plot for the effect of nuts consumption on cognition scores, expressed as standardized differences between intervention and control groups. 
Rakic et al. study had two intervention groups with different doses of almond, thus our analysis is based on six effect sizes of five trials (7). Horizontal 
lines represent 95% CIs. Diamonds represent pooled estimates from random-effects analysis. SMD, standardized mean difference; CI, confidence 
interval.
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FIGURE 3

The funnel plot for publication bios of selected studies.

docosahexaenoic acid (DHA) as an omega-3 unsaturated fatty acid 
can prepare cells to counteract reactive oxygen species attacks by 
regulation of the nuclear factor erythroid 2 like 2 (NFE2L2) and 
heme-oxygenase-1 (HO-1) which is a downstream target protein 
for NFE2L2 (27). Fiber, another compound that is found in nuts, 
can be beneficial for cognition by short-chain fatty acids (SCFAs) 
conversion and regulation of the gut-brain axis and boost cognition 
(28). These are just a few possible mechanisms suggesting a 
beneficial effect on cognitive function following nut consumption. 
There are many more nutrients with multiple pathways supporting 
cognition. They have also been shown to be beneficial for cognitive 
function (29). A recent systematic review in 2020 found that 
consuming nuts can be  beneficial for cognition, especially in 
individuals with cognitive impairment (8). Numerous observational 
studies are reporting an association between nut consumption and 
prevention of cognition decline a cross-sectional study by Arab & 
Ang showed that consuming a higher amount of nuts may 
significantly reduce simple reaction time test (walnuts with high 
certainty: mean difference: −17.4 ms, p = 0.031) (30). A prospective 
cohort with 5 years of follow-up on 2,613 middle-aged adults 
showed that higher consumption of nuts can boost cognitive 
function but not always significantly (31). There are other studies 
supporting these results (32, 33). However, some of them do not 
show a significant beneficial association between a higher amount 
of nuts and higher cognition scores (34–36). Similar to observational 
studies, interventional studies are controversial. Some clinical trials 
suggest a significant improvement in cognition performance with 
nut consumption. A 2016 study by Barbour et al. suggests that high-
oleic peanut supplementation has the potential to regulate 
circulatory function in the brain and improve cognition in people 
with cognitive impairment (6). On the other hand, Mustra Rakic 

et al. found no significant difference in cognition improvement for 
consuming almonds among the three groups included in their study 
(7). However, the study included a large sample size of 928 
participants. To reach a firm conclusion, studies on each type of nut 
should be conducted. As there were not many RCTs and each of 
them used a different type of nut, we were unable to perform a 
subgroup analysis on all different types of nuts in separate groups. 
The current meta-analysis did not have a significant result, but a 
significant result was found in subgroup analyses. Moreover, none 
of the included RCTs had reported baseline dietary consumption of 
nuts. Finally, heterogeneity between studies was high, but we could 
determine that the source of heterogeneity was the duration of the 
intervention by conducting subgroup analyses. However, meta-
regression did not support the result from the subgroup analysis. 
Different types of nuts could be a source of heterogeneity but as it 
was mentioned earlier, we were unable to make a separate group for 
each type of nut. However, we conducted a subgroup analysis by 
comparing tree nuts and non-tree nuts.

In conclusion, in the current meta-analysis, we did not find 
a significant effect of consuming nuts on cognitive function 
scores. However, the analysis showed an elevation in scores 
following the consumption of nuts but not significant. It is 
suggested that future RCTs need to have a duration of 12 weeks 
minimum as it is unlikely that nuts can affect cognition for a 
shorter duration. It is clear that intervention longer than 12 weeks 
can be more accurate and is preferred. Moreover, as the number 
included studies were not many and they were heterogeneous, 
we were unable to perform a dose-response analysis and thus, 
we were unable to find an optimum dosage. Future trials and 
meta-analyses on them should be  more focused on finding a 
preferable dosage for best efficacy. Finally, future studies should 
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assess and report the baseline intake of nuts as it can be a very 
important confounder.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

MM: Writing – original draft, Writing – review & editing. MA: 
Writing – original draft. SE: Writing – review & editing. AJ: Writing 
– review & editing. AM: Writing – original draft.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1463801/
full#supplementary-material

References
 1. Kiely KM. Cognitive function In: AC Michalos, editor. Encyclopedia of quality of 

life and well-being research. Dordrecht: Springer Netherlands (2014). 974–8.

