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Abstract  
 
Background: DemenUa cases are projected to rise to 153 million worldwide by 2050. Diet is a 
modifiable risk factor, and intervenUons may delay cogniUve decline. No review has synthesised the 
full randomised controlled trial (RCT) evidence across all dietary intervenUons and demenUa stages.  
 
Objec-ve: To criUcally appraise and synthesise evidence of dietary intervenUons on cogniUve 
funcUon across the demenUa disease conUnuum (healthy, at-risk/preclinical, mild cogniUve 
impairment, clinical). 
 
Methods: Following PRISMA guidelines, seven databases and three trial registries were searched for 
RCTs from incepUon to 28 January 2025. Eligible RCTs evaluated mulUdomain (e.g., diet plus 
exercise), whole dietary pamern (e.g., Mediterranean diet), or single food (e.g., blueberries) 
intervenUons ≥ 2-weeks in adults, 18+ years. Data extracUon was triple coded; risk of bias was 
assessed using the Cochrane Risk of Bias (RoB2) tool. NarraUve synthesis was complemented by 
pooled random-effects meta-analysis. Prespecified meta-regression explored reasons for 
heterogeneity. SensiUvity analyses were performed. 
 
Results: Eighty-three RCTs (110 diet intervenUon comparisons; n = 24 063 parUcipants) met 
inclusion criteria. Overall, 190 cogniUve measures were extracted and mapped onto the six DSM-V 
neurocogniUve domains. A total of 885 cogniUve, neuroimaging, and blood biomarker outcomes 
were assessed. Pooled meta-analysis (k = 35) showed a small, significant improvement in global 
cogniUon (Hedges’ g = 0.25, 95%CI: 0.15 to 0.36). MulUdomain (g = 0.25, 95%CI: 0.10 to 0.41) and 
total diet (g = 0.27, 95%CI: 0.10 to 0.44) intervenUons showed benefit; single food intervenUons 
were non-significant. Trial duraUons ≤ 12 weeks (β = 0.59) and presence of cardiometabolic 
comorbidiUes at baseline (β = 0.45) predicted greater cogniUve improvements in mulUdomain 
intervenUons; for total diet intervenUons, lower risk of bias (β = 0.51) moderated effects. 
Neuroimaging revealed benefits in MCI across all intervenUon types. Certainty of evidence was 
rated very low. 
 
Discussion: Dietary intervenUons modestly improve cogniUve funcUon across demenUa stages, with 
mulUdomain and total diet intervenUons showing the most benefit. RCTs during the preclinical 
phase (e.g., MCI) of demenUa in adults with co-occurring cardiometabolic risk are recommended. 
Given substanUal heterogeneity, risk of bias, and measurement inconsistency, internaUonal 
consensus is urgently needed to standardise intervenUon protocols (e.g., duraUon, type, dosage) 
and cogniUve outcome measures to strengthen evidence for demenUa prevenUon and care. 
 
Funding: NIHR Applied Research CollaboraUon Oxford and Thames Valley, NIHR Oxford Health 
Biomedical Research Centre (BRC) 
 
Registra-on: NIHR PROSPERO database (registraUon: CRD42023488336)  
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Introduc-on  

DemenUa is a progressive and neurodegeneraUve clinical syndrome that affects 55 million people 
worldwide and is projected to exceed 153 million by 20501,2. DemenUa is an umbrella term for 
several diseases that impair memory, decision-making and thinking, mood and daily funcUoning, 
with Alzheimer’s disease (AD) as the most common form3. DemenUa prevalence is unequally 
distributed across the world with over 60% of cases in low- and middle-income countries (LMICs)4,5, 
expected to rise to 71% in 20503. In the UK, nearly 1 million people live with demenUa and it has 
been the leading cause of death for the last decade6,7. The economic burden of demenUa is 
substanUal with esUmated global healthcare costs reaching USD $9.2 trillion8, and NHS costs 
projected to triple from £23 billion per year to > £60 billion by 2040 making it the costliest disease 
condiUon exceeding cancer, heart disease and stroke9.   
 
Once diagnosed, demenUa is irreversible. There is currently no known effecUve treatment that 
prevents disease progression. Cholinesterase inhibitors and memanUne are approved 
pharmacotherapies for the management of AD symptoms and demonstrate mixed effecUveness for 
improving paUent symptoms across the demenUa conUnuum, with most benefit gained from 
stabilising or slowing cogniUve decline in AD10,11. Novel amyloid-β protein (Aβ) immunotherapeuUc 
treatments that target amyloid plaques as the primary molecular driver of AD do not demonstrate 
consistent clinical improvements, with meta-analyses showing mixed efficacy12. Behavioural 
intervenUons targeUng modifiable risk factors hold potenUal for demenUa prevenUon, and 
improving quality of life, parUcularly when implemented early in the disease course. 
 
The 2024 report from the Lancet Commission on demenUa prevenUon idenUfied elevated low-
density lipoprotein (LDL) cholesterol as a new modifiable risk factor for demenUa, adding to a 
collecUon of 14 risk factors that explain over 45% of demenUa cases13. When compounded with 
exisUng risk factors of excessive alcohol consumpUon, hypertension, obesity, and diabetes, the 
addiUon of high LDL cholesterol as a new demenUa risk factor reinforces the argument for 
behavioural intervenUons that include a dietary-based component to reduce demenUa risk. The 
2024 Lancet report calls for ambiUous and coordinated efforts to advance demenUa prevenUon, 
ranging from policy change to individually tailored, mulUcomponent intervenUons that address 
clusters of co-occurring modifiable risk factors influenced by diet, including LDL cholesterol and 
hypertension13. The World Health OrganisaUon (WHO) 2020 Guidelines for Risk ReducUon of 
CogniUve Decline and DemenUa similarly emphasise mulUcomponent lifestyle-based approaches to 
target mulUple co-occurring risk factors at the individual and populaUon level14. PrevenUve 
intervenUons that target modifiable risk factors are needed to transiUon from a reacUve ‘break-fix’ 
approach to care that focuses on demenUa symptom management to a proacUve model of 'predict-
prevent' care. 
 
Evidence of the effects of dietary intervenUons on cogniUon remains fragmented. Published review 
arUcles are highly heterogenous across populaUons, intervenUons, and study designs, and 
conclusions are review-specific and do not permit statements about the overall strength of evidence 
to inform clinical pracUce and public health policy. To date, reviews have examined individual 
dietary components, including micronutrients and minerals (e.g., B vitamins15–18, vitamin E16,18,19, 
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vitamin C16, vitamin D16, folic acid16, magnesium20, omega-3 famy acids21–23, nitrate/nitrite24, 
(poly)phenols25–28), macronutrients (e.g., protein29, fibre30, glucose31,32, fat33,34) and single foods 
(e.g., fish35,36, olive oil37,38, blueberry39, nuts40) . Reviews of dietary pa5erns have focused mostly on 
the Mediterranean diet41–49, with others including Dietary Approaches to Stop Hypertension 
(DASH)50,51, Mediterranean-DASH (MIND)42,50–54, ketogenic42,55,56, Nordic57, caloric restricUon and 
weight loss intervenUons58–60, and ultra processed foods61,62. Evidence is sUll emerging for 
mul6domain interven6ons with a dietary component that target several mechanisms and risk 
factors, such as diet and physical acUvity, with or without cogniUve training63–68. Reviews have 
typically focused on one or two populaUons across the demenUa disease conUnuum , either 
targeUng healthy18,29,30,44,69 or at-risk populaUons64,65, or those with mild cogniUve 
impairment18,32,49,68,70, all-type demenUa53, or Alzheimer’s disease32,49,53,56,70. Many review methods 
have been used, including narraUve reviews63,65, systemaUc reviews without meta-
analysis16,19,41,42,45,48,50,51,53–55,57,61,68, meta-analysis of observaUonal studies23,32,33,43,47,49, meta-
analysis of randomised controlled trials15,18,56,64,66–69, dose-response meta-analysis21,70, and network 
meta-analysis and mendelian randomisaUon71.  
 
Despite evidence supporUng a posiUve associaUon between certain dietary pamerns and cogniUve 
funcUon, most of the evidence is from narraUve reviews restricted in scope and target populaUon, 
without meta-analysis, or from meta-analyses of observaUonal studies. Issues of confounding, 
reverse causaUon, and selecUon biases also limit causal inference72. Mendelian randomisaUon 
studies on diet are also limited due to a mismatch between observaUonal and trial evidence, and a 
lack of consensus in classifying dietary pamerns and the dietary dose-response relaUonship70,72. 
Thus, key uncertainUes remain regarding the overall causal effect of diet on cogniUve funcUon, the 
most beneficial intervenUon components and dosage of food or dietary pamern, and at which 
disease stage(s) of demenUa these intervenUons work best.  
 
