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ABSTRACT

Background: Nutritional supplementation is increasingly regarded as a potential strategy to preserve or enhance
cognitive function in individuals with healthy aging and mild cognitive impairment (MCI). However, its overall
efficacy remains uncertain due to inconsistent findings across clinical trials.

Methods: In accordance with the guidelines outlined by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses of Network Meta-Analyses, we conducted a comprehensive systematic search. Our inclusion
criteria focused on randomized controlled trials (RCTs) that examined the impact of nutrient supplementation on
cognitive function within healthy aging and MCI patients. The primary outcome of interest was the change in
cognitive function, while the secondary outcome involved alterations in blood biochemical markers (e.g., ho-
mocysteine, vitamin B12, and serum folate levels).

Results: The meta-analysis results indicated that docosahexaenoic acid (DHA)+eicosapentaenoic acid (EPA)+
vitamin E-+tryptophan-+melatonin, as well as melatonin alone, significantly enhanced global cognitive function.
Additionally, DHA, folic acid+DHA, and the DHA+EPA-+vitamin E+tryptophan+melatonin were all effective in
augmenting memory. DHA alone was found to be beneficial in improving processing speed, whereas vitamin D3
was associated with improvements in visuospatial function. Notably, sensitivity analyses revealed that while
most domain-specific effects remained stable, the rankings of certain small-sample interventions were sensitive
to study duration and sample size. Supplementation with folic acid, vitamin B12, and vitamin B6, whether
administered individually or in combination, resulted in varying improvements in blood biomarkers, including
homocysteine, vitamin B12, and serum folate levels.

Conclusions: Nutritional supplementation demonstrates nuanced, domain-specific benefits rather than universal
cognitive enhancement. While specific multi-nutrient combinations show potential, their effects are significantly
influenced by baseline cognitive status, age, and intervention duration. Our findings suggest that nutritional
strategies should be tailored to individual cognitive profiles, emphasizing the need for personalized interventions
and further high-quality, longitudinal trials to confirm long-term clinical impact.

1. Introduction

with associated treatment costs projected to reach US$2.8 trillion by
2030 [2]. In light of this impending public health challenge, preventive

The World Health Organization (WHO) projects that by 2050, the
global population aged 60 and above will reach 2.1 billion, highlighting
the inevitability of global aging [1]. Concurrently, the number of in-
dividuals affected by dementia is anticipated to nearly triple by 2050,

strategies such as physical exercise [3,4], cognitive behavioral training
[5], and the use of hearing aids [6,7] are crucial. Furthermore, nutrient
supplementation has emerged as a straightforward, cost-effective
intervention for maintaining cognitive function [8]. Directing research
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efforts towards individuals without dementia, including those with mild
cognitive impairment (MCI), is particularly congruent with a
prevention-oriented strategy, as the effectiveness of interventions is
considerably limited once irreversible neurodegenerative changes have
occurred [9,10].

Cognitive health in aging is modulated by multiple nutritional fac-
tors that operate through interconnected biological pathways. B vita-
mins are crucial in one-carbon metabolism and the regulation of
homocysteine (Hcy), a metabolic byproduct of methionine metabolism,
thereby influencing neuronal integrity and vascular function [11]. These
effects are most consistently observed when interventions are started
early, administered long-term, or targeted at individuals with low
B-status or high homocysteine, rather than being a universal effect in all
older adults [12,13]. In addition, omega-3 fatty acids support synaptic
plasticity and exert anti-inflammatory effects; however, evidence is
mixed, as randomized trials in healthy older adults show limited benefits
[14,15], while several analyses report modest improvements in aged or
MCI patients [16,17]. Furthermore, antioxidants play a crucial role in
mitigating oxidative stress and protecting against neuronal damage.
Observational studies and recent trials involving antioxidant nutrients,
such as pomegranate juice and resveratrol, alongside polyphenols,
suggest potential protection for specific cognitive domains (e.g., mem-
ory) and reduced dementia risk, although effects are heterogeneous and
causality remains unconfirmed [18,19]. These nutrients do not function
in isolation but engage in metabolic interactions, for instance, elevated
Hcy can intensify oxidative stress, which may be alleviated by sufficient
intake of B vitamins and antioxidants such as vitamin C, vitamin E, and
polyphenols. Consequently, recent research has increasingly empha-
sized dietary patterns such as the Mediterranean diet, which integrates B
vitamins, fatty acids, and antioxidants, offering a comprehensive
framework for understanding their collective impact on cognitive aging.

Regarding its biochemical mechanism, Hcy is a metabolic byproduct
generated during the metabolism of methionine, a process facilitated by
S-adenosyl methionine and S-adenosylhomocysteine. Elevated levels of
Hcy are strongly associated with cognitive decline and Alzheimer's
disease (AD) due to their neurotoxic effects and their role in exacer-
bating p-amyloid deposition [20,21]. Furthermore, Hcy can be reme-
thylated back to methionine through a methylation pathway that is
dependent on cobalamin (vitamin B12). This metabolic pathway also
requires essential cofactors, including vitamin B6, vitamin B12, and
folate, for optimal functionality [11,22]. Consequently, monitoring
blood levels of Hcy, vitamin B12, and folate provides an objective
biochemical measure for assessing the efficacy of nutritional supple-
mentation interventions on cognitive health.

The assessment of cognitive function is inherently complex, as sin-
gular tools such as the Mini-Mental State Examination (MMSE) or the
Montreal Cognitive Assessment (MoCA) may fail to provide a compre-
hensive representation of an individual’s cognitive status [23]. Relying
on these instruments in isolation can introduce bias and overlook
nuanced changes within specific areas of performance. Therefore, a
multidimensional approach that evaluates global cognition alongside
distinct domains, which include attention, executive function, memory,
processing speed, and visuospatial function, is essential. This holistic
framework enhances research precision and provides a robust founda-
tion for interpreting how interventions affect various aspects of cogni-
tive health.

The aim of this study was to analyze published data to explore the
effects of various dietary supplements (including B vitamins, omega-3
fatty acids, and melatonin) on specific cognitive function domains and
related blood biochemical markers (such as homocysteine, vitamin B12,
and folate levels) in individuals without dementia, with the aim of of-
fering comprehensive, evidence-based recommendations for cognitive
function enhancement within this population.
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2. Methods
2.1. Basic information

The protocol for this systematic review and network meta-analysis
(NMA) was prospectively registered  with PROSPERO
(CRD42024616019). As the study exclusively involved analysis of
published aggregate data, it was exempt from requiring institutional
review board approval or informed consent. We conducted this inves-
tigation in strict accordance with Cochrane Collaboration methodolo-
gies and reported findings following PRISMA-NMA guidelines
(Supplementary supporting checklist). Our comprehensive search
strategy, developed using the PICOS framework (detailed in eTables 1-
2), was executed across four major biomedical databases (PubMed, Web
of Science, Embase, and Cochrane CENTRAL) on 21 December 2024.
Specifically, the search strategy across these databases utilized a com-
bination of keywords and subject headings adapted for each database.
The primary terms regarding cognitive status encompassed Alzheimer
Disease, Cognitive Dysfunction, Cognition Disorders, and Healthy Vol-
unteers. For nutritional interventions, the search focused on B-vitamins
including Vitamin B Complex, Vitamin B6, Vitamin B12, Riboflavin, and
Folic Acid, alongside other antioxidants such as Vitamin E and Ascorbic
Acid. Additionally, Vitamin D3 24-Hydroxylase, Melatonin, and omega-
3 fatty acids including Docosahexaenoic Acids and Eicosapentaenoic
Acid were incorporated into the search logic. These categories were
combined using Boolean operators to identify eligible studies. To ensure
a thorough identification of eligible trials and minimize publication bias,
this primary search was supplemented by manual scrutiny of the refer-
ence lists from all included studies. Additionally, we performed forward
and backward citation tracking of relevant prior systematic reviews to
identify any additional research that may have been missed during the
initial electronic search.

2.2. Eligibility criteria

This study was restricted to randomized controlled trials to ensure
the highest level of clinical evidence. Studies concerning nutritional
supplements, which encompassing micronutrients (B-vitamins [B1, B2,
B6, B12, folic acid], vitamins C, D3, and E, and multivitamins), omega-3
fatty acids (specifically DHA, EPA, or their combinations), and mela-
tonin, underwent a rigorous screening process. Eligible studies included
adult participants with either normal cognitive function or MCI; in-
dividuals with a clinical diagnosis of dementia were explicitly excluded.
Cognitive status was determined based on the clinical diagnostic criteria
reported in each study. Briefly, normal cognition was characterized by
scores within age-and-education-adjusted normative ranges. MCI was
defined according to established frameworks such as Petersen’s criteria,
DSM-1V, or DSM-V, often supported by objective impairment on scales
like the ADAS-Cog-13, SUCCAB, or WAIS-III. Additionally, inclusion
required the assessment of outcomes in at least one cognitive domain,
such as global cognition, attention, executive function, memory, pro-
cessing speed, or visuospatial function. Where reported, data for related
blood biochemical markers, including homocysteine, vitamin B12,
serum folate, and erythrocyte folate, were also collected for analysis.
Comprehensive details regarding the criteria are provided in eTable 3.

2.3. Identification of included studies

After the preliminary inclusion of potentially eligible studies, an
additional screening process was conducted. Two researchers indepen-
dently reviewed the titles, abstracts, and full texts of the identified ar-
ticles in order to verify eligibility based on the predefined inclusion
criteria.
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2.4. Data extraction

Studies were considered eligible for inclusion if they provided an
evaluation of cognitive function both prior to and following supple-
mentation with nutritional supplements. During the data extraction
process, we collected information regarding study design, participant
demographics such as age and gender, and baseline cognitive status
categorized as normal or mild cognitive impairment. Additionally, we
recorded intervention details including the specific supplement type,
dosage, and duration, alongside both cognitive and biochemical out-
comes assessed at the beginning and end of each trial.

The primary outcome of this study was to evaluate changes in
cognitive function, assessed across multiple domains such as global
cognition, attention, executive function, memory, processing speed, and
visuospatial function. In instances where multiple cognitive assessments
were reported for the same domain, we prioritized the most commonly
utilized test across all included studies to ensure consistency in the
outcome variables. For studies reporting cognitive scores at various time
points, we selected the score corresponding to the longest duration of
intervention. Additionally, in scenarios where precise data for cognitive
test scores were unavailable, we estimated the mean and variability
based on the accessible data [24,25]. To mitigate the heterogeneity
observed in the study outcomes, we exclusively incorporated the MMSE
in the global cognition domain, as it was the predominant assessment
tool employed across the majority of studies. This decision was informed
by the varying interpretations of cognitive function outcomes in
different studies; for instance, lower scores on the Alzheimer's Disease
Assessment Scale-Cognitive Subscale (ADAS-cog) suggest better cogni-
tive function, whereas higher scores on the MMSE indicate improved
cognitive function. Data were extracted similarly for the remaining few
domains of cognitive function.