 2. Rokach A, Clayton S. Chapter 3—what causes adverse childhood experiences 
(ACEs)? In: A Rokach and S Clayton, editors. Adverse childhood experiences and their 
life-long impact: Academic Press (2023). 19–34.

 3. Nafea H, Abdelmegid O, Qaddourah S, Abdulwahab Z, Moawad J, Shi Z. Higher 
habitual nuts consumption is associated with better cognitive function among Qatari 
adults. Nutrients. (2021) 13:3580. doi: 10.3390/nu13103580

 4.  2021 Alzheimer's disease facts and figures. 2021Alzheimer's disease facts and 
figures. Alzheimers Dement. (2021) 17:327–406. doi: 10.1002/alz.12328

 5. Ni J, Nishi SK, Babio N, Ros E, Basterra-Gortari FJ, Corella D, et al. Higher versus 
lower nut consumption and changes in cognitive performance over two years in a 
population at risk of cognitive decline: a cohort study. Am J Clin Nutr. (2023) 118:360–8. 
doi: 10.1016/j.ajcnut.2023.05.032

 6. Barbour JA, Howe PRC, Buckley JD, Bryan J, Coates AM. Cerebrovascular and 
cognitive benefits of high-oleic peanut consumption in healthy overweight middle-aged 
adults. Nutr Neurosci. (2017) 20:555–62. doi: 10.1028415/X.2016.1204744

 7. Mustra Rakic J, Tanprasertsuk J, Scott TM, Rasmussen HM, Mohn ES, Chen CO, 
et al. Effects of daily almond consumption for six months on cognitive measures in 
healthy middle-aged to older adults: a randomized control trial. Nutr Neurosci. (2022) 
25:1466–76. doi: 10.1080/1028415X.2020.1868805

 8. Theodore LE, Kellow NJ, McNeil EA, Close EO, Coad EG, Cardoso BR. Nut 
consumption for cognitive performance: a systematic review. Adv Nutr. (2021) 
12:777–92. doi: 10.1093/advances/nmaa153

 9. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 
Cochrane Collaboration's tool for assessing the risk of bias in randomised trials. BMJ. 
(2011) 343:d5928. doi: 10.1136/bmj.d5928

 10. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the 
median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5:13. doi: 
10.1186/1471-2288-5-13

 11. Scarmeas N. Mediterranean food for thought? J Neurol Neurosurg Psychiatry. 
(2013) 84:1297. doi: 10.1136/jnnp-2013-305153

 12. Valls-Pedret C, Sala-Vila A, Serra-Mir M, Corella D, de la Torre R, Martínez-
González M, et al. Mediterranean diet and age-related cognitive decline: a randomized 
clinical trial. JAMA Intern Med. (2015) 175:1094–103. doi: 10.1001/
jamainternmed.2015.1668

 13. Martínez-Lapiscina EH, Clavero P, Toledo E, San Julián B, Sanchez-Tainta A, 
Corella D, et al. Virgin olive oil supplementation and long-term cognition: the 
PREDIMED-NAVARRA randomized, trial. J Nutr Health Aging. (2013) 17:544–52. doi: 
10.1007/s12603-013-0027-6

 14. Haskell-Ramsay CF, Dodd FL, Smith D, Cuthbertson L, Nelson A, Lodge JK, et al. 
Mixed tree nuts, cognition, and gut microbiota: a 4-week, placebo-controlled, 

randomized crossover trial in healthy nonelderly adults. J Nutr. (2023) 152:2778–88. doi: 
10.1093/jn/nxac228

 15. Kleinloog JPD, Tischmann L, Mensink RP, Adam TC, Joris PJ. Longer-term soy 
nut consumption improves cerebral blood flow and psychomotor speed: results of a 
randomized, controlled crossover trial in older men and women. Am J Clin Nutr. (2021) 
114:2097–106. doi: 10.1093/ajcn/nqab289

 16. Pribis P, Bailey RN, Russell AA, Kilsby MA, Hernandez M, Craig WJ, et al. Effects 
of walnut consumption on cognitive performance in young adults. Br J Nutr. (2012) 
107:1393–401. doi: 10.1017/S0007114511004302