To our best knowledge, no published synthesis has comprehensively evaluated the enUre body of 
evidence from randomised controlled trials (RCTs) to support definiUve evidence statements of the 
effect of diet on cogniUon, from healthy individuals to diagnosed demenUa. This study addresses 
this gap through the largest systemaUc review and meta-analysis of dietary intervenUons and 
cogniUon to date. Our primary research quesUon was what is the efficacy of dietary interven6ons on 
cogni6ve func6on? AddiUonally, we examined subgroup effects of intervenUon type and duraUon, 
clinical disease stage, and specified sociodemographic factors to ascertain where effect size 
differences are most notable. The present global evidence synthesis with meta-analysis and meta-
regression will contribute to a comprehensive empirical basis to support the 2024 Lancet 
Commission report, provide recommendaUons for conducUng high-quality dietary intervenUon 
trials to support demenUa prevenUon, and inform future clinical guidelines for the prevenUon and 
management of demenUa. 
 
Methods  
 
We followed the Preferred ReporUng Items for SystemaUc reviews and Meta-Analysis (PRISMA) 
guidelines73. A protocol was preregistered with PROSPERO (ID: CRD42023488336). 
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Informa-on Sources and Search Strategy: 
 
A systemaUc electronic search was conducted across seven databases: CINAHL (EBSCOHost, 1982-
present), Cochrane Database of SystemaUc Reviews (Cochrane Library, Wiley) Embase (OvidSP, 
1974-present), MEDLINE (OvidSP 1946-present), PsycINFO (OvidSP 1806-present), Science CitaUon 
Index (Web of Science Core CollecUon, 1900-present), Scopus (Elsevier), and three trial registries: 
WHO ICTRP, ClinicalTrials.gov, and Cochrane Central Register of Controlled Trials (Cochrane Library, 
Wiley) from incepUon to  January 23, 2024 for peer-reviewed RCTs on whole-food dietary 
intervenUons and cogniUve funcUon. A second duplicate search (24 January 2024 - 28 January 2025) 
retrieved 810 addiUonal citaUons. Our search combined relevant keywords and MeSH terms, 
developed with a Primary Care librarian (see Supplementary Table S1). Studies were limited to the 
English language and peer-reviewed publicaUons due to resource constraints.   
 
Eligibility Criteria: 
 
Eligible studies were RCTs (parallel-arm, cluster or factorial) involving adults aged 18 years and older. 
We defined dietary intervenUons as those targeUng modifying a whole dietary pamern (e.g., 
Mediterranean diet) or increased consumpUon of a whole food component (including forUfied or 
blended foods). Micronutrient supplements and medical foods were excluded. Dietary intervenUons 
were categorised into three types: total dietary pamern, daily intake of a single whole food, or a 
mulUdomain intervenUon with a dietary component. Studies with short-term (<14 days) or single 
dose intervenUons were excluded due to our focus on behaviour change74. Studies of adults at any 
stage of the demenUa conUnuum (healthy, preclinical/prodromal, sub-clinical, clinical) were eligible. 
Studies focused on a primary condiUon other than cogniUve impairment (e.g., cancer) were 
excluded. No restricUons were placed on sex. Eligible comparators included no intervenUon (e.g., 
waitlist control), placebo, usual care, or acUve controls. Se}ngs could include in-paUent, hospital, 
long-term care, community, at-home, and virtual or digital modaliUes.  
 
Cogni-ve Outcome Measures: 
 
Eligible studies must have reported at least one cogniUve outcome measure. The primary outcome 
was change in a validated global cogniUve funcUon measure (e.g., Mini-Mental State ExaminaUon 
[MMSE]) from baseline to post-intervenUon. Studies assessing cogniUve subdomains (e.g., memory, 
execuUve funcUon) were also included. When available, brain imaging and blood biomarkers were 
extracted for exploratory analysis. CogniUve outcome measures were extracted and, where 
possible, the measurement validaUon studies were idenUfied. When a study did not use and cite a 
validated measure, we assumed the measure was generated for the purpose of the study by the 
authors and treated it separately. For inclusion in the meta-analysis, studies required a quanUtaUve, 
between-group, pre-post measure of global cogniUve funcUon. Only conceptually comparable 
cogniUve measures were pooled to enhance the interpretability of the meta-analysis. Thus, studies 
that reported only composite z-scores derived from mulUple cogniUve subtests or test bameries 
were excluded from the meta-analysis. Composite scores vary considerably across studies in terms 
of the cogniUve domains included and the weighUng of subtests which introduces substanUal 
heterogeneity.  
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Taxonomy of Cogni-ve Outcome Measures: 
 
Two reviewers (MK, OC) independently reviewed each study, extracted all cogniUve outcome 
measures, and mapped each onto the six DSM-V neurocogniUve domains75: execuUve funcUon, 
complex amenUon, social cogniUon, learning and memory, language, and perceptual-motor funcUon 
to generate a working taxonomy. We searched the arUcle’s reference secUon for validaUon studies 
for each cogniUve outcome measure used to classify the cogniUve domain(s) assessed by each 
measure. Accuracy checks between the two reviewers revealed, 87.4% agreement on coding 
cogniUve outcome measures to the six DSM-V neurocogniUve domains, with 144 discrepancies. 
Most discrepancies in coding occurred in complex amenUon (n = 41, 21.6%) and execuUve funcUon 
(n = 35, 18.4%) due to variaUon in assessment methods (e.g., Umed task vs. error rate) and domain 
overlap.  
 
Study Selec-on: 
 
Study selecUon was conducted using Covidence (2024)76. Four reviewers (MK, OC, EL, HK) 
independently screened Utles and abstracts based on predefined inclusion and exclusion criteria. 
Interrater reliability was adequate (Cohen’s kappa = 0.65). Decision conflicts (n = 387, 6.5%) were 
resolved by consensus among three reviewers. Full-text studies were independently screened by 
the same four reviewers. Interrater reliability was adequate (Cohen's kappa = 0.65) and 
discrepancies (n = 59,7.1%) were resolved by consensus among three reviewers. 
 
Data Collec-on Process: 
 
A standardised data extracUon form was developed, a priori, using Jisc online survey so�ware77 and 
pilot-tested with three reviewers (RR, AH, JC). Two rounds of pilot tesUng were conducted. First, a 
subsample of 10 eligible studies underwent blind extracUon. DefiniUons and terms were revised 
based on iniUal feedback. Then, a new set of 20 eligible studies underwent a second round of blind 
data extracUon. Responses were assessed for accuracy and completeness by two lead authors (MK, 
OC). Full data extracUon then commenced among three reviewers (RR, AH, JC) using an excel 
spreadsheet. All included studies were triple extracted by three reviewers for precision and cross-
checked by lead reviewers (MK, OC). Extracted data included study demographics, intervenUon, and 
outcome characterisUcs, extracted according to the CONSORT Guidelines78,79 in conjuncUon with 
the Template for IntervenUon DescripUon and ReplicaUon (TIDieR) checklist80.  
 
Data Synthesis: 
 
A narraUve synthesis was conducted using three pre-specified summary tables to synthesise study 
and intervenUon characterisUcs, cogniUve outcome measures, and key findings. For intervenUons 
and outcomes, studies were grouped by dietary intervenUon type: mulUdomain, total diet, and 
single food. Only between-group differences in cogniUve funcUon at post-intervenUon were 
extracted and synthesised. As our focus was causal inference between diet and cogniUon, within-
group changes were not extracted due to vulnerability to confounding over Ume.  
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Risk of Bias Assessment: 
 
Risk of bias and study quality were assessed using the Revised Cochrane Risk of Bias (RoB2) Tool81. A 
set of two reviewers (RR, AH, JC, FC) independently rated each trial, with 20% of studies triple coded 
and verified by a lead reviewer (MK, OC). Trials were classified as having low, some concern, or high 
risk of bias across six domains: sequence generaUon, allocaUon concealment, blinding, 
completeness of outcome data, outcome measurement, and selecUve reporUng.  
 
Meta-Analysis: 
 
All quanUtaUve analyses were conducted using RStudio82 (version 2024.04.2), and the Meta-Analysis 
Package for R (metafor)83. Random-effects meta-analysis was conducted to calculate the Hedges’ g 
standardised mean difference (SMD) based on the difference of pre-post change in mean global 
cogniUve funcUon score between the intervenUon and control groups, divided by their respecUve 
standard deviaUon (SD) at baseline84. Considering that several studies reported the SD of pre-post 
change in global cogniUve funcUon, we also calculated the SMD according to the Skvarc and Fuller-
Tyszkiewicz approach85. In this approach, Hedges’ g SMD is calculated as the pre-post difference 
between the intervenUon and control groups, divided by the SD of the pre-post change. Hedges’ g 
calculaUons were performed for all intervenUon comparisons combined, and separately for 
mulUdomain, total diet, and single food comparisons. When standard errors of the mean of 95% 
confidence intervals (Cis) were originally reported, baseline SD was calculated according to 
procedures specified by the Cochrane CollaboraUon86.  We adopted similar procedures to esUmate 
the SD or change from baseline to post-intervenUon SD, or the effecUve sample size in cluster 
RCTs86. For the primary analysis, we assumed a moderate correlaUon of r = 0.5 as a midpoint value 
to avoid over- or under-esUmaUng the variance of SMD esUmates. To assess the robustness of the 
findings to this assumpUon, all Hedges’ g SMD calculaUons were repeated using a range of 
correlaUons from 0.10 to 0.90. All comparisons were expressed as pooled SMD with 95% 
Confidence Intervals (CIs). Effects were considered significant at p <.05. Hedges’ g calculaUons were 
interpreted based on prior recommendaUons: 0.2 = small effect, 0.5 = moderate effect, 0.8 = large 
effect87. Forest plots were presented to illustrate results.  
 