2.5. Assessment of quality and risk of bias

Studies were classified as large sample size investigations if each
treatment group comprised more than 100 participants [26]. The
Cochrane Risk of Bias 2 (RoB2) tool was employed to systematically
assess the risk of bias within the included studies, with further details
provided in Supplementary Materials [27]. Additionally, the confidence
in the evidence was evaluated using the web-based tool-Confidence in
Network Meta-Analysis framework (CINeMA) (eTable 4).

2.6. Statistical analysis

In processing the data, when only pre- and post-intervention means
were reported and no standard deviations were provided for these
values, estimates were derived based on the maximum standard devia-
tion observed in similar studies using the same measurement scale.
When exact data for baseline and follow-up values were available, mean
change values were calculated as the arithmetic differences between the
baseline and follow-up means.

All analyses were performed using R (version 4.3.1) [28] along with
the gemtc package (version 1.0-2) [29], which interfaces with Open-
BUGS (version 3.2.3) [30] to run Markov Chain Monte Carlo simula-
tions. A Bayesian network meta-analysis utilizing random effects and
non-informative priors was conducted, incorporating
placebo-controlled trials [31]. The primary analysis included all eligible
trials, encompassing six cognition assessment domains and biochemical
levels. For cognitive function assessment, including global cognition,
attention, executive function, memory, processing speed, and visuo-
spatial function, the standardized mean difference (SMD) was evaluated
using Cohen's d with a 95% credibility interval (CrI) [32]. An SMD value
of 0.20 indicates a small effect size between the experimental and con-
trol groups, 0.50 represents a moderate effect, and 0.80 signifies a large
effect [33]. In addition, for biochemical analysis, the weighted mean
difference (WMD) was used to assess the effects of different nutrient
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supplementation interventions. A random-effects model was computed
using Markov chain Monte Carlo methods with Gibbs sampling based on
simulations of 50,000 iterations in each of 4 chains. The homogeneity
and consistency assumptions were evaluated using node splitting and
the Bland-Altman method[34-36]. For each iteration, treatments were
ranked based on their effect in comparison to an arbitrary baseline.
Findings were considered as associations if the 95%CrI excluded the null
value. A frequency table was created from these rankings and then
normalized by the total number of iterations to calculate the rank
probabilities. To evaluate the effects of various nutrient supplements on
cognitive function, probability values were further summarized in this
study and presented through the lower bound of the cumulative ranking
curve (SUCRA) and probability ranking plots [37]. A SUCRA value of
0 indicated that a treatment was definitively the worst, while a value of
1 signified that the treatment was definitively the best. As part of the
sensitivity analysis, all analyses of cognition domains were re-conducted
to incorporate networks derived from studies that satisfied the following
criteria: (1) studies with a mean participant age over 65 years, (2)
studies involving individuals with an initial diagnosis of MCI, (3) studies
with a sample size greater than 100 participants. Furthermore, to spe-
cifically evaluate the impact of long-term interventions, we performed
an additional sensitivity analysis by restricting the network to studies
with a duration of at least six months. These combined approaches
aimed to verify the stability of our nutrient rankings under more strin-
gent evidence criteria.

3. Results

From an initial pool of 6,269 search results, 2,910 records remained
after the removal of duplicates. Subsequent screening of titles and ab-
stracts led to the selection of 129 records for full-text review. Of these,
88 studies did not satisfy the inclusion criteria, resulting in 41 RCTs
deemed eligible for inclusion (Fig. 1). These RCTs investigated 13
distinct nutrients, either individually or in combination, as supplemen-
tation regimens, alongside placebo, culminating in a total of 21 treat-
ment strategies. In total, 4,703 participants were randomized to the
placebo group, while 5,258 participants were assigned to one of the
active treatment groups, including vitamin B12, vitamin B2, vitamin
B2-+vitamin B6, vitamin B6, vitamin C+vitamin E, vitamin D3, DHA,
DHA+EPA, DHA+EPA-+vitamin E +tryptophan +melatonin, EPA, folic
acid, folic acid+vitamin B1+vitamin B6, folic acid+vitamin B12, folic
acid+vitamin B12+vitamin B2, folic acid+vitamin B12+vitamin
B2+-vitamin B6, folic acid+vitamin B12+vitamin B6, folic acid+vitamin
D3, folic acid+DHA, melatonin, and multivitamin. Detailed study
characteristics are provided in Table 1. The findings, assessed using the
ROB2 evaluation criteria, indicated that all included studies exhibited a
moderate or low risk of bias, with none demonstrating a high risk of bias
(eFigure 1).

3.1. Global cognition

Changes in global cognition, primarily reflecting the overall impact
of nutrient supplementation on cognitive function in individuals
without dementia, were predominantly assessed using the MMSE. This
analysis included 25 studies, encompassing 18 treatments regimens and
a total of 6,919 participants. Findings from the network meta-analysis
indicated that, compared to placebo, nutrient supplementation signifi-
cantly improved global cognitive functioning when administered either
as melatonin alone (SMD: 2.70; 95% CI: 1.50 to 3.80; Fig. 2A) or as a
combination of DHA, EPA, vitamin E, tryptophan, and melatonin (SMD:
3.10; 95% CI: 0.76 to 5.50; Fig. 2A). The effects of other supplementa-
tion regimens on global cognition varied. Among all interventions,
DHA-+EPA+vitamin E+tryptophan+melatonin exhibited the highest
probability of being the most effective treatment (SUCRA = 0.957;
eFigure 2C), followed closely by melatonin (SUCRA = 0.945) and
vitamin B2 (SUCRA = 0.771; eFigure 2C). However, both interventions
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6269 records identified from database searching
PubMed (n = 1,315)
Web of Science (n = 1,676)

Embase (n = 1,532),
Cochrane Central Register of Controlled
Trials (n = 1746)
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3359 duplicates records removed

2910 records screened after removing duplicates

2,781 studies were excluded for not

129 full-text articles assessed

meeting the eligibility criteria

88 studies were excluded for lacking

41 studies included in network meta-analysis

eligibility outcomes

Fig. 1. PRISMA flowchart of study selection for the network meta-analysis.

were each supported by only a single study. Among the treatments,
DHA+EPA had the highest number of included trials (9 studies, 694
participants), while folic acid+vitamin B12+vitamin B6 had the largest
sample size (7 studies, 1,103 participants). The observed effects on
global cognition for these interventions were modest (DHA-+EPA, SMD:
0.08; 95% CI: -0.16 to 0.39; SUCRA = 0.477; folic acid+vitamin
B12-+tvitamin B6, SMD: 0.04; 95% CI: -0.11 to 0.20; SUCRA = 0.421;
Fig. 2A). The SUCRA values and rank probability plots are presented in
eFigure 2C-D of the Supplementary Materials. The certainty of evidence
for the treatment measures, as evaluated using the CINeMA framework,
was rated as low or very low (eTable 3A).

To further investigate the effects of nutrient supplementation on
global cognition in specific subpopulations, additional stratified ana-
lyses were performed. Among participants aged over 65 years
(eFigure 3A-D) and those with MCI (eFigure 4A-C), the results were
generally consistent with the overall findings. However, when the
analysis was restricted to studies with large sample sizes (eFigure 5A-C),
no treatment demonstrated statistically significant efficacy in improving
global cognition compared to placebo. Nonetheless, ranking results
suggested that supplementation with folic acid+vitamin D3 may offer a
relatively greater effect.

3.2. Attention

Attention, a fundamental cognitive domain, reflects an individual's
ability to focus, sustain, and shift mental resources, serving as a foun-
dation for higher-order cognitive functions. In our review, the cognitive
domain of attention was primarily assessed using the trail making test-A,
encompassing a total of 18 studies, 13 treatment regimens, and 3,692
participants. Results from the network meta-analysis revealed that none
of the interventions significantly improved participants' attention levels
compared to placebo (Fig. 2B). SUCRA analysis suggested that DHA
supplementation (3 studies, 220 participants, SUCRA=0.769) and
vitamin D3 supplementation (3 studies, 300 participants,
SUCRA=0.742) appeared to be relatively effective approaches
(eFigure 6A-D). The certainty of evidence, as evaluated using CINeMA,

was rated as low or very low for all treatment measures (eTable 3B).
Subgroup analyses conducted on participants older than 65 years and
those with MCI revealed no significant improvements in attention across
the treatment regimens. Nevertheless, DHA consistently emerged as a
potentially beneficial supplementation strategy (eFigure 7A-D, 8A-D).
Notably, when small-sample studies were excluded, DHA demon-
strated a significant improvement in attention levels (SMD, 3.70; 95%
CI, 0.72 to 6.50; SUCRA=0.921, eFigure 9A-C).

3.3. Executive function

Executive function assessment plays a crucial role in cognitive
evaluation as it helps assess an individual's ability in planning, decision-
making, problem-solving, and impulse control. In this study, executive
function was primarily evaluated by verbal fluency test, and a total of 22
studies, 9 treatments, and 6097 participants were included. Network
meta-analysis results revealed that none of the treatments significantly
improved participants' executive function (Fig. 2C). However, supple-
mentation with folic acid+vitamin B12+vitamin B6 appeared to have a
negative effect on executive function (SMD: -0.48; 95% CI: -1.10 to
-0.09). According to the SUCRA analysis, combined supplementation
with DHA, EPA, vitamin E, tryptophan, and melatonin emerged as the
most effective intervention (SUCRA = 0.903, eFigure 10A-D). The
CINeMA evaluation indicated that the certainty of evidence was uni-
formly low (eTable 3C). In participants aged over 65 years, the effects of
these treatments on executive function were consistent with the overall
findings (eFigure 11A-D). Conversely, in participants with MCI, none of
the treatments demonstrated a significant effect on executive function
(eFigure 12A-C). Furthermore, after excluding small sample-size studies,
no treatment regimen significantly improved executive function
(eFigure 13A-C).