 17. Pinar-Martí A, Gignac F, Fernández-Barrés S, Romaguera D, Sala-Vila A, Lázaro 
I, et al. Effect of walnut consumption on neuropsychological development in healthy 
adolescents: a multi-school randomised controlled trial. EClinicalMedicine. (2023) 
59:101954. doi: 10.1016/j.eclinm.2023.101954

 18. Parilli-Moser I, Domínguez-López I, Trius-Soler M, Castellví M, Bosch B, Castro-
Barquero S, et al. Consumption of peanut products improves memory and stress 
response in healthy adults from the ARISTOTLE study: a 6-month randomized 
controlled trial. Clin Nutr. (2021) 40:5556–67. doi: 10.1016/j.clnu.2021. 
09.020

 19. Dhillon J, Tan SY, Mattes RD. Effects of almond consumption on the post-lunch 
dip and long-term cognitive function in energy-restricted overweight and obese adults. 
Br J Nutr. (2017) 117:395–402. doi: 10.1017/S0007114516004463

 20. Cardoso BR, Apolinário D, da Silva BV, Busse AL, Magaldi RM, Jacob-Filho W, 
et al. Correction to: effects of Brazil nut consumption on selenium status and cognitive 
performance in older adults with mild cognitive impairment: a randomized controlled 
pilot trial. Eur J Nutr. (2021) 60:557. doi: 10.1007/s00394-020-02443-6

 21. Sala-Vila A, Valls-Pedret C, Rajaram S, Coll-Padrós N, Cofán M, Serra-Mir M, 
et al. Effect of a 2-year diet intervention with walnuts on cognitive decline. The walnuts 
and healthy aging (WAHA) study: a randomized controlled trial. Am J Clin Nutr. (2020) 
111:590–600. doi: 10.1093/ajcn/nqz328

 22. Rita Cardoso B, Apolinário D, da Silva BV, Busse AL, Magaldi RM, Jacob-Filho W, 
et al. Effects of Brazil nut consumption on selenium status and cognitive performance 
in older adults with mild cognitive impairment: a randomized controlled pilot trial. Eur 
J Nutr. (2016) 55:107–16. doi: 10.1007/s00394-014-0829-2

 23. Fillenbaum GG, van Belle G, Morris JC, Mohs RC, Mirra SS, Davis PC, et al. 
Consortium to establish a registry for Alzheimer’s disease (CERAD): the first twenty 
years. Alzheimers Dement. (2008) 4:96–109. doi: 10.1016/j.jalz.2007. 
08.005

 24. Karrasch M, Sinervä E, Grönholm P, Rinne J, Laine M. CERAD test performances 
in amnestic mild cognitive impairment and Alzheimer's disease. Acta Neurol Scand. 
(2005) 111:172–9. doi: 10.1111/j.1600-0404.2005.00380.x

 25. Dawidowicz L, Ash E, Korczyn AD, Andelman F, Levy S, Elkana O. Can the 
RAVLT predict deterioration from MCI to dementia? Data from long term follow up. 
Exp Aging Res. (2021) 47:347–56. doi: 10.1080/0361073X.2021.1898182

https://doi.org/10.3389/fnut.2024.1463801
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1463801/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1463801/full#supplementary-material
https://doi.org/10.3390/nu13103580
https://doi.org/10.1002/alz.12328
https://doi.org/10.1016/j.ajcnut.2023.05.032
https://doi.org/10.1028415/X.2016.1204744
https://doi.org/10.1080/1028415X.2020.1868805
https://doi.org/10.1093/advances/nmaa153
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1136/jnnp-2013-305153
https://doi.org/10.1001/jamainternmed.2015.1668
https://doi.org/10.1001/jamainternmed.2015.1668
https://doi.org/10.1007/s12603-013-0027-6
https://doi.org/10.1093/jn/nxac228
https://doi.org/10.1093/ajcn/nqab289
https://doi.org/10.1017/S0007114511004302
https://doi.org/10.1016/j.eclinm.2023.101954
https://doi.org/10.1016/j.clnu.2021.09.020
https://doi.org/10.1016/j.clnu.2021.09.020
https://doi.org/10.1017/S0007114516004463
https://doi.org/10.1007/s00394-020-02443-6
https://doi.org/10.1093/ajcn/nqz328
https://doi.org/10.1007/s00394-014-0829-2
https://doi.org/10.1016/j.jalz.2007.08.005
https://doi.org/10.1016/j.jalz.2007.08.005
https://doi.org/10.1111/j.1600-0404.2005.00380.x
https://doi.org/10.1080/0361073X.2021.1898182