Heterogeneity was evaluated using the Cochran’s Q staUsUc and I2 to quanUfy the percentage of 
variaUon. PublicaUon bias and small study effects were assessed via funnel plots and trim-and-fill 
analysis using Egger’s test. We performed subgroup analysis of pre-specified intervenUon or 
parUcipant-related subgroups using mixed-effects meta-regression. 
 
Mixed-Effects Meta-Regression: 
 
Meta-regression analysis was performed to explore sources of heterogeneity using mixed-effects 
models with maximum-likelihood esUmaUon. For each prespecified moderator, regression models 
esUmated the regression coefficient (β) and 95% CIs to quanUfy the change in effect size relaUve to 
the reference category (R). The omnibus test staUsUc for moderators (QM) and p-value were used to 
assess whether the moderator explained significant variability in effect sizes. StaUsUcal significance 
of regression coefficients indicated the direcUon and magnitude of effect on cogniUve funcUon for 
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specific moderator variables. Heterogeneity was reported using the I² staUsUc and Cochran’s Q 
staUsUc, respecUvely. The proporUon of between-study variance explained by each moderator was 
reported using R2. 
 
Assessment of Minimal Clinically Important Difference (MCID) 
 
To compare mean change scores in global cogniUve funcUon based on cited minimal clinically 
important difference (MCID), between-group mean difference scores for each intervenUon 
comparison were calculated (M intervenUonT1 – M intervenUonT0) – (M ControlT1 – M ControlT0). 
MCID for MMSE equates to a mean change of 1.4 (SD = 0.4) points88, ADAS-Cog mean change score 
of 2.6 (SD = 0.4)88, and MoCA mean change score of 2.15 (SD = 0.5) points89 and have been cited as 
clinically significant. 
 
Certainty Assessments:  
 
Three reviewers (FC, MK, MP) independently assessed the certainty of the evidence using the 
Grading of RecommendaUons Assessment, Development and EvaluaUon (GRADE) tool. Discussion 
with a fourth reviewer (OC) was completed unUl consensus was reached. GRADE evaluates the 
certainty of evidence across mulUple domains including study design, risk of bias, inconsistency of 
results, indirectness, imprecision, and publicaUon bias.  
 
Pa-ent and Public involvement: 
 
This study was shared with the Oxford Health Biomedical Research Centre (BRC) PrevenUng MulUple 
MorbidiUes Theme PaUent and Public Involvement (PPI) Panel in partnership with the McPin 
FoundaUon. The PPI Panel consists of 12 members, aged 19-70 years, 75% women (n = 9), and 50% 
(n = 6) ethnic minority with coexisUng mental and physical health condiUons, carer and paUent 
experience, neurodiversity representaUon, and inpaUent and outpaUent experiences. Feedback 
from the PPI Panel indicated the topic of diet and cogniUon was a high priority. Two PPI members 
elected to provide wrimen, verbal, and lived experience perspecUves on the construcUon of the final 
manuscript and amended two wriUng retreats (July 2024 and July 2025). An addiUonal member of 
the public, a pracUcing clinician (EB), was invited to contribute to the manuscript. Suggested 
revisions included clarifying definiUons of the intervenUon types and outcome measurement 
summary, revisions to the introducUon secUon, and a PPI “call to acUon” to discuss the implicaUons 
of the findings and the issues researchers should consider from a lived-experience and public 
perspecUve.  
 
Results  
 
Database Search Results: 
 
Figure 1 shows the PRISMA flow diagram of the search results. A total of 17,727 citaUons were 
idenUfied across CINAHL (n = 2141), ClinicalTrials.gov (n = 1043), Cochrane Central Register of 
Controlled Trials (n = 2638), Embase (n = 3559), MEDLINE (n = 4117), PsycINFO (n = 882), Science 
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CitaUon Index (n = 750), Scopus (n = 1995), WHO ICTRP (n = 590), and other sources (n = 12). A�er 
removing 11,778 duplicates and ineligible records, 5,949 Utles and abstracts were screened.  Of 
these, 831 full-text arUcles were retrieved and assessed for eligibility of which 739 studies were 
excluded. Overall, 92 publicaUons from 83 RCTs (110 intervenUon arm comparisons; 24,063 
parUcipants) met inclusion criteria. Secondary publicaUons of main trials are listed in 
Supplementary Table S2. A total of 35 intervenUon comparisons from 25 studies (30.1%) provided 
sufficient data for meta-analysis. Authors of studies with missing data were contacted to request 
missing data and five (14.7%) shared addiUonal data. Reasons for missing data from authors 
included non-response, the requested data was unavailable, inacUve corresponding author email, 
maternity leave, or too busy.  
 

 
 

Figure 1. PRISMA flow diagram of systemaUc database searches, screening and studies included 
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Study Characteris-cs and Demographics of included RCTs (n = 83): 
 
Supplementary Table S3 outlines the descripUve characterisUcs of the 83 RCTs90–172. Most trials (n = 
36, 43.4%) were conducted in North America (USA: n = 34, Canada: n = 1, Mexico: n = 1) followed by 
21 studies (23.3%) in Europe and Central Asia (EU: n = 10, UK: n = 6, Finland: n = 2, Denmark: n =1, 
Iceland: n = 1, Norway: n = 1), 19 studies (22.9%) in East Asia and Pacific (Australia: n = 8, Japan: n = 
3, South Korea: n = 2, Taiwan: n = 2, China: n =1, Malaysia: n = 1,  Indonesia: n = 1, Thailand: n = 1), 
three studies (3.6%) in Middle East and North Africa (Iran: n = 2, Tunisia: n = 1), and two studies 
(2.4%) in South Asia (India: n =1, Pakistan: n =1) and LaUn America (Brazil: n = 2, 2.4%), respecUvely 
(Figure 2). Most studies (n = 72, 86.7%) were conducted in high income countries, with 8 (9.6%) 
conducted in upper-middle income countries, and only 3 (3.6%) conducted in low-middle income 
countries (LMICs).  

 
Figure 2. Geographic representaUon of primary studies included in the systemaUc review (k = 83) 
 
Of the 24,063 parUcipants enrolled across the included studies, 18,266 completed the RCT, yielding 
an overall study compleUon rate of 75.7%. Sample sizes ranged from 13133 to 6104102. The overall 
mean age of parUcipants was 63.3 years (SD = 14.7). Eighty-one (97.6%) studies reported sex with 
an average of 61.2% female parUcipants (range = 0% to 100%). More than half of studies did not 
report ethnicity of study parUcipants. Where reported, 20.7% of parUcipants were from a non-
White background. Most studies included cogniUvely normal, healthy parUcipants (n = 49, 59.0%), 
followed by diagnosed MCI (n = 17, 20.5%), at-risk parUcipants (n =10, 12.4%), and diagnosed 
Alzheimer’s disease (n = 1, 1.2%). Six studies (7.2%) reported blended samples, either cogniUvely 
normal/MCI (n = 2), or MCI/Alzheimer’s disease (n = 4). A total of 30 studies (36.1%) examined 
parUcipants with a co-occurring condiUon, the most common being overweight/obesity (n = 20, 
24.1%).   
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Interven-on Characteris-cs (k = 110):  
 
The intervenUon characterisUcs across 83 trials are summarised in Supplementary Tables S4a-S4c. A 
total of 110 diet-based intervenUon arm comparisons were summarised: mulUdomain intervenUon 
arms (k = 35); total diet intervenUon arms (k = 39); single food intervenUon arms (k = 36). 
 
Mul6domain Interven6ons (n = 30, k = 35) 
 
Thirty studies90,96,102,107,110,114,116,121,123,126,127,134,135,138,140,142,143,147–151,156,159,163–166,171,172 examining 35 
mulUdomain intervenUon arm comparisons were evaluated (Supplementary Table S4a). AmriUon 
rates were higher in intervenUon groups (32.1%, baseline n = 7028; post-intervenUon n = 4775) than 
controls (24.1%, baseline n = 6290; post-intervenUon n = 4771).  Most studies (n = 16, 53.3%) 
enrolled cogniUvely normal parUcipants at baseline102,107,110,114,116,121,123,126,127,135,138,140,143,149,163,171, 
with others including at-risk (n = 5, 16.7%)90,135,147,150,172, mild cogniUve impairment (MCI) (n = 6, 
20.0%), 96,142,148,159,164–166, or blended samples with MCI or early-stage Alzheimer's disease (n = 3, 
7.2%)134,151,156. 
 