3.4. Memory

Memory assessment in cognitive evaluation measures an individual’s
ability to encode, store, and retrieve information, reflecting essential



Table 1
Characteristics of included studies.
Study Year Country Settings Diagnostic No. of Age, Male/ Intervention Types and dosages of nutritional Duration of Cognitive domains Biochemical
criteria participants years female supplements (per day) intervention analysis
(years)
Andrieu [38] 2017  France Elderly MMSE 380 75.1 128/ Placebo 3 years Global cognition
252 (MMSE), executive
381 75.6 136/ DHA+EPA DHA 800mg, EPA 225 mg function, processing
245 speed
Baleztena 2018  Spain MCI MMSE 44 87.8 30/14 Placebo 1 year Global cognition
[39] 34 85.8 25/9 Multivitamin DHA 750 mg, EPA 120 mg, (MMSE), attention,
vitamin E 15 mg, executive function,
phosphatidylserine 45 mg, memory, visuospatial
tryptophan 285 mg, vitamin B 12 function
15 pg, folate 750 pg, ginkgo
biloba 180 mg
Bo [40] 2017  China MCI Petersen’s 42 NA 25/17 Placebo 0.5 years Executive function,
criteria 44 NA 26/18 DHA+EPA DHA 480 mg, EPA 720 mg memory, processing
speed, visuospatial
function
Chiu [41] 2008  China MCI DSM-IV 15 76.5 8/7 Placebo ~0.5 years Global cognition
20 74 7/13 DHA-+EPA DHA 720 mg, EPA 1080 mg (MMSE)
Dangour 2015 UK Elderly MMSE 93 80.1 48/45 Placebo 1 year Memory Homocysteine,
[42] 91 79.9 46/47 Vitamin B12 Vitamin B12 1 mg vitamin B12,
serum folate
De Jager 2012 UK MCI Petersen’s 113 76.7 40/73 Placebo 2 years Global cognition Homocysteine,
[43] criteria 110 76.8 40/70 FA+Vitamin Folic acid 0.8 mg, vitamin B12 (MMSE), executive vitamin B12,
B12+Vitamin B6 0.5 mg, vitamin B6 20mg function, memory serum folate
Duan [44] 2024 China MCI DSM-IV 95 69.52 35/60 Placebo 1 year Attention, memory,
95 69.99 35/60 FA+Vitamin Folic acid 180 pg, vitamin B1 visuospatial function
B1+Vitamin B6 0.96 mg, Vitamim B6 0.96 mg
Durga [45] 2007  Netherlands  Elderly MMSE 413 60 292/ Placebo 3 years Executive function, Homocysteine,
121 memory, processing serum folate,
405 60 294/ FA Folic acid 800 pg speed erythrocyte folate
111
Eussen [46] 2006  Netherlands  Elderly MMSE 65 82 14/51 Placebo ~0.5 years Attention, executive Homocysteine,
66 83 17/49 FA+Vitamin B12 Folic acid 400 pg, vitamin B12 1 function, memory vitamin B12,
mg erythrocyte folate
64 82 15/49 Vitamin B12 Vitamin B12 1 mg
Ford [47] 2010  Australia Elderly MMSE 149 78.7 Man Placebo 2 years Global cognition Homocysteine
only (MMSE), attention,
150 79.3 Man FA+Vitamin Folic acid 200 mg, vitamin B12 memory, visuospatial
only B12+Vitamin B6 400 pg, Vitamim B6 25 mg function
Hu [48] 2018  China MCI Petersen’s 82 66.6 32/50 Placebo 1 year Attention,
criteria 93 67.22 43/50 Vitamin D3 Vitamin D3 400 IU visuospatial function
Kang [49] 2008 USA Elderly TICS 532 72.5 Female Placebo 6.6 years Global cognition
only (TICS), executive
521 72.5 Female FA+Vitamin Folic acid 2.5 mg, vitamin B6 50 function, memory
only B12+Vitamin B6 mg, vitamin B12 1 mg
Kwok, [50] 2017  China Elderly MMSE 116 75.84 NA Placebo 2.25 years Global cognition Homocysteine,
120 74.67 NA Vitamin B12 Methylcobalamin 1000 mg (NTB-changed), vitamin B12,
executive function, serum folate
memory, processing
speed
Kwok, [51] 2020 China MCI Petersen's 120 78 NA Placebo 2 years Executive function, Homocysteine,
criteria 118 76.9 NA FA+Vitamin B12 Folic acid 400 pg, memory serum folate

methylcobalamin 500 pg

(continued on next page)
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Table 1 (continued)

Study Year Country Settings Diagnostic No. of Age, Male/ Intervention Types and dosages of nutritional Duration of Cognitive domains Biochemical
criteria participants years female supplements (per day) intervention analysis
(years)
Lee [52] 2013  Malaysia MCI MMSE 18 63.5 5/13 Placebo 1 year Global cognition
17 66.4 3/14 DHA+EPA DHA 430 mg, EPA 150 mg (MMSE), attention,
executive function,
memory, processing
speed, visuospatial
function
Lewerin [53] 2005 Sweden Elderly NA 62 75.6 27/35 Placebo ~0.33 years Executive function,
113 75.7 48/65 FA+Vitamin Folic acid 800 pg, memory, visuospatial
B12+Vitamin B6 cyanocobalamin 500 pg, vitamin function
B6 3 mg,
Li [54] 2020 China MCI DSM-V 60 70.38 27/33 Placebo 0.5 years Attention, memory, Homocysteine,
60 70.2 24/36 FA Folic acid 800 pg visuospatial function serum folate
60 70.33 24/36 FA+DHA Folic acid 800 pg, DHA 800 mg
60 71.15 24/36 DHA DHA 800 mg
Lin [55] 2022  China MCI MMSE 34 78.1 25/9 Placebo 2 years Global cognition
41 78.95 29/12 DHA DHA 700 mg (MMSE)
40 77.8 27/13 EPA EPA 1600 mg
42 76.73 27/15 DHA+EPA DHA 350 mg, EPA 800 mg
Liu [56] 2024  China MCI Petersen's 135 62.4 49/86 Placebo ~0.5 years Global cognition Homocysteine,
criteria 134 62.8 56/78 FA Folic acid 400 pg (MoCA), attention, serum folate
133 62.6 64/69 FA+Vitamin D3 Folic acid 400 pg, vitamin D3 memory, processing
1600 IU speed
Ma [57] 2019  China MCI MMSE 90 74.63 38/52 Placebo 2 years Attention, executive Homocysteine,
90 74.82 39/51 FA Folic acid 400 pg function, memory, vitamin B12,
visuospatial function serum folate
Mahmoudi 2014 Iran Elderly MMSE 66 75.17 30/36 Placebo ~0.5 years Global cognition
[58] 70 74.13 31/39 DHA-+EPA DHA 180 mg, EPA 120 mg (MMSE)
Maltais [59] 2022  Canada Healthy MMSE 97 50.5 34/63 Placebo 0.5 years Executive function,
adults 96 49.4 30/66 DHA+EPA DHA 800 mg, EPA 1700 mg memory, visuospatial
function
McMahon 2006  New Elderly MMSE 126 73.4 61/65 Placebo 2 years Global cognition Homocysteine,
[60] Zealand 127 73.6 80/47 FA+Vitamin Folic acid 1000 pg,vitamin B12 (MMSE), executive vitamin B12,
B12+Vitamin B6 500pg, vitamin B6 10 mg function, memory serum folate
Mengelberg 2022  New MCI RBANS 30 73.4 11/19 Placebo 1 year Global cognition
[61] Zealand 30 72.33 14/16 DHA-+EPA DHA 1491 mg, EPA 351 mg (Rtot), attention,
executive function,
memory, visuospatial
function
Montero- 2023  Canada MCI ADAS-Cog- 35 72.4 19/16 Placebo 0.5 years Attention, executive
Odasso 13 34 73.1 13/21 Vitamin D3 Vitamin D3 4258 IU function, memory
[62]
Naeini [63] 2014  Iran MCI MMSE 119 66.3 57/62 Placebo 1 year Global cognition
127 66.5 63/64 Vitamin C+Vitamin E Vitamin C 400 mg, vitamin E 300 (MMSE)
mg
Pathansali 2003 UK Elderly MMSE 12 73.8 10/2 Placebo ~0.08 years Attention, memory Homocysteine,
[64] 12 72.3 11/1 FA Folic acid 5 mg vitamin B12,
serum folate
Perta-Kajan 2021  USA MCI MMSE 101 NA NA Placebo 2 years Executive function, Homocysteine
[65] 95 NA NA FA+Vitamin Folic acid 0.8 mg, vitamin B12 memory, processing
B12+Vitamin B6 0.5 mg, vitamin B6 20 mg speed
Phillips [66] 2015 UK MCI MMSE 39 71.1 18/21 Placebo ~0.33 years Global cognition
37 71.1 16/21 DHA+EPA DHA 625 mg, EPA 600 mg (MMSE), memory

(continued on next page)
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Table 1 (continued)