Moabedi et al. 10.3389/fnut.2024.1463801

Frontiers in Nutrition 08 frontiersin.org

 26. Bar-Yosef C, Weinblatt N, Katz N. Reliability and validity of the cognitive 
performance test (CPT) in an elderly population in Israel. Phys Occup Ther Geriatr. 
(2000) 17:65–79. doi: 10.1080/J148v17n01_06

 27. Mora I, Arola L, Caimari A, Escoté X, Puiggròs F. Structured long-chain Omega-3 
fatty acids for improvement of cognitive function during aging. Int J Mol Sci. (2022) 
23:73472. doi: 10.3390/ijms23073472

 28. Berding K, Carbia C, Cryan JF. Going with the grain: Fiber, cognition, and the 
microbiota-gut-brain-axis. Exp Biol Med. (2021) 246:796–811. doi: 10.1177/1535370221995785

 29. Mohammed SG, Qoronfleh MW. Nuts. Nuts Adv Neurobiol. (2020) 24:395–419. 
doi: 10.1007/978-3-030-30402-7_12

 30. Arab L, Ang A. A cross sectional study of the association between walnut 
consumption and cognitive function among adult US populations represented in 
NHANES. J Nutr Health Aging. (2015) 19:284–90. doi: 10.1007/s12603-014-0569-2

 31. Nooyens AC, Bueno-de-Mesquita HB, van Boxtel MP, van Gelder BM, Verhagen 
H, Verschuren WM. Fruit and vegetable intake and cognitive decline in middle-aged 
men and women: the Doetinchem cohort study. Br J Nutr. (2011) 106:752–61. doi: 
10.1017/S0007114511001024

 32. O’Brien J, Okereke O, Devore E, Rosner B, Breteler M, Grodstein F. Long-term 
intake of nuts in relation to cognitive function in older women. J Nutr Health Aging. 
(2014) 18:496–502. doi: 10.1007/s12603-014-0014-6

 33. Valls-Pedret C, Lamuela-Raventós RM, Medina-Remón A, Quintana M, Corella 
D, Pintó X, et al. Polyphenol-rich foods in the Mediterranean diet are associated with 
better cognitive function in elderly subjects at high cardiovascular risk. J Alzheimers Dis. 
(2012) 29:773–82. doi: 10.3233/JAD-2012-111799

 34. Salama II, Salama SI, Elmosalami DM, Saleh RM, Rasmy H, Ibrahim MH, et al. 
Risk factors associated with mild cognitive impairment among apparently healthy 
people and the role of MicroRNAs. Open Access Maced J Med Sci. (2019) 7:3253–61. doi: 
10.3889/oamjms.2019.834

 35. Zhao X, Yuan L, Feng L, Xi Y, Yu H, Ma W, et al. Association of dietary intake and 
lifestyle pattern with mild cognitive impairment in the elderly. J Nutr Health Aging. 
(2015) 19:164–8. doi: 10.1007/s12603-014-0524-2

 36. Samieri C, Grodstein F, Rosner BA, Kang JH, Cook NR, Manson JE, et al. 
Mediterranean diet and cognitive function in older age. Epidemiology. (2013) 24:490–9. 
doi: 10.1097/EDE.0b013e318294a065

https://doi.org/10.3389/fnut.2024.1463801
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1080/J148v17n01_06
https://doi.org/10.3390/ijms23073472
https://doi.org/10.1177/1535370221995785
https://doi.org/10.1007/978-3-030-30402-7_12
https://doi.org/10.1007/s12603-014-0569-2
https://doi.org/10.1017/S0007114511001024
https://doi.org/10.1007/s12603-014-0014-6
https://doi.org/10.3233/JAD-2012-111799
https://doi.org/10.3889/oamjms.2019.834
https://doi.org/10.1007/s12603-014-0524-2
https://doi.org/10.1097/EDE.0b013e318294a065

	The effect of consuming nuts on cognitive function: a systematic review and meta-analysis of randomized clinical trials
	Introduction
	Method
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Discussion

	References