The most common dietary intervenUons were NaUonal NutriUon Guidelines (NNG) (n = 9, 30.0%) 
90,114,127,135,143,150,159,165,172 and the  Mediterranean Diet (MEDI) (n = 7, 23.3%) 102,107,110,116,121,142,166, 
followed by MIND (n = 3, 10%)134,147,156 and DASH (n = 3, 10%)96,163,164. Less frequent dietary 
intervenUons were also reported: caloric restricUon138,149, high-fibre diet140,171, intermiment 
fasUng123, a vegan-based diet151, and a study-generated diet approach148 . Most studies (n = 28, 
93.3%) provided guided nutriUon support, with two offering parUal support either through 
automated SMS text message102 or minimal guidance at baseline and end of study only116.  
 
All 30 studies combined diet with up to six addiUonal components. Components varied widely and 
included aerobic exercise, resistance training, or combined exercise, cogniUve training, social 
engagement, stress management techniques, vascular risk management, GP consultaUons, goal 
se}ng, and/or therapy sessions. IntervenUon duraUon ranged from 8 weeks110 to 208 weeks (4 
years)127, with half (n = 15, 50.0%) lasUng 12-24 weeks96,107,114,116,121,123,126,138,147,148,151,163–165,171, and 
others spanning <12 weeks (n = 5, 16.7%)110,134,140,142,143, 1 year (n = 4, 13.3%)102,135,149,166, or >1 year 
(n = 6, 20%)90,127,150,156,159,172. 
 
Control condiUons included passive controls (n = 13, 43.3%) such as placebo, minimal/no 
intervenUon90,110,116,123,126,127,138,149,163–166,171, acUve controls (n = 7, 23.3%) including amenUon-
matched and low-intensity acUve comparators 96,102,107,121,135,142,148, waitlist controls (n = 5, 16.7%) 
either alone or combined with TAU 134,140,143,147,151, and treatment as usual (TAU) (n = 5, 
16.7%)114,150,156,159,172, including one study where general health educaUon was delivered as part of 
usual care172.  
 
Total Diet Interven6ons (n = 33, k = 39) 
 
Thirty-three studies91,93–96,101,103,109,113,116–121,123,125,127,129,136–139,149,155,162–164,166–169,171 evaluaUng 39 
total diet intervenUon comparisons were included (Supplementary Table S4b). AmriUon rate was 
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equivalent in intervenUon groups (17.2%, baseline n = 4094; post-intervenUon n = 3389) compared 
to control groups (17.6%, baseline n = 3638, post-intervenUon n = 2998).  Most studies (n = 25, 
75.8%) enrolled cogniUvely normal parUcipants91,93–95,101,109,113,116,119,120,123,125,127,136–

139,149,155,162,163,167–169,171, followed by MCI (n = 6, 18.2%) 95,96,117,129,164,166, and blended samples (n = 2, 
6.1%), either  cogniUvely normal/MCI118 or MCI/early AD103.  
 
Thirteen unique dietary pamerns were explored. The most common was the Mediterranean diet (n = 
9 studies, 33.3%; n = 14 intervenUon arm comparisons, 39.4%)116,118,121,125,137,139,166,168,169, followed 
by a ketogenic-based diet (n = 5, 12.8%) including the Atkins diet or very low carbohydrate/high fat 
protocol;101,103,113,129,136 and caloric restricUon (CR) diet (n = 5, 12.8%)117,138,149,162,  intermiment 
fasUng (n = 4, 10.3%)94,120,123,155, DASH (n = 3, 7.7%)96,163,164, low fat (n = 2, 5.1%)109,169, MIND with 
CR (n = 2, 5.1%)91,93, NNG (n = 2, 5.1%)95,127, study-generated custom diets (n = 2, 5.1%)155,167, high 
fibre (n = 1, 2.6%)171, high protein (n = 1, 2.6 %)119, or low-calorie liquid diet (n = 1 , 2.6 %)138.  
IntervenUon duraUons ranged from 3 weeks119 to 442 weeks (8.5 years)109. Most intervenUon 
duraUons were between 12-24 weeks (n = 13, 39.4%)91,95,103,116,121,123,125,138,155,163,164,169,171, with 
others spanning less than 12 weeks (n = 5, 15.2%)113,118–120,129, 24-52 weeks (n = 9, 
27.3%)94,96,101,117,136,137,149,166,167, and >1 year (n = 6, 18.2%)93,109,127,139,162,168. Most studies provided 
guided nutriUon support (n = 30, 91%), with three studies providing no support94,116,119. 
 
Control condiUons varied and included passive controls (n = 16, 
48.5%)94,96,109,116,117,120,121,123,125,127,137,149,155,162–164, acUve controls (n = 13, 39.4%), 
91,93,101,103,113,118,119,129,136,138,139,166,168.  waitlist controls (n = 2, 6.1%),)169,171,  and TAU (n = 2, 6.1%) 
95,167.  
 
Single Food Interven6ons (n = 31, k = 36) 
 
Thirty-one studies92,97–100,104–106,108,111,112,115,122,124,128,130–133,141,144–146,152–154,157,158,160,161,170 examining 
36 single food intervenUon arm comparisons were synthesised (Supplementary Table S4c). AmriUon 
was lower in the intervenUon arm (13.1%, baseline n = 1278; post-intervenUon n = 1118) compared 
to the control arm (17.3%, baseline n = 1237; post-intervenUon n = 1023). Most studies enrolled 
cogniUvely normal parUcipants (n = 22, 71.0 %)92,98–100,105,108,111,122,124,131,132,141,144–146,152–

154,157,158,160,170, followed by MCI (n = 8, 25.8%)97,104,112,115,128,130,133,161 and Alzheimer's disease (n = 1, 
3.2%)106. 
 
Single food intervenUons were categorised into four groups: Fruits and Vegetables, Nuts and Seeds, 
Oils and Fats, and Meat and Alterna6ve Protein. Most intervenUons tested Fruits and Vegetables (n 
= 21, 67.7%)92,97–100,105,108,112,124,128,130–133,144–146,157,158,161,170. Of these, most (n = 20, 95.2%) examined 
fruit consumpUon, primarily blueberries, with only one study invesUgaUng vegetable consumpUon 
(beetroot)92. Seven intervenUons (22.6%) invesUgated Nuts and Seeds (e.g., almonds, walnuts, 
peanuts, and Brazil nuts)104,111,122,152–154,160, followed by Oils and Fats (n = 2, 6.5%) like coconut oil or 
extra virgin olive oil consumpUon106,141, and Meat and Alterna6ve Protein, where one intervenUon 
examined a meat alternaUve, tempeh115.   
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IntervenUon duraUons ranged from 4-weeks99,146 to 104 weeks (2-years)160. Four studies (12.9%) 
assessed trials <12 weeks98,99,122,146, 24 studies (77.4%) evaluated trials between 12-24-weeks (6-
months)92,97,100,104–106,108,111,112,115,124,128,130–133,144,145,152–154,157,158,170; two studies (6.5%) examined 52-
week (1-year) trials141,161, and only one study160 (3.2%) had a 2-year intervenUon period.  Most 
intervenUon arms (n = 26, 83.9%) did not include guided support. DieUUan support was included in 
in five studies (16.1%)99,111,141,157,160.  Most studies used a placebo control (n = 20, 64.5%)92,97–

100,105,106,108,112,124,128,130–133,144,145,158,161,170, followed by an acUve control (n = 6, 
19.4%)111,115,122,141,152,153, and passive control (n = 5, 16.1%)104,146,154,157,160. 
 
Taxonomy of Cogni-ve Outcome Measures: 
 
A total of 190 unique cogniUve outcome measures were extracted, reflecUng high variability in 
outcome measurement. Twenty-five cogniUve outcome measures (13.2%) assessed four or five of 
the six DSM-V neurocogniUve domains and were classified as measures of global cogniUve funcUon 
(Figure 3). The most frequently used validated global cogniUve funcUon outcome measures were 
the Mini-Mental State ExaminaUon (MMSE; n = 22, 23.9%), Montreal CogniUve Assessment (MoCA; 
n = 10, 10.9%), and Clinical DemenUa RaUng (CDR; n = 8, 8.7%). Sixteen studies (17.4%) used a study 
generated composite score to represent global cogniUve funcUon. None of the cogniUve outcome 
measures evaluated all six DSM-V neurocogniUve domains. The most common DSM-V 
neurocogniUve domains assessed by cogniUve outcome measures were learning and memory (n = 
119, 62.6%), followed by complex amenUon (n = 90, 47.4%), execuUve funcUon (n = 88, 46.3%), 
perceptual-motor funcUon (n = 81, 42.6%), language (n = 33, 17.4%), and social cogniUon (n = 5, 
2.6%) (Supplementary File Table S4). The remaining 165 cogniUve outcome measures were 
classified as measures of non-global cogniUve funcUon (≤ 3 DSM-V neurocogniUve domains) with 
most of these measures mapping to two DSM-V neurocogniUve domains (n = 72, 37.9%), a single 
DSM-V neurocogniUve domain (n = 59, 31.1%), or three DSM-V neurocogniUve domains (n = 34, 
17.9%), respecUvely. Measures of non-global cogniUve funcUon were summarised as single-domain 
cogniUve outcome measures (Supplementary File Table S5).  
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Figure 3. Measures of global cogniUve funcUon mapped onto the DSM-V six neurocogniUve domains 
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Summary of Study Outcomes:  
 
Supplementary Tables 6a-c summarises the intervenUon effects on a total of 885 cogniUve outcome 
measures of interest including our primary outcome, global cogniUve funcUon (k = 79, 7.9%), single-
domain cogniUve funcUon (k = 457, 51.6%), brain imaging (k = 59, 6.7%), and blood biomarkers (k = 
299, 33.8%).  
 
