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ARTICLE INFO ABSTRACT

Keywords: Background: While omega-3 fatty acid supplementation is widely used for cognitive protection, its efficacy re-
Alzheimer mains controversial, and its impact on core Alzheimer's disease (AD) pathologies in humans is not well-
Omega-3 established.

i(lf;lotz; Methods: This longitudinal study utilized data from the Alzheimer's Disease Neuroimaging Initiative (ADNI). We
Tau employed linear mixed-effects models to assess the association between omega-3 supplementation and longi-

tudinal cognitive decline, and mediation analyses to examine whether this relationship was mediated by core AD
pathologies (Ap-PET, tau-PET, T1-MRI, FDG-PET).

Results: Omega-3 supplementation was associated with significantly accelerated cognitive decline, as evidenced
by a faster decrease in MMSE scores (f = -0.266, p < 0.001) and a faster increase in both ADAS-Cogl3 (f =
0.823, p < 0.001) and CDR-SB scores (f = 0.205, p < 0.001). This association was not mediated by Ap deposition,
tau pathology, or gray matter atrophy. Instead, longitudinal FDG hypometabolism within AD-vulnerable regions
served as a significant mediating pathway, accounting for 30.8%, 40.8%, and 19.0% of the total effect on the
decline in MMSE, ADAS-Cog13, and CDR-SB, respectively.

Conclusions: Omega-3 supplementation may be associated with accelerated cognitive decline in older adults,
potentially through adverse effects on cerebral synaptic function rather than classical AD proteinopathies. These
findings challenge the prevailing view of omega-3 as uniformly beneficial and highlight the need for a cautious
reassessment of its widespread use for cognitive protection.

synaptic dysfunction

1. Background

Alzheimer’s disease (AD), the leading cause of dementia, imposes a
growing global public health burden [1]. Individuals with AD initially
present with short-term memory difficulties and amnestic cognitive
impairment. As the disease progresses, they gradually develop deficits
across multiple cognitive domains, including visuospatial processing,
attention, language, and executive function, ultimately leading to sig-
nificant loss of daily living abilities [2,3]. The core pathological

hallmarks of AD include the extracellular deposition of f-amyloid (Af)
plaques, the intracellular aggregation of hyperphosphorylated tau pro-
tein, and subsequent neurodegeneration [4]. Research indicates that Ap
deposition begins more than 20 years before the onset of clinical
symptoms [5], and is regarded as the initiating event in the AD patho-
logical cascade [6,7]. In contrast, the propagation of pathological tau is
more closely paralleled to cognitive decline and is considered a key
driver of neuronal dysfunction [8,9]. These pathological proteins can be
detected in vivo using molecular imaging techniques, namely amyloid f
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positron emission tomography (Ap PET) [10] and tau PET [11]. Neu-
rodegeneration, the irreversible loss of neurons and synapses, is the
direct pathological basis for cognitive deficits [12]. This can be captured
by gray matter volume (GMV) atrophy on structural magnetic resonance
imaging (sMRI) [13] and synaptic dysfunction on fluorodeox-
yglucose-PET (FDG PET) [14].

However, despite substantial advances in understanding the mech-
anisms of AD, effective therapeutic strategies directly targeting its core
pathology remain limited. Consequently, identifying modifiable risk
factors to prevent or delay cognitive decline is of critical public health
importance [15,16]. Recently, dietary interventions [17], particularly
the role of omega-3 polyunsaturated fatty acids (PUFAs) in slowing
cognitive decline, have garnered widespread attention. Omega-3 fatty
acids are a class of PUFAs characterized by a double bond at the omega-3
position, primarily including docosahexaenoic acid (DHA), eicosa-
pentaenoic acid (EPA), and alpha-linolenic acid (ALA) [18]. Numerous
animal studies and observational studies have suggested that omega-3
fatty acids possess neuroprotective properties and may slow cognitive
decline [19-22]. Nevertheless, this benefit has not been consistently
confirmed in randomized controlled trials (RCTs) [23]. Most RCTs
report no cognitive benefit from omega-3 fatty acids supplementation in
AD patients [24-27], and one recent trial even suggested adverse effects
on synaptic integrity [28].