Study Year Country Settings Diagnostic No. of Age, Male/ Intervention Types and dosages of nutritional Duration of Cognitive domains Biochemical
criteria participants years female supplements (per day) intervention analysis
(years)
Pipingas 2014  Australia Young SUCCAB 60 31.6 28/32 Placebo ~0.33 years Memory Homocysteine,
[67] adults 56 31.8 24/32 Multivitamin Multivitamin vitamin B12,
erythrocyte folate
Rondanelli 2012 Italy MCI MMSE 14 86.1 3/11 Placebo 0.25 years Global cognition
[68] 11 85.3 2/9 DHA+EPA+Vitamin DHA 720 mg, EPA 286 mg, (MMSE), attention,
E+Trp+Mel vitamin E 16 mg, tryptophan 95 executive function,
mg, melatonin 5 mg memory, visuospatial
function
Stott [69] 2005  Netherlands  Elderly TICS 24 72.8 14/10 Placebo 1 year Global cognition
23 74.6 10/13 Vitamin B2 Vitamin B2 25 mg (TICS), processing
23 72.9 12/11 FA+Vitamin B12 Folic acid 2.5 mg, vitamin B12 speed
400 pg
23 74.7 11/12 Vitamin B6 Vitamin B6 25 mg
23 76.5 10/13 FA+Vitamin Folic acid 2.5 mg, vitamin B12
B12+Vitamin B2 400 pg, vitamin B2 25 mg
23 72.6 12/11 FA+Vitamin Folic acid 2.5 mg, vitamin B12
B12+Vitamin B6 400 pg, vitamin B6 25 mg
23 74 9/14 FA+Vitamin Folic acid 2.5 mg, vitamin B12
B12+Vitamin 400 pg, vitamin B2 25 mg,
B2+Vitamin B6 vitamin B6 25 mg
23 74.2 10/13 Vitamin B2+ Vitamin Vitamin B2 25 mg, vitamin B6 25
B6 mg
van der 2014  Netherlands  Elderly MMSE 431 72.6 255/ Placebo 2 years Global cognition
Zwaluw 176 (MMSE), attention,
[70] 425 72.6 244/ FA+Vitamin B12 Folic acid 400 pg, vitamin B12 executive function,
181 500 pg memory, processing
speed
van Uffelen 2008  Australia MCI MMSE 74 75 41/33 Placebo 1 year Global cognition
[71] 78 75 44/34 FA+Vitamin Folic acid 5 mg, vitamin B12 0.4 (MMSE), executive
B12+Vitamin B6 mg, vitamin B6 50 mg function, memory
Vauzour [72] 2023 UK MCI MoCA 121 65 51/70 Placebo 1 year Global cognition
94 66 42/52 DHA+EPA DHA 1.1g, EPA 0.4g (MoCA), attention,
executive function,
memory
Wolters [73] 2005  Germany Elderly WAIS-III 109 64 NA Placebo 0.5 years Processing speed
111 63 NA Multivitamin Multivitamin
Xu [74] 2020  China MCI MMSE 39 66.5 21/18 Placebo 0.5 years Global cognition
40 66.6 21/19 Melatonin Melatonin 0.15 mg/kg (MMSE)
Yang [75] 2020  China MCI Petersen's 20 66.6 39/51 Placebo 1 year Attention, processing
criteria 93 67.2 43/50 Vitamin D3 Vitamin D3 800 IU speed, visuospatial
function
Yurko-Mauro 2010  USA Elderly MMSE 218 70 87/131 Placebo ~0.5 years Global cognition
[76] 219 70 96/123 DHA DHA 900 mg (MMSE), memory
Zhang, [77] 2018  China MCI Petersen's 120 73.6 42/78 Placebo 2 years Attention, processing
criteria 120 73.7 43/77 DHA DHA2g speed, visuospatial
function
Zhang, [78] 2017  China MCI Petersen's 120 74.6 41/79 Placebo 1 year Attention, processing
criteria 120 74.5 43/77 DHA DHA2g speed, visuospatial

function

LR D'Y

ADAS-Cog-13, Alzheimer's Disease Assessment Scale-Cognitive Subscale 13, B1, vitamin B1, B2, vitamin B2, B6, vitamin B6, B12, vitamin B12, C, vitamin C, D3, vitamin D3, DHA, docosahexaenoic acid, DSM-IV,
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, EPA, eicosapentaenoic acid, FA, folic acid, MCI, mild cognitive impairment, Mel, melatonin, MMSE, Mini-Mental State Examination, MoCA,
Montreal Cognitive Assessment, NA, not available, RBANS, Repeatable Battery for the Assessment of Neuropsychological Status, SUCCAB, Swinburne University Computerized Cognitive Assessment Battery, TICS,
Telephone Interview for Cognitive Status, Trp, tryptophan, WAIS-III, Wechsler Adult Intelligence Scale, Third Edition.
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cognitive functions for daily activities. The primary assessment tool for
memory was the Auditory Verbal Learning Test (AVLT), encompassing
29 studies, 13 treatment regimens, and 7,267 participants. Network
meta-analysis results revealed that, compared with placebo, DHA (SMD,
0.42; 95% CI, 0.03 to 0.85), DHA+EPA+vitamin
E+tryptophan+melatonin (SMD, 2.90; 95% CI, 0.52 to 5.40), and folic
acid+DHA (SMD, 0.71; 95% CI, 0.19 to 1.30) significantly improved
memory performance (Fig. 2D). SUCRA analysis demonstrated SUCRA
values of 0.98, 0.83, and 0.675 for these three treatment regimens,
respectively (eFigure 14A-D). However, both DHA-+EPA-tvitamin
E-+tryptophan+melatonin, as well as folic acid+DHA, were evaluated in
only one study each, and the findings for DHA+EPA-vitamin
E-++tryptophan+melatonin were limited by wide 95% CrlIs. CINeMA as-
sessments indicated that the certainty of evidence was low or very low
across all regimens (eTable 3D). Subgroup analysis of participants aged
over 65 years showed results consistent with the overall findings
(eFigure 15A-D). When analyses were restricted to individuals with MCI,
only DHA+EPA+vitamin E-+tryptophan+melatonin demonstrated a
significant improvement in memory among the 12 evaluated regimens
(eFigure 16A-C). Further sensitivity analysis, including only large-
sample studies, revealed that none of the six treatment regimens
significantly outperformed placebo in enhancing memory. Folic acid-
+vitamin D3 appeared to demonstrate a relatively better effect
(eFigure 17A-C).

3.5. Processing speed

The processing speed domain assesses an individual's ability to
quickly and accurately process simple cognitive tasks, reflecting effi-
ciency in mental operations. The primary criterion for evaluating pro-
cessing speed was the Digital Symbol Test, with a total of 13 studies, 15
treatment regimens, and 4,365 participants included. Network meta-
analysis revealed that DHA supplementation alone significantly
improved participants' processing speed compared to placebo (SMD,
1.80; 95% CI, 0.10 to 3.50; Fig. 2E), with a SUCRA value of 0.891
(eFigure 18A-D). This was followed by DHA+EPA (SMD, 0.99; 95% CI,
-0.26 to 3.00; SUCRA = 0.761). The CINeMA evaluation indicated a high
certainty of evidence for DHA supplementation compared to placebo
(eTable 3E), while DHA+EPA demonstrated a moderate certainty of
evidence. The remaining treatment comparisons were rated as low or
very low (eTable 3E). In subgroup analyses focusing on participants
older than 65 years, DHA supplementation continued to show significant
benefits (SMD, 1.80; 95% CI, 0.05 to 3.60; SUCRA = 0.914; eFigure 19A-
C). However, among individuals with MCI, none of the six evaluated
treatment regimens demonstrated a statistically significant effect on
processing speed (eFigure 20A-C). When restricting the analysis to
studies with large sample sizes, DHA supplementation once again
showed a significant improvement in processing speed (SMD, 1.80; 95%
CI, 0.72 to 2.80; SUCRA = 0.869; eFigure 21A-C), further supporting its
efficacy in enhancing cognitive processing efficiency.

3.6. Visuospatial function

The visuospatial function domain assesses an individual's ability to
perceive, interpret, and manipulate visual and spatial information,
which is essential for tasks like navigation and object recognition. Vi-
suospatial function was primarily evaluated using the Block Design test,
with a total of 15 studies, 10 treatment regimens, and 2,405 participants
included. Network meta-analysis revealed that vitamin D3 supplemen-
tation significantly improved visuospatial function compared to placebo
(SMD, 1.40; 95% CI, 0.09 to 3.50; Fig. 2F, eFigure 22A-D). The SUCRA
value for vitamin D3 was 0.842, indicating a high likelihood of being the
most effective treatment. The remaining eight interventions varied in
their impact on visuospatial function. The CINeMA evaluation demon-
strated a high certainty of evidence for vitamin D3 supplementation
compared to placebo (eTable 3F). In subgroup analyses focusing on
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participants older than 65 years, vitamin D3 supplementation (SMD,
1.50; 95% CI, 0.80 to 2.10; SUCRA = 0.88; eFigure 23A-C) and folic
acid+DHA supplementation (SMD, 0.68; 95% CI, 0.02 to 1.30; SUCRA =
0.628; eFigure 23A-C) both showed significant improvements in visuo-
spatial function. Furthermore, analyses restricted to individuals with
MCI demonstrated that both vitamin D3 supplementation (SMD, 1.40;
95% CI, 0.67 to 2.20; SUCRA = 0.798; eFigure 24A-C) and DHA-+EPA
supplementation (SMD, 1.60; 95% CI, 0.42 to 2.80; SUCRA = 0.826;
eFigure 24A-C) significantly improved visuospatial function. When
focusing on studies with larger sample sizes, only two treatment regi-
mens remained, and neither demonstrated a significant effect on vi-
suospatial function (eFigure 25A-C).

3.7. Homocysteine

Due to the significant association between homocysteine concen-
trations and cognitive function, exploring changes in plasma total Hcy
concentrations after nutrient supplementation holds clinical signifi-
cance. A total of 14 studies, encompassing 9 treatment regimens and
3,489 participants were included to evaluate changes in homocysteine
concentrations after nutrient supplementation. The results demon-
strated that compared to placebo, supplementation with vitamin B12
(WMD, -5.00; 95% CI, -8.10 to -2.20), folic acid (WMD, -3.70; 95% CI,
-5.90 to -1.50), folic acid+vitamin B12 (WMD, -5.80; 95% CI, -9.20 to
-2.60), and folic acid+ vitamin B12+vitamin B6 (SMD, -3.50; 95% CI,
-5.80 to -1.00) all significantly reduced tHcy concentrations (Fig. 3A).
Additionally, SUCRA analysis indicated that all eight treatment modal-
ities were more effective than placebo and the combined supplementa-
tion of folic acid and vitamin B12 showed the most pronounced effect,
with the highest SUCRA score of 0.869 (eFigure 26A-C).

3.8. Vitamin B12

Markers of vitamin B12 are increasingly recognized as independent
predictors of cognitive function. Therefore, we further analyzed changes
in vitamin B12 levels following nutrient supplementation. A total of
eight studies, encompassing six treatment strategies and 1,313 partici-
pants, were included in the network meta-analysis. The results demon-
strated that, compared to placebo, supplementation with vitamin B12
(WMD: 450; 95% CI: 260 to 640), folic acid+vitamin B12 (WMD: 480;
95% CI: 160 to 800), and folic acid+vitamin B12+vitamin B6 (WMD:
320; 95% CI: 86 to 550) significantly increased vitamin B12 levels
(Fig. 3B). SUCRA analysis further indicated that the most effective
intervention was likely folic acid+vitamin B12 (SUCRA = 0.873)
(eFigure 27A-B).

3.9. Folate

Serum folate and erythrocyte folate are two widely recognized bio-
markers for assessing folate status, reflecting recent dietary folate intake
and long-term folate reserves, respectively. In this study, folate con-
centrations were analyzed separately based on these two distinct bio-
logical compartments. For serum folate, a total of 10 studies, involving 7
treatment strategies and 2,720 participants, were included. Network
meta-analysis revealed that, compared with placebo, supplementation
with folic acid (WMD: 29.00; 95% CI: 6.00 to 52.00) and folic acid-
+vitamin B12-+vitamin B6 (WMD: 45.00; 95% CI: 16.00 to 75.00)
significantly increased serum folate concentrations (Fig. 3C). The
SUCRA analysis further indicated that the most effective intervention
was likely folic acid+vitamin B12+vitamin B6 (SUCRA = 0.883).
Additionally, all six supplementation strategies demonstrated varying
degrees of improvement in serum folate concentrations compared to
placebo (eFigure 28A-B).