Primary Outcome: Global Cogni:ve Func:on  
 
Across 47 (56.6%) studies, 79 global cogniUve funcUon (GCF) outcomes were reported 
(Supplementary Tables 6a-6c). Of these, 57.0% (45/79) showed no significant between-group 
differences at post-intervenUon, while 31.6% (25/79) favoured the intervenUon, mostly from 
mulUdomain studies (k = 17, 68.9%). Nine outcomes (11.4%) from seven studies were menUoned in 
the methods but not reported97,112,115,121,127,133,156. 
 
Mul6domain Interven6ons  
 
Thirty-six GCF outcomes were reported across 21 mulUdomain 
studies90,93,96,102,110,114,116,121,123,127,135,142,147,149–151,156,159,163,165,172. Three studies did not provide 
between-group findings121,127,156.  Of the remaining, 51.5% (17/33) showed significant post-
intervenUon benefits for the intervenUon group compared to controls while 48.5% (16/33) did not.  
CogniUve status did not appear to influence outcomes. Non-significant results were similar in 
cogniUvely normal (68.6%) and cogniUvely impaired (MCI/AD) (63.6%) groups. Likewise, significant 
effects were comparable between normal (31.4%) and impaired (MCI/AD) (36.4%) groups. Results 
varied by the cogniUve outcome measure used (Supplementary Table S6a).   
 
Total Diet Interven6ons  
 
Twenty-seven GCF outcomes were reported across 20 total diet studies93–96,103,109,116–

121,123,127,137,139,149,163,167,168. Most (n = 21, 77.8%) showed no significant between-group differences at 
post-intervenUon (see Table 3b), while 18.5% (5/27) favoured the intervenUon. One study did not 
report between-group post-intervenUon results121. Findings varied by diet type and cogniUve 
measure. CogniUve status had no apparent influence on outcomes (Supplementary Table S6b). 
 
Single Food Interven6ons  
 
Sixteen GCF outcomes were reported across 12 single food studies 
 92,97,104,106,112,115,122,133,141,154,157,160. Half (8/16) showed no significant between-group differences, 
while 18.8% (3/16) favoured the intervenUon. Five outcomes from four studies were not reported. 
97,112,115,133. Results appeared to vary by cogniUve measure. Studies using MoCA122,157 showed 
significant improvements in favour of the intervenUon group, while four studies using MMSE 
reported no effect106,112,141,157. CogniUve status did not appear to influence outcomes 
(Supplementary Table S6c). 
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Non-Global, Single-Domain Cogni:ve Func:on Outcomes  
 
There were 457 single-domain cogniUve outcome results from 71 studies (85.5%). Most (k = 296, 
64.8%) showed no significant post-intervenUon differences, while 19.7% (k = 90) favoured the 
intervenUon. Sixty-nine (15.1%) outcomes from 12 studies were menUoned in the methods but not 
reported 101,103,113,115,117,121,144,145,155,158,164,166. Two outcomes favoured the control condiUon105,169. 
One study linked adverse effects in the intervenUon group to larger reducUons in cholesterol169, and 
another reported high amriUon (45%) due to GI issues106. CogniUve status did not appear to 
influence results. Non-significant findings were similar across cogniUvely normal (76.2%) and 
cogniUvely impaired (MCI/AD) (76.5%) groups, with comparable rates of significant effects among 
the same groups (Normal = 23.1% vs. MCI/AD 23.5%). IntervenUon type appeared to influence 
outcomes. MulUdomain intervenUons had the highest proporUon of significant between-group 
differences (33.7%) compared to total diet (20.2%) and single food (19.5%). Both total diet (78.8%) 
and single food intervenUons (80.1%) had a majority of non-significant results (Supplementary Table 
S6a-c) 
 
Brain Imaging 
 
Sixty-five brain imaging results were extracted across 14 studies (mulUdomain n = 2, total diet n = 3, 
single food n = 9). Of the 59 reported results, most were from funcUonal magneUc resonance 
imaging [fMRI/MRI] (n=43, 72.9%), followed by electroencephalogram[EEG] (n=6, 10.2%), 
quanUtaUve and funcUonal near infrared spectroscopy [qNIRS, fNIRS] (n=6, 10.2%), positron 
emission tomography [PET] (n=3, 8.8%) and transcranial Doppler ultrasound (n=1, 2.9%).  Six results 
(9.2%) from three studies97,133,134 were menUoned in the methods but not reported. Overall, 54.2% 
(32/59) brain imaging results showed significant post-intervenUon effects favouring the intervenUon 
group, while 45.8% (27/59) were non-significant Brain regions assessed varied, with the  
hippocampal region (n=5), gyrus (n=4), cerebral blood flow (n=4), corUcal thickness/volume (n=3), 
parietal cortex (n=3), and thalamus (n=2) most commonly reported.  CogniUve status appeared to 
influence outcomes. ParUcipants with cogniUve impairment (MCI/AD) showed a much higher 
proporUon of significant posiUve effects in favour of the intervenUon (91.7%) compared to 
cogniUvely normal parUcipants (28.6%). IntervenUon type did not appear to influence results 
(Supplementary Tables S6a-c). 
 
Blood Biomarkers 
 
A total of 345 blood biomarker results were extracted (see Tables 3a-c) across 43 studies. Forty-six 
blood biomarker results (13.3%) from nine studies were menUoned in the methods but not 
reported99,104,106,113,117,127,140,165,167. Most blood biomarker results (216/299, 72.2%) showed no 
significant between-group differences at post-intervenUon, while 27.4% (82/299) favoured the 
intervenUon, most commonly showing improved cholesterol (n=17), insulin (n=11), AD pathology 
biomarkers (n=5), and BDNF (n=3). One result (fasUng insulin) favoured the control group, amributed 
to sugar intake from the prescribed fruit128.  CogniUve status may have influenced outcomes. 
ParUcipants with cogniUve impairment showed more significant effects (31.0%) and fewer non-
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significant results (68.4%) than cogniUvely normal parUcipants (23.6% and 76.4%, respecUvely). 
IntervenUon type appeared to have no influence (Supplementary Tables 6a-c).   
 
Risk of Bias: 
 
MulUdomain intervenUon comparisons 
 
The Cochrane RoB2 assessment indicated that most mulUdomain studies performed well 
methodologically (Supplementary Figure S1). Bias was generally “low”, or with “some” risk of bias 
amributed to randomisaUon, adherence, missing data, measurement, and reporUng. Overall, 25% of 
study comparisons were low overall risk, and 44.4% had “some” concerns (Figure 4a). A small 
proporUon of studies (30.6%) were rated high-risk mainly amributed to missing data or 
measurement concerns90,107,114,116,121,127,140,148 (Supplementary Figure S1). 

 
Figure 4a. Overall Risk of Bias for MulUdomain studies  
 
Total diet intervenUon comparisons 
 
Total diet intervenUons showed higher bias than mulUdomain intervenUons with most studies 
having at least “some” concerns (Figure 4b). Primary issues were due to randomisaUon and 
outcome measurement, as well as bias from missing outcome data and deviaUons from intended 
intervenUons (Supplementary Figure S2). For overall risk, nearly 33.3% of the study comparisons 
showed “high” risk of bias, and 58.3% showed “some concerns” of bias. Only 10.4% of intervenUon 
comparisons were rated as “low” risk of bias96,155,166, highlighUng more variability in study quality.   

 
Figure 4b. Overall Risk of Bias for Total Diet studies 
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Single food intervenUon comparisons 
 
Single food intervenUons showed the highest risk of bias (Figure 4c). Across all domains, most 
studies had “some concern” or “high” risk of bias mainly from randomisaUon, missing outcome 
data, and protocol deviaUons (Supplementary Figure S3). Overall, over half (55.6%) of the 
comparisons were rated “high” risk of bias, and 41.7% showed “some concerns” of bias. Only one 
study was classified as overall “low” risk of bias124 highlighUng substanUal methodological 
challenges in single food intervenUon studies. 
 