This ongoing controversy underscores the need to clarify whether
omega-3 supplementation influences cognitive trajectories and its un-
derlying biological pathways [23]. To address this issue, this study
utilizes data from the Alzheimer's Disease Neuroimaging Initiative
(ADNI) database to investigate the association between omega-3 sup-
plementation and longitudinal cognitive decline and to test whether this
relationship is mediated by core AD pathologies, including A, tau, and
neurodegeneration. By elucidating these specific neurobiological path-
ways, we aim to provide clinical evidence that informs the debate
regarding the role of omega-3 fatty acids supplementation in slowing
cognitive decline.

2. Methods
2.1. Participants

Data used in the preparation of this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.
loni.usc.edu). The ADNI was launched in 2003 as a public-private
partnership, led by Principal Investigator Michael W. Weiner, MD. The
primary goal of ADNI has been to test whether serial magnetic resonance
imaging (MRI), positron emission tomography (PET), other biological
markers, and clinical and neuropsychological assessment can be com-
bined to measure the progression of mild cognitive impairment (MCI)
and early AD. The study included participants aged 55 to 90 years,
encompassing cognitively normal (CN) older adults, individuals with
significant memory concern (SMC), and patients diagnosed with MCI or
dementia due to AD. Comprehensive assessments were performed,
encompassing clinical evaluations, neuropsychological testing, genetic
analyses, MRI and PET imaging, as well as detailed medical and personal
history interviews. All participants provided written informed consent.
The study protocol was approved by the Institutional Review Board of
Daping Hospital, Third Military Medical University.

2.2. Cognitive measurements

This study employed three commonly used cognitive scales to assess
longitudinal trajectories associated with omega-3 supplementation: the
Mini-Mental State Examination (MMSE), the Alzheimer’s Disease
Assessment Scale—Cognitive Subscale 13 (ADAS-Cog13), and the Clinical
Dementia Rating—Sum of Boxes (CDR-SB). The MMSE (range 0-30) is a
brief global screening tool for cognitive impairment, with higher scores
indicating better cognitive performance [29]. The ADAS-Cog13 (range
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0-85) is widely used to evaluate therapeutic efficacy and disease pro-
gression, covering multiple domains including memory, language,
praxis, attention, and other cognitive functions, with higher scores
reflecting greater impairment [30]. The CDR-SB (range 0-18), a quan-
titative extension of Clinical Dementia Rating (CDR), like the
ADAS-Cog13, higher scores indicate worse performance [31].

2.3. Information about omega-3 supplementation and APOE ¢4 carrier
status

The apolipoprotein E (APOE) genotype was determined based on two
single-nucleotide polymorphisms (SNPs), rs429358 and rs7412, which
define the €2, €3, and €4 alleles. Participants carrying at least one €4
allele were classified as APOE €4 carriers, while all others were classified
as non-carriers. Omega-3 supplementation encompassed several types,
such as fish oil, flaxseed oil, and krill oil. For analysis, the exposure time
point for omega-3 users was defined as the first follow-up visit after a
participant reported initiating supplementation. Visits before and after
this time point were classified as the non-exposure and exposure pe-
riods, respectively.

2.4. MRI and PET imaging processing

Detailed acquisition parameters for 3D T1-weighted MRI and PET
can be accessed from the ADNI information portal (http://adni-info.
org). Structural MRI data were processed using FreeSurfer (version
4.4.0) for cortical and subcortical segmentation. From the complete set
of segmentations generated by FreeSurfer, regional GMV was specif-
ically extracted for 68 cortical regions of interest (ROIs) defined by the
Desikan-Killiany atlas for use in our regional analyses [32]. Because gray
matter volume (GMV), Af, tau, and fluorodeoxyglucose (FDG) abnor-
malities manifest in distinct brain regions, composite ROIs were defined
for each pathology. For gray matter volume, the meta-region of interest
gray matter volume (Meta-ROI GMV) was defined as a composite of
AD-specific atrophy regions, including the entorhinal cortex, fusiform
gyrus, inferior temporal gyrus, and middle temporal gyrus [33]. The
composite index was calculated by summing GMV across these regions.
All PET images, including Ap PET (‘®F-florbetapir, FBP), tau PET
(*®F-flortaucipir, FTP), and FDG PET, were coregistered to the closest
structural MRI. Regional standardized uptake value ratio (SUVR) values
for FBP and FTP across the 68 Desikan-Killiany ROIs were extracted in
the native T1 space for regional analyses. Composite SUVR measures
were also calculated for each tracer. The Meta-ROI FBP SUVR was
calculated as the volume-weighted average uptake in the frontal,
cingulate, lateral parietal, and lateral temporal cortices [34], normal-
ized to whole cerebellum uptake. The Meta-ROI FTP SUVR was calcu-
lated as the volume-weighted average uptake in the entorhinal cortex,
amygdala, fusiform gyrus, inferior temporal gyrus, and middle temporal
gyrus [33], normalized to the inferior cerebellar gray matter. The
Meta-ROI FDG SUVR was calculated as the mean uptake in the left
angular gyrus, right angular gyrus, bilateral posterior cingulate cortex,
left inferior temporal gyrus, and right inferior temporal gyrus [35],
normalized to the pons and cerebellar vermis.