In contrast, for erythrocyte folate, 3 studies encompassing 5 treat-
ment strategies and 1,062 participants were analyzed. The results sug-
gested that nutrient supplementation had an uncertain effect on folate
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Fig. 2. Network meta-analysis diagram evaluating nutritional supplements across cognitive domains. A, global cogniton. B, attention. C, executive function.
D, memory. E, processing speed. F, visuospatial function. Node size scales with the number of trials per intervention; edge thickness represents the quantity of direct
comparative trials between treatments. Standardized mean differences (SMDs) with 95% credibility intervals shown in the adjacent table represent the comparative
efficacy of each intervention against the placebo as the common reference point.
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concentrations within red blood cells (Fig. 3D). However, SUCRA
analysis indicated that folic acid supplementation (SUCRA = 0.876)
appeared to be the most favorable approach among the evaluated stra-
tegies (eFigure 29A-B).

3.10. Sensitivity analysis

To enhance the robustness of our findings, a sensitivity analysis was
performed by excluding studies with intervention durations shorter than
six months. The SUCRA analysis indicated that melatonin continued to
be the most effective intervention for global cognition. In terms of
specific cognitive domains, the combination of folic acid and DHA was
identified as the leading intervention for memory, whereas the superior
efficacy of vitamin D3 for visuospatial function was consistent with the
results of our primary analysis. Comprehensive results for all cognitive
domains are available in eFigure 30.
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4. Discussion

Oral nutrient supplementation has emerged as a promising approach
for preserving cognitive health [61,45,78], yet the efficacy of individual
regimens varies significantly across cognitive domains. Our findings
demonstrate that a synergistic combination of DHA, EPA, vitamin E,
tryptophan, and melatonin offers the most pronounced benefits for
global cognition and memory function. In contrast, domain-specific ef-
fects were observed for single nutrients; DHA supplementation alone
was most effective for enhancing processing speed, while vitamin D3
showed a distinct superiority in improving visuospatial function.
Notably, while the impact on attention and executive functions
remained limited, these results suggest that integrated, multi-nutrient
protocols may be more effective than isolated interventions. By cate-
gorizing outcomes according to specific cognitive dimensions, this study
provides a clearer hierarchy of evidence to guide personalized nutri-
tional strategies in non-demented populations.

Within the RCTs considered in this analysis, vitamins B, C, D, and E

No.of No. of WMD
Interventions Trials  Participants (95% Crl)
ABi Vitamin B12 3 234 -5.00 (-8.10, -2.20) ——
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./ Folic acid plus vitamin D3 1 133 -3.60 (-8.50, 1.20) —_———
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Fig. 3. Network meta-analysis plot of blood-based biomarkers associated with nutritional supplementation. A, homocysteine. B, vitamin B12. C, serum
folate. D, erythrocyte folate. Node size scales with the number of trials per intervention; edge thickness represents the volume of direct comparative evidence.

Weighted mean differences (WMDs) with 95% confidence intervals are shown.
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have been extensively researched. Prior meta-analyses indicated that
folic acid (B9) might mitigate progression to dementia in healthy elderly
individuals, while no such benefits were observed for vitamins B12 or B6
[79]. Similarly, folic acid has been linked to cognitive improvements in
Alzheimer's disease [80]. Regarding vitamin D, previous research re-
ported a significant influence on overall cognition but found no effects
on specific domains [81].Our study extends these findings by demon-
strating that vitamin D3 alone significantly enhances visuospatial
function, a specific domain previously underreported. Furthermore,
while individual B vitamins showed limited efficacy in our analysis, we
observed that combining folic acid with DHA significantly improved
memory. This suggests that the cognitive benefits of vitamins may be
optimized through synergistic nutrient interactions rather than isolated
supplementation.

Omega-3 PUFAs exhibit anti-inflammatory and neuroprotective
properties, with several studies showing they inhibit f-amyloid forma-
tion[82-85]. While previous research by Tseng et al. indicated that
high-dose EPA mitigated cognitive decline in AD patients [86], and
another analysis found benefits for executive function in non-demented
individuals [87], our findings provide a more nuanced perspective.
Specifically, our analysis revealed that DHA alone significantly
improved processing speed with a high certainty of evidence. Specif-
ically, our analysis revealed that DHA alone significantly improved
processing speed with a high certainty of evidence. This superior effi-
cacy of DHA alone, compared to combined DHA and EPA protocols, is
likely attributable to dosage differences. Specifically, studies using DHA
alone provided doses up to 2 grams daily, whereas combined protocols
were limited to 800 mg. By disaggregating these interventions, our re-
sults clarify that previously inconsistent findings in literature may stem
from inadequate DHA dosages in combined supplementation regimens.
Although no statistically significant differences were observed in the
outcomes of omega-3 PUFA supplementation, the SUCRA analysis
ranked the combination of DHA and EPA as the second most probable
intervention for improving executive function and processing speed.
This ranking indicates a potential trend that merits further investigation.
However, it should not be interpreted as a definitive clinical benefit,
particularly in light of the inherent limitations of SUCRA and the pre-
viously discussed dosage variations.

Melatonin is widely acknowledged for its efficacy in improving sleep
quality [88] and offers additional benefits, such as free radical scav-
enging and oxidative stress reduction [89]. Quality sleep plays a sig-
nificant role in enhancing cognitive function, which may contribute to
slowing age-related cognitive decline. The findings of this study indicate
that melatonin serves as an effective intervention for enhancing global
cognition when compared to other nutritional supplements. Nonethe-
less, the study's scope was limited by its focus on a limited range of
cognitive domains, thereby hindering the ability to draw more
comprehensive conclusions.

Beyond B-vitamins, omega-3 PUFAs, and melatonin, recent evidence
from the ADNI cohort highlights the neuroprotective potential of tryp-
tophan, which appears to preserve cognitive function by supporting
hippocampal structural integrity [90]. This effect is likely mediated by
tryptophan serving as a precursor to serotonin, thereby modulating
synaptic plasticity and neuroinflammatory pathways [91]. Conversely,
the clinical efficacy of vitamin E remains controversial; for instance,
alpha-tocopherol form of vitamin E has shown limited capacity to halt
the progression from MCI to AD [92]. While our meta-analysis suggests
that a synergistic combination of DHA, EPA, vitamin E, tryptophan, and
melatonin may enhance cognition, this finding is currently limited by its
reliance on a single study. The lack of comprehensive research into
nutrient-nutrient interactions underscores the need for further clinical
and mechanistic exploration to validate these potential synergistic
effects.

While cognitive assessments highlighted improvements in specific
cognitive areas, biochemical markers such as homocysteine, vitamin
B12, and folate concentrations were analyzed to provide a more
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thorough understanding of the underlying metabolic changes. Emerging
evidence indicates that vitamin B12-related biomarkers, including hol-
otranscobalamin, homocysteine, and methylmalonic acid, are signifi-
cantly associated with memory and executive function in patients with
AD [93]. Additionally, recent study has demonstrated that, among in-
dividuals with AD or MCI, elevated homocysteine levels are associated
with phosphorylated tau 217, particularly in those who are non-carriers
of the APOE &4 allele [94]. In the studies incorporated into our analysis,
supplementation with folic acid, either independently or in conjunction
with vitamins B6 or B12, was shown to significantly reduce Hcy levels
and elevate serum concentrations of vitamin B12 and folate. Nonethe-
less, it is crucial to acknowledge that enhancements in these biochemical
markers do not consistently correspond to measurable improvements in
cognitive function among older adults or patients with MCI, as evi-
denced by the findings of Ford et al. [47]. This apparent discrepancy
may arise from the multifactorial and complex nature of AD and MCI
pathogenesis. Although serum vitamin B12 and Hcy levels are correlated
with cognitive function, this relationship does not necessarily imply
causation. While folic acid and vitamin B12 supplementation can
effectively modulate these biochemical parameters, such as reducing
Hcy and increasing serum vitamin B12 and folate levels, they may not
directly reverse or significantly alleviate the neuronal damage or
structural brain alterations that have already occurred.

In addition to individual nutrients, comprehensive dietary patterns
such as the Mediterranean, DASH, and MIND diets have demonstrated
significant neuroprotective potential [95,96]. These patterns prioritize
the intake of omega-3 fatty acids, polyphenols, and monounsaturated
fats while restricting pro-inflammatory components like saturated fats
and refined sugars. Mechanistically, these diets are hypothesized to
mitigate the production of proinflammatory cytokines and reactive ox-
ygen species (ROS), which may subsequently reduce amyloid plaque
formation and tau hyperphosphorylation. These patterns prioritize the
intake of omega-3 fatty acids, polyphenols, and monounsaturated fats
while restricting pro-inflammatory components like saturated fats and
refined sugars. Mechanistically, these diets are hypothesized to mitigate
the production of proinflammatory cytokines and ROS, which may
subsequently reduce amyloid plaque formation and tau hyper-
phosphorylation[97-99]. Notably, the MIND diet has shown a distinct
capacity to mitigate cognitive decline particularly in APOE-e4 carriers
and has been associated with reduced hippocampal atrophy [100,101].
Our findings align with this holistic perspective, as the superior efficacy
observed in synergistic nutrient combinations (e.g., DHA, EPA, and
Vitamin E) suggests that the cognitive benefits of nutrition are best
realized through integrated dietary frameworks rather than isolated
supplements. These results have significant implications for public
health and clinical practice. First, they suggest that nutritional in-
terventions for cognitive aging should transition from a "single-nutrient"
approach to more comprehensive, evidence-based dietary patterns
tailored to an individual’s genetic and metabolic profile. Second, the
observed domain-specific benefits provide a foundation for personalized
nutritional recommendations, such as prioritizing high-dose DHA for
processing speed or Vitamin D3 for visuospatial function. Finally, poli-
cymakers should emphasize the promotion of brain-healthy diets, such
as the MIND or Mediterranean patterns, as a cost-effective strategy for
alleviating the global burden of cognitive decline in aging populations.