 
Figure 4c. Overall Risk of Bias for Single Food studies 
 
Cluster RCTs 
 
Four cluster RCTs110,126,135,172 were assessed with the Cochrane RoB2 tool for cluster trials 
(Supplementary Figure S4). All showed low risk of bias for Uming of randomisaUon, handling of 
missing data, and outcome measurement. However, most cluster RCTs had “some concern” of bias 
for the randomisaUon process resulUng in an overall “some concern” for risk of bias (Figure 4d).   
 

 
Figure 4d. Overall Risk of Bias for Cluster RCT studies 
 
Meta-Analysis Results: 
 
Overall Main Effects (k = 35) 
 
A meta-analysis of 35 dietary intervenUon comparisons from 25 studies was conducted using a 
random-effects model (residual maximum likelihood (REML) esUmator). As seen in Figure 5, the 
pooled, adjusted effect size showed a staUsUcally significant, small posiUve effect (Hedges’ g = 0.25; 
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95% CI: 0.15-0.36) for dietary intervenUons on global cogniUve funcUon (z = 4.87, p <.0001). There 
was moderate heterogeneity (I2 = 40.9%) suggesUng the effect sizes were due to heterogeneity 
rather than sampling error. The Q-test for heterogeneity was significant (Q(34) = 67.74, p = .0005) 
indicaUng considerable between-study variability. The Egger test for publicaUon bias showed 
significant funnel plot asymmetry (t = 3.35, df = 33, p = 0.002) and potenUal small-study effects or 
publicaUon bias (Supplementary Figure S5). SensiUvity analyses were conducted with correlaUons 
between 0.10 to 0.90. All resulUng effect sizes (range: g = 0.17 to 0.33) fell within the 95% 
confidence interval of the primary analysis, indicaUng the overall findings were robust to variaUons 
in the assumed pre-post correlaUon of 0.5 (Supplementary Table S7). 
 

Figure 5: Meta-Analysis Forest Plot of the Pooled Effects of Dietary IntervenUons (k = 35) on Global 
CogniUve FuncUon 
 
Meta-Analysis for MulUdomain IntervenUons (k = 15) 
 
As seen in Figure 6, meta-analysis of 15 mulUdomain dietary intervenUon comparisons showed a 
small, staUsUcally significant improvement in global cogniUve funcUon in favour of the intervenUon 
(Hedges’ g = 0.25, 95%CI: 0.10-0.41, p = .002). There was substanUal heterogeneity (I2 = 67.5%) 
among included studies suggesUng variability in effects across studies. The Q staUsUc was significant 
(Q(14) = 32.4, p = .004) further indicaUng notable between-study variability. Egger’s test for 
publicaUon bias was significant (t = 3.58, p = .003) suggesUng funnel plot asymmetry 
(Supplementary Figure S6) and likelihood of small-study effects and potenUal publicaUon bias.  
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Figure 6: Meta-Analysis Forest Plot of the Pooled Effects of MulUdomain Dietary IntervenUons (k = 
15) on Global CogniUve FuncUon 
 
Meta-Analysis for Total Diet IntervenUons (k = 11) 
 
As seen in Figure 7, meta-analysis of Total Diet intervenUon comparisons (k = 11) showed a 
significant small posiUve effect (Hedges’ g = 0.27, 95%CI: 0.10-0.44, p = .0021) on global cogniUve 
funcUon in favour of the intervenUon group. There was low heterogeneity across studies (I2 = 
30.6%). The Q-staUsUc was borderline insignificant (Q(10) = 17.51, p = 0.06) suggesUng a possibility 
of some variability in effect sizes across studies. Egger’s test indicated significant funnel plot 
asymmetry (t = 3.41, p = .008) suggesUng potenUal for publicaUon bias (Supplementary Figure S7). 
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Figure 7: Meta-Analysis Forest Plot of the Pooled Effects of Total Dietary IntervenUons (k = 11) on 
Global CogniUve FuncUon 
 
Meta-Analysis for Single Food Dietary IntervenUons (k = 9) 
 
A total of 9 single food intervenUon comparisons were included in the meta-analysis (Figure 8). 
Results showed a non-significant effect on global cogniUve funcUon (Hedges’ g = 0.27, 95%CI: -0.13-
0.66, p = 0.18). SubstanUal heterogeneity was observed across studies (I2 = 67.1%; Q(8) = 21.11, p = 
0.007) suggesUng considerable between-study variability. Egger’s regression test for funnel plot 
asymmetry was not significant (t = 0.17, p = 0.87) indicaUng no evidence of publicaUon bias 
(Supplementary Figure S8). 
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Figure 8. Meta-Analysis Forest Plot of the Pooled Effects of Single Food IntervenUons (k = 9) on 
Global CogniUve FuncUon 
 
Meta-Regression Analysis: 
 
Subgroup analyses revealed disUnct pamerns of moderator effects based on intervenUon type 
(Supplementary Table S8). For mulUdomain intervenUon comparisons (k = 15), significant 
moderaUon by intervenUon duraUon, (QM = 15.36, p < .001), comorbidity status (QM = 4.24, p = 
.04), and instrument type (QM = 5.87, p = .02) were found. Shorter intervenUon duraUons (≤12 
weeks) produced the largest posiUve effects (β = 0.59, p < .001) compared to longer intervenUons 
(>52 weeks) which were associated with negaUve effects (β = -0.52, p = .002). ParUcipants with 
cardiometabolic comorbidiUes saw larger gains in cogniUon (β = 0.45, p = .04) compared to 
parUcipants without comorbidiUes (β = 0.18, p = .009). Studies using MMSE detected more 
conservaUve effects (β = 0.11, p = .01) than other global cogniUve measures (β = 0.28, p = .02). 
 
Total diet intervenUons (k = 11) were significantly moderated by risk of bias (QM = 7.41, p = .007), 
diet type (QM = 10.88, p = .05) and intervenUon duraUon (QM = 6.35, p .04). Low/moderate risk of 
bias studies had substanUally larger effects (β = 0.51, p < .001) compared to high risk of bias studies 
that indicated negaUve effects (β = -0.41, p < .001). Only one diet category emerged as staUsUcally 
significant, and the comparisons were underpowered. A study-generated diet137 to reduce advanced 
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glycaUon end products (AGE) showed a staUsUcally significant effect (β = 1.25, p = .002). For 
intervenUon duraUon, no single duraUon category emerged as staUsUcally significant (p > .05), but 
the overall moderaUon suggests variability in effects across Umeframes with duraUons of 24-52-
weeks trending with the highest effects. No other moderators were staUsUcally significant (p > .05). 
 
Single food intervenUons (k = 9), had no moderators with a staUsUcally significant QM, indicaUng 
none of the tested factors explained variability in effect sizes for this intervenUon type.  
 
Assessment of Minimal Clinically Important Difference (MCID): 
 
Overall, 21 intervenUon comparisons assessed cogniUon using MMSE and findings revealed 
between-group mean difference in MMSE score did not reach MCID (DM = 1.01). However, when 
examining cogniUvely impaired samples only (k = 6)103,112,115,134,159,173, between-group difference in 
MMSE score (DM = 1.82) did reach MCID of 1.4 points, with 2 of these comparisons achieving MCID 
>2 MMSE points93,115 and 2 reaching MCID >3 points103,115,173. Seven intervenUon 
comparisons110,122,123,135,156 assessed cogniUon using the MoCA and between-group mean change 
score did not reach MCID (DM = 1.12). CogniUve status or intervenUon type had no influence. Only 
one intervenUon comparison with parUcipants diagnosed with MCI133 assessed cogniUon using 
ADAS-Cog and the change score (DM = -3.71) did reach the MCID of -2.6 points.  
 
GRADE Certainty of Evidence:  
 
Mul6domain interven6ons 
The certainty of evidence for mulUdomain intervenUons on global cogniUve funcUon was rated very 
low. SensiUvity analysis showed no effect size differences by risk of bias, but substanUal 
heterogeneity (I2 = 67.5%) indicated variability across studies. VariaUon in components, dosage, and 
follow-up contributed to indirectness. The overall CI did not cross zero, but spanned values above 
and below the MCID, with most comparisons (11/15) crossing zero, indicaUng imprecision. Funnel 
plot asymmetry and Egger's test suggested publicaUon bias. Certainty was downgraded for 
inconsistency, indirectness,  imprecision, and suspected publicaUon bias (See Supplementary File 
Table S9a). 
 
Total diet interven6ons 
For total diet intervenUons, certainty was also very low. All studies had high or some risk of bias. 
Low heterogeneity (I2 = 30.6%) suggested limited variability, but differences in intervenUon type, 
dosage, comparators, and outcomes contributed to indirectness. The overall CI did not cross zero, 
but spanned values above and below the MCID. Most studies (6/11) had CIs that crossed zero, 
indicaUng imprecision. Funnel plot asymmetry and a significant Egger's test suggested publicaUon 
bias. Certainty was downgraded for risk of bias, indirectness, imprecision, and publicaUon bias (See 
Supplementary File Table S9b).  
 