2.5. Statistical analysis

All statistical analyses were performed in R (version 4.5.0). To con-
trol for baseline confounding, propensity score matching (PSM) was
conducted using 1:2 nearest-neighbor matching with a caliper of 0.2.
The propensity score model incorporated age, sex, APOE g4 status, and
diagnosis as covariates. Continuous variables were summarized as me-
dians with interquartile ranges (IQR), and categorical variables as
counts with percentages. Group differences at baseline were assessed
using two-sided Mann-Whitney U tests or Fisher’s exact tests. To further
assess covariate balance after propensity score matching, standardized
mean differences (SMDs) were calculated, with an SMD < 0.1 indicating
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adequate balance.

To assess the effects of omega-3 supplementation on cognitive tra-
jectories and core AD pathologies, linear mixed effects models (LMMs)
were fitted to estimate whether longitudinal changes (slopes, A) in
cognitive scores and imaging biomarkers differed between the omega-3
exposed and non-exposed groups. The outcomes included cognitive
scores (MMSE, ADAS-Cogl3, CDR-SB), composite biomarker measures
(Meta-ROI FBP SUVR, Meta-ROI FTP SUVR, Meta-ROI GMV, Meta-ROI
FDG SUVR), and the regional biomarker measures (including FBP
SUVR, FTP SUVR, and GMV) across 68 ROIs. Models were adjusted for
age, sex, APOE &4 status, and diagnosis, with random intercept and slope
for each participant (except for the FTP SUVR model, which included a
random intercept only). Notably, the model with GMV as the dependent
variable was additionally adjusted for intracranial volume (ICV) [36].
Continuous variables with large scale differences (GMV, ICV, and Age)
were standardized (mean = 0, SD = 1) prior to modeling. The model is as
follows:

model : Cognitive scores OR Imaging biomarkers
~ Time * Omega3 status + Age + Sex + APOE ¢4 status
+ Diagnosis + (1 + Time | Individual)

For the analysis assessing the association between omega-3 supple-
mentation and the 68 regional biomarkers, we corrected for multiple
comparisons by controlling the false discovery rate (FDR) using the
Benjamini-Hochberg procedure; an adjusted p-value < 0.05 was
considered statistically significant.

To assess the possibility of reverse causality, where the decision to
initiate omega-3 supplementation might be influenced by an in-
dividual’s pre-existing health trajectory, We compared the longitudinal
trajectories during the pre-supplementation period in future omega-3
users with those in matched non-users. This comparison included the
cognitive scores and the key neuroimaging biomarkers.

We then conducted mediation analyses to provide an integrative
evaluation of the associations among omega-3 supplementation, core
AD pathologies, and cognitive decline, and to further quantify the spe-
cific mediating contribution of core AD pathologies to the relationship
between omega-3 supplementation and cognitive decline. Indirect

A
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effects were estimated using the product-of-coefficients method (B; x
B2) within a longitudinal mediation framework, with 5,000 bootstrap
iterations employed to derive 95% confidence intervals (CIs) for both
indirect and total effects. Indirect and total effects were considered
statistically significant if the 95% CI did not include zero. All mediation
models were adjusted for age, sex, APOE €4 status, and diagnosis.

3. Results
3.1. Demographics

The participant selection procedure is illustrated in Fig. 1. A total of
1,814 participants were initially identified from the ADNI cohort,
comprising 1,541 omega-3 non-users and 273 users (Table S1). After
PSM for age, sex, APOE &4 status, and diagnosis, the final cohort
included 546 matched non-users and 273 users, with a median follow up
duration of 5 years (IQR 3-8.5). With respect to omega-3 supplementa-
tion, the primary formulation reported was fish oil (Fig. S1).