Regarding the strengths of this review, the primary merit lies in its
comprehensive network meta-analysis that bridges the gap between
biochemical marker changes and multi-domain cognitive performance.
By evaluating interventions across six distinct cognitive domains, we
provide a more granular evidence hierarchy than traditional pairwise
meta-analyses, thereby offering a clearer perspective on domain-specific
nutritional efficacy. However, this study has several limitations. Firstly,
the study population was exclusively composed of individuals without
dementia, thereby excluding patients with AD. This exclusion restricts
the applicability of our findings to the broader AD population. Secondly,
only 36% of the included studies featured large sample sizes, which may
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introduce small sample bias and compromise the robustness of the re-
sults. Thirdly, the inherent variability in intervention regimens was
driven by evolving standards across different regions and time periods,
which precluded a separate analysis of dosage and duration. Conse-
quently, our findings are intended to highlight the directional neuro-
protective potential of these nutrients rather than providing specific
optimal dosage recommendations. Fourthly, as all interventions in the
included studies were administered orally, factors such as the accept-
ability and safety of nutrient supplements were not explicitly addressed.
Fifthly, non-dietary interventions, such as physical exercise, were not
incorporated into this analysis, potentially neglecting synergistic effects
between dietary and lifestyle interventions. Sixthly, our reliance on the
final reported outcomes of published studies precluded a precise anal-
ysis of changes in cognitive performance over time. Seventhly, we
prioritized the most frequently utilized assessment tool within each
cognitive domain to ensure methodological consistency; however, this
reliance on single tests rather than harmonized multi-test composites
may not fully capture the complexity of each domain and could poten-
tially increase the risk of false-positive results. Additionally, while
SUCRA curves provide a probabilistic ranking of intervention efficacy,
they have inherent methodological limitations, and the results should be
interpreted with caution.

Despite these limitations, our findings provide a foundational
framework for developing targeted nutritional interventions. Further
high-quality RCTs are necessary to refine these protocols for broader
clinical application. Future research should prioritize longitudinal trials
using harmonized cognitive composites to evaluate the long-term
impact of these nutrients on dementia incidence. Furthermore,
exploring the synergy between integrated dietary patterns and lifestyle
interventions remains essential for developing holistic preventive
strategies.

5. Conclusion

In conclusion, our study, supported by comprehensive subgroup and
sensitivity analyses, demonstrates that the cognitive benefits of nutri-
tional supplementation are characterized by significant domain-specific
variations. While multi-nutrient combinations may offer broader effi-
cacy across multiple functions, our findings emphasize that individuals
with specific cognitive deficits should prioritize targeted supplementa-
tion of particular nutrients. The consistency of these effects across
different analytical models suggests that nutritional strategies for
cognitive preservation should be tailored to the unique cognitive profile
of the target population. This evidence-based approach provides a more
precise and effective framework for personalizing nutritional in-
terventions to support healthy brain aging.

Funding

This work was supported by grants from the National Natural Science
Foundation of China (82371205), Tianjin Health Research Project
(TJWJ2023XK019), and Tianjin Public Health Science and Technology
Major Project (24ZXGZSY00180).
Ethics approval and consent to participate

Not applicable

Availability of data and materials

All data generated or analyzed during this study are included in this
published article and its supplementary information files.

12

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100518

Declaration of the use of generative Al and Al-assisted
technologies

The authors declare that no generative Al or Al-assisted technologies
were used in the writing of this manuscript or in the preparation of
figures, images, or artwork.

CRediT authorship contribution statement

Xing Liu: Writing — original draft, Project administration, Investi-
gation, Data curation, Conceptualization. Chenyi Yang: Writing — re-
view & editing, Visualization, Investigation. Xinyi Wang: Visualization,
Investigation. Huihui Liao: Investigation. Huan Liu: Investigation. Ji
Ma: Investigation. Yi Sun: Investigation. Haiyun Wang: Writing — re-
view & editing, Supervision, Conceptualization.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments
We would like to acknowledge the participants and researchers of

the studies included in this meta-analysis for their valuable contribu-
tions to this work.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.tjpad.2026.100518.

Reference

[1

Organization WH. Ageing and health. https://www.who.int/news-room/fact-sh
eets/detail/ageing-and-health; 2024. Accessed December 28, 2024.
Organization WH. Dementia. https://www.who.int/news-room/facts-in-pictures
/detail/dementia; 2024. Accessed December 28, 2024.

Erickson KI, Donofry SD, Sewell KR, Brown BM, Stillman CM. Cognitive aging
and the promise of physical activity. Annu Rev Clin Psychol 2022;18:417-42.
Boa Sorte, Silva NC, Barha CK, Erickson KI, Kramer AF, Liu-Ambrose T. Physical
exercise, cognition, and brain health in aging. Trends Neurosci 2024;47(6):
402-17.

Karssemeijer EGA, Aaronson JA, Bossers WJ, Smits T, Olde Rikkert MGM,
Kessels RPC. Positive effects of combined cognitive and physical exercise training
on cognitive function in older adults with mild cognitive impairment or
dementia: A meta-analysis. Ageing Res Rev 2017;40:75-83.

Grenier B, Berr C, Goldberg M, et al. Hearing Loss, Hearing Aids, and Cognition.
JAMA Netw Open 2024;7(10):e2436723.

Marino FR, Jiang K, Smith JR, et al. Inclusion of hearing and vision impairments
in cognitive training interventions, 9. New York, N Y): Alzheimer's & dementia;
2023, e12374.

Scarmeas N, Anastasiou CA, Yannakoulia M. Nutrition and prevention of
cognitive impairment. Lancet Neurol 2018;17(11):1006-15.

Gao L, Zhang Y, Sterling K, Song W. Brain-derived neurotrophic factor in
Alzheimer's disease and its pharmaceutical potential. Transl Neurodegener 2022;
11(1):4.

Porsteinsson AP, Isaacson RS, Knox S, Sabbagh MN, Rubino I. Diagnosis of Early
Alzheimer's Disease: Clinical Practice in 2021. j prev Alzheimer's dis 2021;8(3):
371-86.

El-Mezayen NS, Abd El Moneim RA, El-Rewini SH. Vitamin B12 as a cholinergic
system modulator and blood brain barrier integrity restorer in Alzheimer's
disease. Eur J Pharm Sci: Off J Eur Fed Pharm Sci 2022;174:106201.

Berg J, Grant R, Siervo M, Stephan BCM, Tully PJ. Efficacy of B Vitamin
Supplementation on Global Cognitive Function in Older Adults: A Systematic
Review and Meta-analysis. Nutr Rev 2025.

McCleery J, Abraham RP, Denton DA, et al. Vitamin and mineral supplementation
for preventing dementia or delaying cognitive decline in people with mild
cognitive impairment. Cochrane Database Syst Rev 2018;11(11):Cd011905.
Arellanes IC, Choe N, Solomon V, et al. Brain delivery of supplemental
docosahexaenoic acid (DHA): A randomized placebo-controlled clinical trial.
EBioMedicine 2020;59:102883.

[2]

[3

[4

[5

[6

[7

[8

[9]

[10]

[11]

[12]

[13]

[14]


https://doi.org/10.1016/j.tjpad.2026.100518
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/facts-in-pictures/detail/dementia
https://www.who.int/news-room/facts-in-pictures/detail/dementia
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0003
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0003
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0004
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0004
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0004
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0005
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0005
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0005
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0005
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0006
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0006
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0007
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0007
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0007
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0008
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0008
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0009
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0009
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0009
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0010
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0010
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0010
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0011
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0011
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0011
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0012
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0012
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0012
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0013
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0013
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0013
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0014
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0014
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0014

X. Liu et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]
[33]
[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

van de Rest O, Geleijnse JM, Kok FJ, et al. Effect of fish oil on cognitive
performance in older subjects: a randomized, controlled trial. Neurology 2008;71
(6):430-8.

Ichinose T, Matsuzaki K, Kato M, et al. Intake of Docosahexaenoic Acid-Enriched
Milk Beverage Prevents Age-Related Cognitive Decline and Decreases Serum Bone
Resorption Marker Levels. J Oleo Sci 2021;70(12):1829-38.

Kuszewski JC, Howe PRC, Wong RHX. Evaluation of Cognitive Performance
following Fish-Oil and Curcumin Supplementation in Middle-Aged and Older
Adults with Overweight or Obesity. J Nutr 2020;150(12):3190-9.

Siddarth P, Li Z, Miller KJ, et al. Randomized placebo-controlled study of the
memory effects of pomegranate juice in middle-aged and older adults. Am J Clin
Nutr 2020;111(1):170-7.

Liu X, Baxley S, Hebron M, Turner RS, Moussa C. Resveratrol Attenuates CSF
Markers of Neurodegeneration and Neuroinflammation in Individuals with
Alzheimer's Disease. Int J Mol Sci 2025;26(11).

Liu H, Le W. Epigenetic modifications of chronic hypoxia-mediated
neurodegeneration in Alzheimer's disease. Transl Neurodegener 2014;3(1):7.
Carey A, Parodi-Rullan R, Vazquez-Torres R, Canepa E, Fossati S. Homocysteine
potentiates amyloid f -induced death receptor 4- and 5-mediated cerebral
endothelial cell apoptosis, blood brain barrier dysfunction and angiogenic
impairment. Aging Cell 2024;23(5):e14106.

Reynolds E. Vitamin B12, folic acid, and the nervous system. Lancet Neurol 2006;
5(11):949-60.

Fasnacht JS, Wueest AS, Berres M, et al. Conversion between the Montreal
Cognitive Assessment and the Mini-Mental Status Examination. J Am Geriatr Soc
2023;71(3):869-79.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the
sample size, median, mid-range, and/or mid-quartile range. Stat Methods Med
Res 2018;27(6):1785-805.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC
Med Res Methodol 2014;14:135.

Niiesch E, Trelle S, Reichenbach S, et al. Small study effects in meta-analyses of
osteoarthritis trials: meta-epidemiological study. BMJ (Clin res ed) 2010;341:
c3515.

Sterne JAC, Savovic¢ J, Page MJ, et al. RoB 2: a revised tool for assessing risk of
bias in randomised trials. BMJ (Clin res ed) 2019;366:14898.

Team R. RStudio integrated development for R. https://www.rstudio.com/.
Accessed December 22, 2024.

van Valkenhoef G KJ. gemtc: network meta-analysis using Bayesian methods: R
package version 1.0-2. https://cran.r-project.org/web/packages/gemtc/index.
html. Accessed December 22, 2024.

Lunn D JC, Best N, Thomas A, Spiegelhalter D. The BUGS Book: A Practical
Introduction to Bayesian Analysis. Boca Raton, FL: Chapman & Hall/CRC; 2012.
Dias S, Sutton AJ, Ades AE, Welton NJ. Evidence synthesis for decision making 2:
a generalized linear modeling framework for pairwise and network meta-analysis
of randomized controlled trials. Med Decis Mak: Int J Soc Med Decis Mak 2013;33
(5):607-17.