Single food interven6ons 
For single food intervenUons, certainty was rated very low. Most studies (55.6%) and comparisons 
(7/9) had high risk of bias. SubstanUal heterogeneity (I2 = 67.1%) indicated variability in effects 
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across studies. The overall CI crossed zero and most comparisons (7/9) included CIs reflecUng both 
harm and benefit. Small sample sizes further increased imprecision. No publicaUon bias was found. 
Certainty was downgraded two levels each for risk of bias and imprecision, and one level each for 
inconsistency and indirectness (See Supplementary File Table S9c).  
 
Discussion  
 
This systemaUc review and meta-analysis synthesised data from 83 disUnct trials, 24 063 
parUcipants,  and 110 intervenUon comparisons. Meta-analyUc results from 35 dietary intervenUon 
comparisons demonstrated a small, staUsUcally significant posiUve effect on global cogniUve 
funcUon (g = 0.25, 95%CI: 0.15 to 0.36). MulUdomain intervenUons that combined diet with other 
lifestyle modificaUons consistently produced the most robust cogniUve gains. Total diet 
intervenUons showed similar effects, while single food intervenUons generally produced null or 
inconsistent results, likely reflecUng the challenges of standardising diet intake and maintenance of 
an adequate control. 
 
The overall effect size is consistent with previous meta-analyses of dietary intervenUons reporUng 
small to moderate cogniUve benefits174,175, parUcularly in MCI175. A prior review of 28 mulUdomain 
studies found a significant effect on global cogniUon and single domains (execuUve funcUon, 
memory, and verbal fluency) compared to single intervenUons, although only two studies included a 
nutriUon component of supplements67. Another review of 17 mulUdomain studies (88.2% included 
a nutriUon component) showed small effects on demenUa risk (6 RCTs) and cogniUve composite 
scores (7 RCTs), but in contrast to our findings, found no significant improvement in global cogniUon 
(9 RCTs), possibly due to a smaller pooled sample size or a focus on healthy, at-risk or frail older 
adults, without cogniUve impairment64.  
 
We found that total diet intervenUons modestly improve global cogniUon, whereas single food 
intervenUons show no benefit, extending prior research. No prior meta-analysis of RCTs has 
examined the overall effects of any dietary pamern or single food. One meta-analysis examined any 
dietary pamern as a single intervenUon (e.g., Mediterranean, low carbohydrate diet, calorie 
restricUon) or as part of a mulUdomain intervenUon and found a small effect on global cogniUve 
funcUon (10 RCTs, SMD=0.14, 95% CI 0.01-0.27, p=0.03) in healthy adults69, although the 
independent contribuUon of dietary pamerns versus mulUdomain studies to the overall effect was 
unclear. Two meta-analyses of single food intervenUons, one invesUgaUng nut consumpUon (5 
RCTs)40 and the other (poly)phenol supplementaUon (23 RCTs)27, both found a non-significant effect 
on cogniUve funcUon (global and single domain) and execuUve funcUon, respecUvely, consistent 
with our null findings for any single food. These converging null findings highlight a gap between 
scienUfic evidence and public percepUon. Single food items are frequently marketed as ‘superfoods’ 
for demenUa prevenUon, but this narraUve may be overstaUng benefits and misdirect public health 
efforts. RedirecUng the focus towards evidence-based strategies, such as total dietary pamern and 
mulUdomain lifestyle approaches, may offer greater promise for demenUa risk reducUon than single 
food consumpUon. 
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New evidence published a�er our search cut-off further supports our findings. The US POINTER 
Trial176, a 2-year large, mulU-site RCT with 2,111 older adults at-risk for cogniUve decline, showed 
that a structured, mulUdomain lifestyle intervenUon (MIND diet, exercise, cogniUve and social 
engagement, and cardiovascular monitoring) delivered by trained navigators and peer supporters 
produced greater gains (z-score change = 0.243) in global cogniUon compared with a lower-
intensity, self-guided program (z-score change = 0.213). Benefits were strongest for adults with 
lower baseline cogniUon, consistent with our findings. Structured support aligns with prior evidence 
that health coaching enhances parUcipant engagement, self-efficacy, and intervenUon adherence in 
chronic disease management177. In accordance with our protocol and PRISMA guidance, the 
POINTER Trial was not included in our quanUtaUve synthesis, but the magnitude and direcUon of 
the effects reinforce the pamerns observed in our review and strengthen our overall conclusion that 
mulUdomain intervenUons, with structured support, are a promising approach for demenUa 
prevenUon. 
 
Meta-regression idenUfied risk of bias, intervenUon duraUon, diet type, and comorbidity status as 
moderators. Shorter intervenUon duraUons showed the largest effect size improvements in 
cogniUon for mulUdomain intervenUons, possibly reflecUng ceiling effects, or higher adherence and 
intervenUon intensity over a shorter period. For total diet intervenUons, up to 1 year appeared the 
most effecUve, likely to allow sufficient Ume to adopt and maintain dietary behaviour changes. The 
opUmal diet protocol for cogniUve benefit remains inconclusive from our review due to a small 
number of comparisons. However, our overall findings suggest that diets targeUng 
neurodegeneraUon mechanisms of inflammaUon, oxidaUve stress, and impaired glucose 
metabolism may be the most beneficial. This generally includes a balanced, culturally-relevant, diet 
with sufficient complete protein intake178,179 (e.g., contain all nine essenUal amino acids) from a 
variety of animal-based and plant-based sources, use of oils and fats with high polyunsaturated or 
monounsaturated famy acids180,181, increased consumpUon of above ground fruits (e.g., berries) and 
vegetables (e.g., green leafy vegetables) high in flavonoid content182,183, and avoiding excessive 
consumpUon of ultra-processed foods184, saturated or trans-fat sources185, and carbohydrate-dense 
sugary sweets and snacks186. ParUcipants with MCI demonstrated greater benefits compared to 
cogniUvely normal samples, supporUng the potenUal of diet modificaUon when there is measurable 
cogniUve vulnerability, but before substanUal neurodegeneraUon has occurred187. Overall, intensive, 
Ume-limited dietary-based intervenUons in at-risk or MCI groups appear to be the most opportune 
to potenUally reverse early cogniUve decline or prevent rapid progression. However, the 
macronutrient composiUon of protein, fats, and carbohydrate intake remains unclear and requires 
further invesUgaUon to be able to idenUfy the strongest evidence for diet protocols for cogniUve 
benefit. 
 
Clinical Relevance 
 
While the pooled meta-analyUc effect on global cogniUve funcUon was small (g = 0.25), 
interpretaUon within a clinical context requires comparison with established MCIDs. Across 21 
intervenUon comparisons using the MMSE, the overall between-group mean difference did not 
reach MCID threshold of 1.4 points. However, in parUcipants with MCI (k = 6), the between-group 
mean difference increased to 1.82 points, with two comparisons achieving >2 point gains and two 
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comparisons achieving >3 point gains in MMSE. Gains of 2-3 MMSE points may translate into 
meaningful cogniUve and funcUonal preservaUon and delayed progression to demenUa188. For the 
MoCA, seven intervenUon comparisons yielded a pooled mean change below MCID thresholds. Only 
one intervenUon comparison used ADAS-Cog in parUcipants with MCI, making generalisability 
difficult. MCID results suggest that dietary intervenUons hold the greatest potenUal in populaUons 
with measurable cogniUve impairment, but not yet severe disease progression. 
 
Importantly, in populaUons with cogniUve impairment, maintenance of cogniUve funcUon or a 
slowed rate of cogniUve decline, rather than improvement, is also clinically meaningful. For 
example, a populaUon with mild cogniUve impairment or Alzheimer's disease who show no 
significant change in cogniUve funcUon in an intervenUon group over a long duraUon (e.g., 52 
weeks) have potenUally benefited from the intervenUon, despite null findings. These outcomes are 
not typically accounted for in current study designs or evidence statements, which emphasise 
improvement in cogniUve test scores. UlUmately, the significance, direcUon and magnitude of effect 
between-groups must be considered in the context of demenUa as a progressive, 
neurodegeneraUve disease. 
 