The baseline characteristics of the matched sample are summarized
in Table 1. Missing data for the variables are presented in the 'Missing'
row below. Specifically, omega-3 users and non-users had comparable
median age, sex composition, frequencies of APOE ¢4 carriers, diagnosis
composition, median education years, median ADAS-Cogl3 scores,
median FDG-SUVR, proportions of subjects with stroke, insomnia,
depression, anxiety, and Parkinson’s disease.

3.2. Association between omega-3 supplementation and cognitive
trajectories

Linear mixed-effects models, adjusted for age, sex, APOE &4 status,
and diagnosis, revealed a significant time-by-omega-3 interaction
(Fig. 2). The P coefficients for the interaction term represent the addi-
tional annual rate of change associated with omega-3 exposure, over and
above the rate observed in the unexposed group. Specifically, in-
dividuals with omega-3 supplementation exhibited a faster decline in
MMSE scores (B = —0.266, 95% CI [-0.360, —0.173], p < 0.001;
Fig. 2A), a faster increase in ADAS-Cogl3 scores (p = 0.823, 95% CI
[0.562, 1.080], p < 0.001; Fig. 2B), and a faster increase in CDR-SB

Dataset: ADNI
Participants with > 2 follow up measurements (N =2042)

Excluded 227 participants without
—> age, sex, APOE &4 status, or diagnosis
information at baseline

1814 remaining participants
(273 omega-3 users and 1541 non-users)

— 995 non-users excluded after PSM

Participants with comparable baseline characteristics
between groups (N = 819)

273 omega-3 users 546 non-users

Sample collection

273 omega-3 users

73.3 years old (IQR 59.5-85.9)
5.0 years (IQR 3.0-8.5) of follow up

l

Data acquisition

Age, sex, APOE €4 status, diagnosis, cognitive scores, and
omega-3 supplementattion

.@Q@

ABPET tau PET T1W-MRI FDG PET

Statistical analysis

The relationship of omega-3 supplementation to cognitive scores

and AD pathologies
AD

546 non-users

Omega-3 cognitive
scores

Fig. 1. Participant selection flowchart and study design. Flowchart of the study participants derived from the ADNI (A). Conceptual framework outlining the study
pipeline (B). ADNI, Alzheimer's Disease Neuroimaging Initiative; PSM, Propensity Score Matching; IQR, interquartile range; AD, Alzheimer’s disease; TIW-MRI, T1-
weighted magnetic resonance imaging; Ap, amyloid-p; FDG, Fluorodeoxyglucose; PET, positron emission tomography.
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Table 1
Demographic characteristics of participants.
Group
Omega-3 non- Omega-3
users Users
Characteristic N = 546 N =273 SMD P.value
Age,median(IQR,range) 73.5 (68.2, 73.0 (69.3, 0.05 0.543
78.5) 77.4)
Gender,n(%) 0.05 0.544
Male 337 (61.7%) 162 (59.3%)
Female 209 (38.3%) 111 (40.7%)
APOE €4,n(%) 0.04 0.655
No 298 (54.6%) 154 (56.4%)
Yes 248 (45.4%) 119 (43.6%)
Diagnosis,n(%) 0.07 0.717
CN 158 (28.9%) 79 (28.9%)
SMC 10 (1.8%) 3(1.1%)
EMCI 134 (24.5%) 65 (23.8%)
MCI 187 (34.2%) 95 (34.8%)
LMCI 27 (4.9%) 14 (5.1%)
AD 30 (5.5%) 17 (6.2%)
Education,median(IQR, 16.0 (14.0, 16.0 (14.0, -0.03  0.761
range) 18.0) 18.0)
Missing 371 104
ADAS-Cog13,median 12.0 (8.0,16.0) 12.0 (8.0, 0.01 0.932
(IQR,range) 17.0)
Missing 227 167
FDG SUVR,median(IQR, 1.2(1.1,1.3) 1.2(1.1,1.3) -0.03 0.913
range)
Missing 148 82
Stroke,n(%) 0.12 >0.999
No 269 (99.3%) 56 (100.0%)
Yes 2 (0.7%) 0 (0.0%)
Missing 275 217
Parkinson,n(%) 0.14 0.251
No 320 (100.0%) 106 (99.1%)
Yes 0 (0.0%) 1 (0.9%)
Missing 226 166
Insomnia,n(%) 0.08 0.804
No 40 (81.6%) 40 (78.4%)
Yes 9 (18.4%) 11 (21.6%)
Missing 497 222
Anxiety,n(%) 0.15 0.363
No 241 (88.9%) 47 (83.9%)
Yes 30 (11.1%) 9 (16.1%)
Missing 275 217
Depression,n(%) 0.01 >0.999
No 251 (92.6%) 52 (92.9%)
Yes 20 (7.4%) 4 (7.1%)
Missing 275 217