Efthimiou O, Debray TP, van Valkenhoef G, et al. GetReal in network meta-
analysis: a review of the methodology. Res Synth Methods 2016;7(3):236-63.
Cohen J. Statistical Power Analysis for the Behavioural Sciences. 2nd ed.
Mahwah, NJ: Lawrence Erlbaum Associates; 1988.

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med 2010;29(7-8):932-44.

van Valkenhoef G, Lu G, de Brock B, Hillege H, Ades AE, Welton NJ. Automating
network meta-analysis. Res Synth Methods 2012;3(4):285-99.

Dias S, Sutton AJ, Welton NJ, Ades AE. Evidence synthesis for decision making 3:
heterogeneity-subgroups, meta-regression, bias, and bias-adjustment. Med Decis
Mak: Int J Soc Med Decis Mak 2013;33(5):618-40.

Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical summaries for
presenting results from multiple-treatment meta-analysis: an overview and
tutorial. J Clin Epidemiol 2011;64(2):163-71.

Andrieu S, Guyonnet S, Coley N, et al. Effect of long-term omega 3
polyunsaturated fatty acid supplementation with or without multidomain
intervention on cognitive function in elderly adults with memory complaints
(MAPT): a randomised, placebo-controlled trial. Lancet Neurol 2017;16(5):
377-89.

Baleztena J, Ruiz-Canela M, Sayon-Orea C, et al. Association between cognitive
function and supplementation with omega-3 PUFAs and other nutrients in > 75
years old patients: A randomized multicenter study. PLoS One 2018;13(3):
€0193568.

Bo Y, Zhang X, Wang Y, et al. The n-3 Polyunsaturated Fatty Acids
Supplementation Improved the Cognitive Function in the Chinese Elderly with
Mild Cognitive Impairment: A Double-Blind Randomized Controlled Trial.
Nutrients 2017;9(1).

Chiu CC, Su KP, Cheng TC, et al. The effects of omega-3 fatty acids monotherapy
in Alzheimer's disease and mild cognitive impairment: a preliminary randomized
double-blind placebo-controlled study. Prog Neuro-Psychopharmacol Biol
Psychiatry 2008;32(6):1538-44.

Dangour AD, Allen E, Clarke R, et al. Effects of vitamin B-12 supplementation on
neurologic and cognitive function in older people: a randomized controlled trial.
Am J Clin Nutr 2015;102(3):639-47.

De Jager CA, Oulhaj A, Jacoby R, Refsum H, Smith AD. Cognitive and clinical
outcomes of homocysteine-lowering B-vitamin treatment in mild cognitive
impairment: A randomized controlled trial. Int J Geriatr Psychiatry 2012;27(6):
592-600.

13

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100518

Duan H, Xu N, Yang T, et al. Effects of a food supplement containing
phosphatidylserine on cognitive function in Chinese older adults with mild
cognitive impairment: A randomized double-blind, placebo-controlled trial.

J Affect Disord 2024;369:35-42.

Durga J, van Boxtel MP, Schouten EG, et al. Effect of 3-year folic acid
supplementation on cognitive function in older adults in the FACIT trial: a
randomised, double blind, controlled trial. Lancet (Lond Engl) 2007;369(9557):
208-16.

Eussen SJ, de Groot LC, Joosten LW, et al. Effect of oral vitamin B-12 with or
without folic acid on cognitive function in older people with mild vitamin B-12
deficiency: a randomized, placebo-controlled trial. Am J Clin Nutr 2006;84(2):
361-70.

Ford AH, Flicker L, Alfonso H, et al. Vitamins B(12), B(6), and folic acid for
cognition in older men. Neurology 2010;75(17):1540-7.

Hu J, Jia J, Zhang Y, Miao R, Huo X, Ma F. Effects of vitamin D(3)
supplementation on cognition and blood lipids: a 12-month randomised, double-
blind, placebo-controlled trial. J Neurol Neurosurg Psychiatry 2018;89(12):
1341-7.

Kang JH, Cook N, Manson J, Buring JE, Albert CM. Grodstein F. A trial of B
vitamins and cognitive function among women at high risk of cardiovascular
disease. Am J Clin Nutr 2008;88(6):1602-10.

Kwok T, Lee J, Ma RC, et al. A randomized placebo controlled trial of vitamin B12
supplementation to prevent cognitive decline in older diabetic people with
borderline low serum vitamin B12. Clin Nutr 2017;36(6):1509-15.

Kwok T, Wu Y, Lee J, et al. A randomized placebo-controlled trial of using B
vitamins to prevent cognitive decline in older mild cognitive impairment patients.
Clin Nutr (Edinb Scotl) 2020;39(8):2399-405.

Lee LK, Shahar S, Chin AV, Yusoff NAM. Docosahexaenoic acid-concentrated fish
oil supplementation in subjects with mild cognitive impairment (MCI): A 12-
month randomised, double-blind, placebo-controlled trial. Psychopharmacology
2013;225(3):605-12.

Lewerin C, Matousek M, Steen G, Johansson B, Steen B, Nilsson-Ehle H.
Significant correlations of plasma homocysteine and serum methylmalonic acid
with movement and cognitive performance in elderly subjects but no
improvement from short-term vitamin therapy: a placebo-controlled randomized
study. Am J Clin Nutr 2005;81(5):1155-62.

Li M, Li W, Gao Y, et al. Effect of folic acid combined with docosahexaenoic acid
intervention on mild cognitive impairment in elderly: a randomized double-blind,
placebo-controlled trial. Eur J Nutr 2021;60(4):1795-808.

Lin PY, Cheng C, Satyanarayanan SK, et al. Omega-3 fatty acids and blood-based
biomarkers in Alzheimer's disease and mild cognitive impairment: A randomized
placebo-controlled trial. Brain Behav Immun 2022;99:289-98.

Liu W, Zheng DQ, Li X, et al. Effects of Vitamin D3 Combined with Folic Acid on
Domain and Specific Cognitive Function among Patients with Mild Cognitive
Impairment: A Randomized Clinical Trial. JPAD-J Prev Alzheimers Dis 2024.
Ma F, Li Q, Zhou X, et al. Effects of folic acid supplementation on cognitive
function and Ap-related biomarkers in mild cognitive impairment: a randomized
controlled trial. Eur J Nutr 2019;58(1):345-56.

Mahmoudi MJ, Hedayat M, Sharifi F, et al. Effect of low dose ®-3 poly
unsaturated fatty acids on cognitive status among older people: a double-blind
randomized placebo-controlled study. J Diabetes Metab Disord 2014;13(1):34.
Maltais M, Lorrain D, Léveillé P, et al. Long-chain Omega-3 fatty acids
supplementation and cognitive performance throughout adulthood: A 6-month
randomized controlled trial. Prostaglandins Leukot Essent Fat Acids 2022;178:
102415.

McMahon JA, Green TJ, Skeaff CM, Knight RG, Mann JI, Williams SM.

A controlled trial of homocysteine lowering and cognitive performance. N Engl J
Med 2006;354(26):2764-72.

Mengelberg A, Leathem J, Podd J, Hill S, Conlon C. The effects of
docosahexaenoic acid supplementation on cognition and well-being in mild
cognitive impairment: A 12-month randomised controlled trial. Int J Geriatr
Psychiatry 2022;37(5).

Montero-Odasso M, Zou G, Speechley M, et al. Effects of Exercise Alone or
Combined With Cognitive Training and Vitamin D Supplementation to Improve
Cognition in Adults With Mild Cognitive Impairment: A Randomized Clinical
Trial. JAMA Netw Open 2023;6(7):e2324465.

Naeini AM, Elmadfa I, Djazayery A, et al. The effect of antioxidant vitamins E and
C on cognitive performance of the elderly with mild cognitive impairment in
Isfahan, Iran: a double-blind, randomized, placebo-controlled trial. Eur J Nutr
2014;53(5):1255-62.

Pathansali R, Mangoni AA, Creagh-Brown B, et al. Effects of folic acid
supplementation on psychomotor performance and hemorheology in healthy
elderly subjects. Arch Gerontol Geriatr 2006;43(1):127-37.

Perta-Kajan J, Wioczkowska O, Ziota-Frankowska A, et al. Paraoxonase 1, B
Vitamins Supplementation, and Mild Cognitive Impairment. J Alzheimers Dis
2021;81(3):1211-29.

Phillips MA, Childs CE, Calder PC, Rogers PJ. No Effect of Omega-3 Fatty Acid
Supplementation on Cognition and Mood in Individuals with Cognitive
Impairment and Probable Alzheimer's Disease: A Randomised Controlled Trial.
Int J Mol Sci 2015;16(10):24600-13.

Pipingas A, Camfield DA, Stough C, et al. Effects of multivitamin, mineral and
herbal supplement on cognition in younger adults and the contribution of B group
vitamins. Hum Psychopharmacol 2014;29(1):73-82.

Rondanelli M, Opizzi A, Faliva M, et al. Effects of a diet integration with an oily
emulsion of DHA-phospholipids containing melatonin and tryptophan in elderly


http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0016
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0016
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0016
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0017
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0018
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0018
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0018
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0019
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0019
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0019
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0020
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0020
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0020
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0021
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0021
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0022
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0022
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0022
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0022
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0023
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0023
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0024
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0024
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0024
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0025
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0025
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0025
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0026
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0026
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0026
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0027
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0027
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0027
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0028
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0028
https://www.rstudio.com/
https://cran.r-project.org/web/packages/gemtc/index.html
https://cran.r-project.org/web/packages/gemtc/index.html
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0031
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0031
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0032
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0032
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0032
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0032
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0033
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0033
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0034
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0034
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0035
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0035
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0036
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0036
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0037
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0037
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0037
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0038
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0038
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0038
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0039
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0039
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0039
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0039
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0039
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0040
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0040
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0040
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0040
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0041
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0041
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0041
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0041
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0042
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0042
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0042
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0042
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0043
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0044
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0045
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0045
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0045
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0045
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0046
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0046
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0046
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0046
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0047
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0047
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0047
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0047
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0048
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0048
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0049
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0049
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0049
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0049
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0050
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0050
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0050
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0051
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0051
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0051
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0052
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0052
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0052
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0053
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0053
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0053
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0053
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0054
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0054
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0054
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0054
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0054
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0055
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0055
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0055
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0056
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0056
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0056
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0057
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0057
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0057
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0058
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0058
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0058
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0059
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0059
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0059
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0060
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0060
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0060
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0060
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0061
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0061
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0061
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0015
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0015
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0015
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0015
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0062
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0062
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0062
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0062
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0063
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0063
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0063
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0063
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0064
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0064
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0064
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0065
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0065
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0065
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0066
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0066
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0066
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0066
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0067
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0067
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0067
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0068
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0068

X. Liu et al.

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

patients suffering from mild cognitive impairment. Nutr Neurosci 2012;15(2):
46-54.