CogniUve Measurement Taxonomy 
 
A notable contribuUon of this review is the development of a novel taxonomy that maps 190 
cogniUve outcome measures to the six DSM-V neurocogniUve domains. This represents an 
important methodological advancement for a long-standing known problem in the field regarding 
the lack of standardisaUon and excessive study variaUon in how cogniUve domains are defined, 
measured, and reported189. The DSM-V classificaUon provides a consensus-based framework75, but 
has seldom been applied in dietary intervenUon research for cogniUve funcUon. Ba}sta et al. 
(2017)190 applied machine learning techniques to 131 neuropsychological outcomes from the 
Alzheimer’s Disease Neuroimaging IniUaUve (ADNI) dataset to idenUfy opUmal subsets of 
neuropsychological outcomes for classifying stages of cogniUve impairment with 85% (MCI vs. no 
impairment) to 90% (severe impairment vs. no impairment) accuracies190. The authors found ADAS-
Cog, Wechsler Logical Memory Scale, Rey Auditory Verbal Learning Test, and FuncUonal AcUviUes 
QuesUonnaire (FAQ) were top predictors to differenUate between stages of cogniUve impairment190. 
However, their classificaUon framework was not designed for intervenUon research and did not use 
a universally recognised conceptual model. Our approach offers a preliminary framework that builds 
on the DSM-V and combines theory and empirical evidence specific to an intervenUon context.  
While in its early stages, this mapping taxonomy can be used by researchers conducUng future trials 
to reduce construct misclassificaUon, improve comparability of findings across trials, and enhance 
the power and reliability of future meta-analyses. Prior to implementaUon, we suggest internaUonal 
consensus on a cogniUve measurement taxonomy as a next step. 
 
MechanisUc Evidence from Brain Imaging 
 
The inclusion of neuroimaging outcomes provides early preliminary mechanisUc insights beyond 
cogniUve assessments. Of the 59 reported brain imaging results, just over half (54.2%) favoured the 
intervenUon, with significant effects far more pronounced in parUcipants with MCI (>90% significant 
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findings) compared to cogniUvely normal individuals (29% significant findings). Improvements were 
most frequently observed in hippocampal volume, gyri, cerebral blood flow, corUcal thickness, 
parietal cortex, and thalamus. These are known brain regions and processes associated with 
memory formaUon and consolidaUon, mood regulaUon and cogniUve resilience. Our review 
suggests that neurocogniUve changes may occur before they are detectable on cogniUve 
assessment tests. This indicates that dietary intervenUons could have neuroprotecUve effects even 
before individuals noUce signs of cogniUve decline. IntegraUng imaging biomarkers into trials could 
help detect early effects and inform refinements to prevenUon strategies and guidelines. However, 
financial constraints and barriers to scalability are potenUal issues. Thus, ultra-sensiUve blood assays 
tesUng plasma AD biomarkers (e.g., beta-amyloid, p-tau, Neurofilament light [NfL]) may present a 
cost-effecUve alternaUve to implement in future trials191.  Our findings support the inclusion of both 
objecUve biomarkers alongside cogniUve assessment tools to strengthen the mechanisUc evidence, 
parUcularly in early disease detecUon (e.g., preclinical, MCI). 
 
Methodological Strengths and LimitaUons 
 
Several methodological consideraUons and limitaUons need to be highlighted. First, a key limitaUon 
is that only 35 (31.8%) of the 110 intervenUon comparisons were eligible for inclusion in meta-
analyses calculaUons due to inconsistent reporUng, absence of key staUsUcal data, or missing post-
intervenUon results. This substanUally reduced the staUsUcal power of pooled esUmates and limits 
the generalisability of the findings. Second, dietary intervenUon protocols were highly variable in 
content, dosage, and duraUon (3-weeks to 8.5 years), which complicates interpretaUon and 
comparability across studies. Third, blinding of parUcipants and study personnel is a known 
challenge in dietary trials raising the risk of performance and detecUon bias. Fourth, we observed 
considerable heterogeneity of cogniUve outcome measures across four levels: 1) global cogniUve 
funcUon derived from various tests (e.g., MMSE, ADAS-Cog); 2) global cogniUon derived from 
author-generated composite scores of varying cogniUve domains, (e.g., z-scores of execuUve 
funcUon, memory, and processing speed); 3) individual cogniUve domains (e.g., tests of execuUve 
funcUon) and differing tests that comprised the domain; and 4) inconsistent classificaUon and 
overlap of cogniUve domains themselves, such as ‘AmenUon, InformaUon & Processing’ versus 
‘Processing Speed.’ Fi�h, selecUve reporUng and missing outcomes, despite being prespecified in 
methods, were common, parUcularly for cogniUve outcomes, which may have introduced bias and 
reduced the reliability of the evidence. Lastly, there was an underrepresentaUon of studies (13.3%) 
conducted in LMICs, despite these regions having disproporUonately higher demenUa cases, which 
further limits generalisability to diverse, global populaUons.   
 
Despite methodological challenges, this review represents the largest and most comprehensive 
known synthesis of dietary intervenUon trials for cogniUve funcUon across the disease conUnuum of 
demenUa. We offer an iniUal framework to guide cogniUve measurement standardisaUon in future 
trials. We integrated psychometric measures of cogniUon alongside neurobiological outcomes, 
including brain imaging and blood biomarkers, to generate a broad perspecUve on intervenUon 
efficacy beyond tradiUonal cogniUve endpoints and provide potenUal mechanisUc insights. The 
methodological rigour of this systemaUc review was ensured through a sensiUve search strategy 
across mulUple databases and trial registries, risk of bias assessment at the intervenUon comparison 
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level, triple coding of data extracUon process for accuracy, and sensiUvity analysis to confirm the 
robustness of the findings. The evidence synthesised provides a detailed narraUve synthesis with 
meta-analyses and pre-specified meta-regression to determine sources of heterogeneity.  
 
Gaps and Future DirecUons 
 
This review highlights the limited exploraUon of the combined dietary and non-dietary intervenUon 
components that may be associated with the greatest cogniUve benefits. This may differ depending 
on the disease progression stage or presence of co-morbidiUes. Future trials should test different 
combinaUons of components and dosages of dietary protocols to establish consensus on effecUve 
intervenUon components for broader implementaUon. Long-term follow-up is also recommended to 
assess sustained effects over Ume, and replicaUon using standardised frameworks and outcome 
measures would address the inconsistencies found in our evidence base and improve 
generalisability.  Future trials should also prioriUse transparent, consistent reporUng following 
established guidelines (e.g., CONSORT Statement) including presentaUon of all prespecified 
outcomes to strengthen reliability in the evidence.  
 
Call to Ac-on for Research Reform 
 
Member of the Public Call to AcUon 
 
“It meant a lot to be involved in this study. With 190 cognitive measures mapped out, this study 
exposes a critical issue: the field is fragmented, making it difficult to translate the scientific results 
into actionable steps. When measures vary across studies, we can’t replicate results, compare 
outcomes, or build the knowledge base needed to guide practice. This review identifies mechanisms 
at play such as, neuroinflammation, oxidative stress, and dysregulated glucose metabolism, all key 
drivers of neurodegeneration. Unsurprisingly, these are hallmarks of metabolic dysfunction, the same 
mechanisms at the core of other conditions such as serious mental illness and type 2 diabetes. 
Improving metabolic health must become a priority. Researchers and clinicians must unite across 
disciplines to develop trials targeting these shared mechanistic pathways. For the best outcomes, 
interventions should include diet, exercise, sleep and structured support, learning from other fields 
that are addressing metabolic health. Until we do this, the evidence base will remain a maze of 
disconnected findings and stall progress to prevent dementia. This is a wake-up call and a starting 
point for reform.” 

– ELB, Metabolic Therapies Clinician 
Lived-Experience PPI Member Call to AcUon 
 
“The wri6ng retreat for this paper was wonderful. As someone living this daily, what I need the most 
is clarity. Headlines about diet and demen6a are conflic6ng, leaving me unsure what to believe or 
how to help my loved one. We need researchers to be consistent and speak with one, unified voice, 
so when I sit down with my parents, I can look them in the eye and say, “this is worth doing and here 
is why.” This will help my family make decisions together and keep their independence for as long as 
possible. Trustworthy and consistent guidance gives my loved one the choice and dignity they 
deserve, while also releasing constant caregiver worries and responsibili6es. This manuscript clearly 
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shows that focusing on total dietary pa5erns and suppor6ng other lifestyle factors, like sleep and 
exercise, are more beneficial than single food “superfoods.” This helps! Please focus on studies that 
confirm what we now know works, using agreed standards so families like mine can make sense of 
what to do. This will help me support my loved one with confidence, and hope.”    
    

– JB, Daughter of Parent diagnosed with MCI 
 

Conclusions: 
 
Dietary intervenUons modestly improve global cogniUve funcUon. MulUdomain and total diet 
approaches appear most promising in early cogniUve decline. Mapping 190 cogniUve assessment 
tools to DSM-V domains provides a preliminary taxonomy to guide measurement standardisaUon. 
Future trials should prioriUse consistent reporUng of intervenUon frameworks and cogniUve 
outcomes to strengthen the evidence base for demenUa prevenUon and care. 
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Registra-on and Protocol: 
 
The systemaUc review and meta-analysis protocol, including the methodological details and 
prespecified outcomes was prospecUvely registered in the NIHR PROSPERO database (registraUon: 
CRD42023488336) and available online: 
hmps://www.crd.york.ac.uk/PROSPERO/view/CRD42023488336 
 
Protocol Amendments: 
 
All protocol amendments were documented on the PROSPERO registraUon record for transparency. 
A major amendment was the exclusion of trials examining supplements (e.g., vitamins, herbs, 
minerals) due to wide variaUon.  
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