Note. Data are presented as median (interquartile range) for continuous vari-
ables and counts (%) for categorical variables. Group comparisons were con-
ducted using the Mann—-Whitney U test or Fisher’s exact test, as appropriate.
Standardized mean differences (SMD) were also calculated to assess covariate
balance after matching, with SMD < 0.1 indicating adequate balance.
Abbreviations: IQR, interquartile range; APOE, apolipoprotein E; CN, cogni-
tively normal; EMCI, early mild cognitive impairment; LMCI, late mild cognitive
impairment; SMC, significant memory concern; AD, Alzheimer’s disease; ADAS-
Cog13, Alzheimer’s Disease Assessment Scale-Cognitive subscale 13; FDG, flu-
orodeoxyglucose; SUVR, standardized uptake value ratio.

scores (B = 0.205, 95% CI [0.146, 0.264], p < 0.001; Fig. 2C), indicating
more rapid cognitive deterioration over time among omega-3 exposed
group.

3.3. Association between omega-3 supplementation and neuroimaging
biomarkers

Compared with non-exposed group, omega-3 supplementation was
not associated with longitudinal changes in Ap deposition (Meta-ROI
FBP SUVR: = 0.000, 95% CI [—0.006, 0.005]; Fig. 3A); tau aggregation
(Meta-ROI FTP SUVR: p = 0.000, 95% CI [—0.015, 0.015]; Fig. 3B), or
GMV atrophy (Meta-ROI GMV: § = —0.018, 95% CI [—0.046, 0.011];
Fig. 3C). Furthermore, analyses across all 68 individual ROIs revealed no
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significant associations with Ap, tau, or GMV after FDR correction (all
FDR-adjusted p-values > 0.05; Table S2-4). In contrast, omega-3
exposed group exhibited a significantly greater longitudinal decline in
composite regional glucose metabolism, as indexed by Meta-ROI FDG
SUVR (B = —0.011, 95% CI [-0.016, —0.006]; Fig. 4A), suggesting a
potential link to synaptic injury.

3.4. No pre-existing differences in cognitive or FDG-SUVR trajectories
before the initiation of omega-3 supplementation

To assess the potential for reverse causality, we compared longitu-
dinal trajectories during the pre-supplementation period in future
omega-3 users with those of matched non-users across cognitive (MMSE,
ADAS-Cog13, CDR-SB) and metabolic (Meta-ROI FDG SUVR) measures.
No significant differences were observed, indicating no evidence of pre-
existing decline in future users relative to non-users (MMSE: § = -0.002,
95% CI [-0.223, 0.221]; ADAS-Cogl3: f = -0.390, 95% CI [-1.061,
0.273]; CDR-SB: f = -0.139, 95% CI [-0.305, 0.025]; Meta-ROI FDG
SUVR: p = 0.006, 95% CI [-0.002, 0.013]) (Fig. S2).

3.5. FDG hypometabolism mediated the association between omega-3
supplementation and accelerated cognitive decline

We next conducted mediation analyses to test whether hypo-
metabolism in the composite regions mediated the association between
omega-3 supplementation and cognitive decline. Results revealed a
significant indirect effect through FDG hypometabolism for all three
cognitive measures, indicating that diminished cerebral glucose meta-
bolism partially explained the accelerated cognitive deterioration
observed in omega-3 exposed group (Fig. 4). Specifically, the indirect
pathway via FDG hypometabolism accounted for 30.8% of the total ef-
fect of omega-3 supplementation on the decline in MMSE scores (f_in-
direct = —0.082, 95% CI [-0.137, —0.033]; Fig. 4B), 40.8% for the
increase in ADAS-Cogl3 scores (f_indirect = 0.336, 95% CI [0.163,
0.664]; Fig. 4C), and 19.0% for the increase in CDR-SB scores (f_indirect
= 0.039, 95% CI [0.014, 0.068]; Fig. 4D). These findings support the
notion that synaptic dysfunction, as reflected by reduced cerebral
glucose metabolism, serves as a key pathway linking omega-3 supple-
mentation to more rapid cognitive decline.