Stott DJ, MacIntosh G, Lowe GD, et al. Randomized controlled trial of
homocysteine-lowering vitamin treatment in elderly patients with vascular
disease. Am J Clin Nutr 2005;82(6):1320-6.

van der Zwaluw NL, Dhonukshe-Rutten RA, van Wijngaarden JP, et al. Results of
2-year vitamin B treatment on cognitive performance: secondary data from an
RCT. Neurology 2014;83(23):2158-66.

van Uffelen JG, Chinapaw MJ, van Mechelen W, Hopman-Rock M. Walking or
vitamin B for cognition in older adults with mild cognitive impairment? A
randomised controlled trial. Br J Sports Med 2008;42(5):344-51.

Vauzour D, Scholey A, White DJ, et al. A combined DHA-rich fish oil and cocoa
flavanols intervention does not improve cognition or brain structure in older
adults with memory complaints: results from the CANN randomized, controlled
parallel-design study. Am J Clin Nutr 2023;118(2):369-81.

Wolters M, Hickstein M, Flintermann A, Tewes U, Hahn A. Cognitive performance
in relation to vitamin status in healthy elderly German women-the effect of 6-
month multivitamin supplementation. Prev Med 2005;41(1):253-9.

Xu L, Yu H, Sun H, Hu B, Geng Y. Dietary Melatonin Therapy Alleviates the
Lamina Cribrosa Damages in Patients with Mild Cognitive Impairments: A
Double-Blinded, Randomized Controlled Study. Med Sci Monit: Int Med J Exp
Clin Res 2020;26:923232.

Yang T, Wang H, Xiong Y, et al. Vitamin D Supplementation Improves Cognitive
Function Through Reducing Oxidative Stress Regulated by Telomere Length in
Older Adults with Mild Cognitive Impairment: A 12-Month Randomized
Controlled Trial. J Alzheimers Dis 2020;78(4):1509-18.

Yurko-Mauro K, McCarthy D, Rom D, et al. Beneficial effects of docosahexaenoic
acid on cognition in age-related cognitive decline. Alzheimer's Dement 2010;6(6):
456-64.

Zhang YP, Lou Y, Hu J, Miao R, Ma F. DHA supplementation improves cognitive
function via enhancing Af-mediated autophagy in Chinese elderly with mild
cognitive impairment: A randomised placebo-controlled trial. J Neurol Neurosurg
Psychiatry 2018;89(4):382-8.

Zhang YP, Miao R, Li Q, Wu T, Ma F. Effects of DHA Supplementation on
Hippocampal Volume and Cognitive Function in Older Adults with Mild
Cognitive Impairment: A 12-Month Randomized, Double-Blind, Placebo-
Controlled Trial. J Alzheimer's Dis 2017;55(2):497-507.

Wang Z, Zhu W, Xing Y, Jia J, Tang Y. B vitamins and prevention of cognitive
decline and incident dementia: a systematic review and meta-analysis. Nutr Rev
2022;80(4):931-49.

Xu M, Zhu Y, Chen J, et al. Effects of folic acid supplementation on cognitive
impairment: A meta-analysis of randomized controlled trials. J Evid Based Med
2024;17(1):134-44.

Chen WY, Cheng YC, Chiu CC, et al. Effects of Vitamin D Supplementation on
Cognitive Outcomes: A Systematic Review and Meta-Analysis. Neuropsychol Rev
2024;34(2):568-80.

Ma X, Guo Y, Xu J, et al. Effects of distinct n-6 to n-3 polyunsaturated fatty acid
ratios on insulin resistant and AD-like phenotypes in high-fat diets-fed APP/PS1
mice. Food Res Int (Ott Ont) 2022;162(Pt B):112207.

Shao Y, Li F, Zou B, et al. Up-regulation of myelin-associated glycoprotein is
associated with the ameliorating effect of omega-3 polyunsaturated fatty acids on
Alzheimer's disease progression in APP-PS1 transgenic mice. Food Funct 2024;15
(22):11236-51.

14

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100518

Janssen CI, Kiliaan AJ. Long-chain polyunsaturated fatty acids (LCPUFA) from
genesis to senescence: the influence of LCPUFA on neural development, aging,
and neurodegeneration. Prog Lipid Res 2014;53:1-17.

Xu J, Ni B, Ma C, et al. Docosahexaenoic acid enhances hippocampal insulin
sensitivity to promote cognitive function of aged rats on a high-fat diet. J Adv Res
2023;45:31-42.

Tseng PT, Zeng BS, Suen MW, et al. Efficacy and acceptability of anti-
inflammatory eicosapentaenoic acid for cognitive function in Alzheimer's
dementia: A network meta-analysis of randomized, placebo-controlled trials with
omega-3 fatty acids and FDA-approved pharmacotherapy. Brain Behav Immun
2023;111:352-64.

Suh SW, Lim E, Burm SY, et al. The influence of n-3 polyunsaturated fatty acids on
cognitive function in individuals without dementia: a systematic review and dose-
response meta-analysis. BMC Med 2024;22(1):109.

Mukherjee U, Sehar U, Brownell M, Reddy PH. Mechanisms, consequences and
role of interventions for sleep deprivation: Focus on mild cognitive impairment
and Alzheimer's disease in elderly. Ageing Res Rev 2024;100:102457.

Carretero VJ, Ramos E, Segura-Chama P, et al. Non-Excitatory Amino Acids,
Melatonin, and Free Radicals: Examining the Role in Stroke and Aging. Antioxid
(Basel Switz) 2023;12(10).

Azargoonjahromi A. Plasma tryptophan levels are linked to hippocampal integrity
and cognitive function in individuals with mild cognitive impairment. Brain
Imaging Behav 2025;19(2):485-96.

Xie L, Wu Q, Li K, et al. Tryptophan Metabolism in Alzheimer's Disease with the
Involvement of Microglia and Astrocyte Crosstalk and Gut-Brain Axis. Aging Dis
2024;15(5):2168-90.

Farina N, Llewellyn D, Isaac M. Tabet N. Vitamin E for Alzheimer's dementia and
mild cognitive impairment. Cochrane Database Syst Rev 2017;4(4):Cd002854.
Hooshmand B, Appold F, Fissler P, et al. Markers of Vitamin B12 Status in
Relation to Cerebrospinal Fluid Biomarkers of Alzheimer's Disease and Cognitive
Performance. Ann Neurol 2023;94(2):223-31.

Lin WZ, Yu D, Xiong LY, et al. Homocysteine, neurodegenerative biomarkers, and
APOE ¢4 in neurodegenerative diseases. Alzheimers Dement 2024.

Fekete M, Szarvas Z, Fazekas-Pongor V, et al. Nutrition strategies promoting
healthy aging: from improvement of cardiovascular and brain health to
prevention of age-associated diseases. 2022;15(1):47.

Mitrou PN, Kipnis V, Thiébaut AC, et al. Mediterranean dietary pattern and
prediction of all-cause mortality in a US population: results from the NIH-AARP
Diet and Health Study. 2007;167(22):2461-2468.

Price NL, Gomes AP, Ling AJ, et al. SIRT1 is required for AMPK activation and the
beneficial effects of resveratrol on mitochondrial function. 2012;15(5):675-690.
Diaz G, Lengele L, Sourdet S, Soriano G, de Souto, Barreto P. Nutrients and
amyloid f status in the brain: A narrative review. Ageing Res Rev 2022;81:
101728.

Hooper C, Coley N, Delrieu J, Guyonnet S. Lifestyle factors and plasma
biomarkers of Alzheimer's disease: A narrative review. J Prev Alzheimer's Dis
2025;12(6):100130.

Liu X, Sacks FM, Beck T, et al. Apolipoprotein E -e4-dependent associations
between carotenoids and cognitive decline: Findings from the Mediterranean-
Dietary Approaches to Stop Hypertension (DASH) intervention for
neurodegenerative delay (MIND) randomized controlled trial. Am J Clin Nutr
2025.

Agarwal P, Agrawal S, Wagner M, et al. MIND Diet and Hippocampal Sclerosis
Among Community-Based Older Adults. JAMA Netw Open 2025;8(8):e2526089.


http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0068
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0068
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0069
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0069
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0069
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0070
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0070
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0070
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0071
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0071
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0071
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0072
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0072
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0072
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0072
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0073
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0073
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0073
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0074
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0074
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0074
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0074
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0075
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0075
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0075
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0075
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0076
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0076
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0076
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0077
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0077
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0077
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0077
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0078
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0078
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0078
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0078
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0079
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0079
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0079
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0080
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0080
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0080
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0081
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0081
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0081
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0082
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0082
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0082
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0083
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0083
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0083
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0083
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0084
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0084
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0084
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0085
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0085
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0085
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0086
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0086
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0086
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0086
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0086
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0087
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0087
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0087
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0088
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0088
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0088
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0089
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0089
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0089
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0090
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0090
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0090
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0091
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0091
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0091
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0092
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0092
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0093
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0093
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0093
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0094
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0094
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0098
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0098
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0098
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0099
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0099
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0099
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0100
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0100
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0100
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0100
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0100
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0101
http://refhub.elsevier.com/S2274-5807(26)00042-7/sbref0101

	Nutritional supplements and cognition in healthy aging and mild cognitive impairment patients: a systematic review and netw ...
	1 Introduction
	2 Methods
	2.1 Basic information
	2.2 Eligibility criteria
	2.3 Identification of included studies
	2.4 Data extraction
	2.5 Assessment of quality and risk of bias
	2.6 Statistical analysis

	3 Results
	3.1 Global cognition
	3.2 Attention
	3.3 Executive function
	3.4 Memory
	3.5 Processing speed
	3.6 Visuospatial function
	3.7 Homocysteine
	3.8 Vitamin B12
	3.9 Folate
	3.10 Sensitivity analysis

	4 Discussion
	5 Conclusion
	Funding
	Ethics approval and consent to participate
	Availability of data and materials
	Declaration of the use of generative AI and AI-assisted technologies
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Supplementary materials
	Reference