4. Discussion

In this longitudinal study leveraging data from the ADNI cohort, we
examined the association between omega-3 supplementation and
cognitive decline, and further explored potential mediating pathways
using multimodal imaging biomarkers. Contrary to the prevailing hy-
pothesis of a neuroprotective role, omega-3 supplementation was asso-
ciated with accelerated cognitive decline, suggesting that the cognitive
impact of omega-3 in aging brain may be more complex and context
dependent than previously assumed. Importantly, this association was
not mediated by the canonical AD pathways of Ap deposition, tau ag-
gregation, or gray matter atrophy. Instead, longitudinal reductions in
FDG SUVR within AD-specific hypometabolic regions significantly
mediated the relationship between omega-3 exposure and cognitive
deterioration, suggesting that synaptic dysfunction may underlie this
paradoxical effect.

To contextualize the clinical magnitude of the observed effect, we
compared the additional annual change in cognitive scores associated
with omega-3 supplementation with the typical annual progression rates
reported in AD patients (MMSE: -3.4 points/year; ADAS-Cog: +5.5
points/year; CDR-SB: +1.91 points/year) [37-39]. The accelerated
decline linked to omega-3 use corresponded to approximately 7.8%,
15.0%, and 10.7% of the annual AD progression for MMSE, ADAS-Cog,
and CDR-SB, respectively. Notably, the accelerated decline observed in
omega-3 users does not appear to be driven by reverse causality. The
cognitive trajectories and cerebral glucose metabolism during the
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Fig. 2. Longitudinal cognitive trajectories associated with omega-3 supplementation. Comparisons of longitudinal changes in MMSE (A), ADAS-Cog13 (B), and CDR-
SB (C) scores between omega-3 exposed (red) and unexposed (blue) groups. Linear mixed-effects model fits are shown with 95% confidence intervals. All analyses
were adjusted for age, sex, APOE ¢4 status, and diagnosis. MMSE, Mini-Mental State Examination; ADAS-Cog13, Alzheimer’s Disease Assessment Scale-Cognitive

Subscale 13; CDR-SB, Clinical Dementia Rating-Sum of Boxes.
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Fig. 3. Longitudinal changes in Ap deposition (Meta-ROI FBP SUVR), tau aggregation (Meta-ROI FTP SUVR), and gray matter volume (Meta-ROI GMV) were not
associated with omega-3 supplementation. Trajectories for the omega-3 exposed (red) and unexposed (blue) groups are shown for Ap (A), tau (B), and GMV (C), with
lines representing linear mixed effects model fits and shaded areas indicating 95% confidence intervals. All analyses were adjusted for age, sex, APOE &4 status, and
diagnosis. AB, amyloid-p; FBP, '®F-florbetapir; FTP, '®F-flortaucipir; Meta-ROI, meta-region of interest; GMV, gray matter volume; SUVR, standardized uptake

value ratio.

pre-supplementation period in future omega-3 users were not different
from, and were even directionally slightly better than, those of matched
non-users. This finding indicates that the detrimental association we
observed emerged after the reported initiation of supplementation,
suggesting that factors specifically associated with omega-3 exposure
may have contributed to the long-term acceleration of decline. However,
this analysis may miss subtle trajectories that prompt individuals to start
supplements.

The relationship between omega-3 supplementation and cognitive
outcomes has been extensively investigated, yet evidence remains
inconsistent. Proposed neuroprotective mechanisms, such as modula-
tion of neurotransmitter systems, anti-inflammatory effects, regulation
of membrane fluidity, and support for neurodevelopment, are largely
derived from animal studies [40-42]. Although human observational
data often align with these beneficial effects [20-22], RCTs, which offer
stronger causal inference, have generally failed to demonstrate cognitive
benefits [24-27,43]. This unresolved conflict underscores a critical gap
in our understanding upon this issue. The biological pathways through
which omega-3 influences cognitive trajectories in humans remain

incompletely elucidated. It further raises the possibility that omega-3
supplementation may exert adverse effects that offset its potential
benefits, resulting in an overall neutral impact on cognition. Notably, a
small RCT reported a counterintuitive increase in neurofilament light
chain (NfL), a biomarker of axonal and synaptic injury, among omega-3
exposed group compared with the placebo group, although no signifi-
cant cognitive decline was observed [28]. The authors did not fully
explain this paradoxical finding. Our findings extend this line of evi-
dence by demonstrating that omega-3 supplementation was associated
with longitudinal FDG hypometabolism in AD-vulnerable regions, sug-
gestive of persistent synaptic dysfunction, yet without influencing the
trajectories of AP deposition, tau pathology, or gray matter atro-
phy—consistent with previous studies [44].

The persistent FDG hypometabolism observed in our study may be
mechanistically linked to oxidative stress and mitochondrial dysfunc-
tion. Although omega-3 polyunsaturated fatty acids possess well-
documented anti-inflammatory and antioxidant properties, their high-
ly unsaturated structure—particularly that of DHA—renders them the
most peroxidation-susceptible lipids in brain mitochondria [45]. The
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resulting peroxidation products can directly compromise mitochondrial
membrane integrity, inhibit oxidative phosphorylation, impair energy
metabolism, and paradoxically exacerbate reactive oxygen species pro-
duction, thereby establishing a self-reinforcing vicious cycle [46]. This
dual nature of omega-3 fatty acids has been well-documented in aging
rodent models, where supplementation attenuated inflammatory path-
ways while simultaneously enhancing oxidative stress markers and
senescence-associated protein expression [47].

The net effects of omega-3 supplementation on brain health are
likely governed by a delicate balance between its neuroprotective ben-
efits and potential deleterious effects, modulated by dosage and indi-
vidual baseline characteristics (e.g., plasma/brain omega-3 levels,
preexisting cerebral oxidative burden, and underlying neuropathology).
A recent systematic review has indicated that low-dose supplementation
is associated with net cognitive benefit, whereas high doses may reverse
this advantage [48]. Furthermore, individuals with low baseline
omega-3 levels tend to derive greater benefit from supplementation
[49]. Individuals with elevated cerebral oxidative stress and inflam-
mation often show limited benifits [50]. A systemic analysis which
included 24 studies have demonstrated that omega-3 supplementation is
ineffective in AD patients [50]. In addition, omega-3 exacerbates

a-synuclein accumulation in Parkinson’s disease models [51], and ag-
gravates neuronal damage following cerebral ischemia [52].

Our study differs from previous RCTs that reported neutral results in
several key aspects of experimental design. First, regarding the type of
supplement, previous RCTs predominantly used EPA and DHA [24,26],
whereas our study mostly employed commercially available fish oil,
which is associated with a significantly higher risk of oxidation [53].
This may explain why prior RCTs tended to yield neutral findings, while
our study observed harmful effects. Second, compared with RCTs whose
follow-up duration did not exceed 18 months, our study has a notably
longer follow-up (the median follow-up in our cohort was 5 years). This
extended observation window allows us to investigate potential sus-
tained or delayed effects of omega-3 on cognitive function, thereby
providing a unique lens on its long-term impact.

These findings raise important questions about the traditional
assumption that omega-3 fatty acids exert uniformly neuroprotective
effects. While prior research has predominantly emphasized their anti-
inflammatory and neurotrophic mechanisms, our results suggest a pre-
viously underrecognized possibility that omega-3 supplementation may,
in some contexts, adversely affect synaptic integrity, ultimately coun-
teracting its short-term benefits. This insight calls for a more nuanced
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understanding of the role of omega-3 in the aging human brain—beyond
a simplistic protective-versus-ineffective framework. From a clinical and
public health standpoint, our findings suggest that a more nuanced
assessment and further research are warranted, regarding the wide-
spread use of omega-3 supplements for cognitive protection.

This study reported a potentially deleterious association between
omega-3 supplementation and cognitive outcomes in older adults.
Nevertheless, these findings should be interpreted with caution. First,
the observed harmful association presents a paradox, as the typical
"healthy user bias" inherent in observational studies would generally
favor the detection of a protective effect. One possibility is that this
association reflects a genuine adverse effect of omega-3 supplementa-
tion as measured in our study. Alternatively, despite our efforts to bal-
ance baseline characteristics, including cognitive performance,
neuroimaging biomarkers, major comorbidities, and educational level,
through propensity score matching, it remains possible that unmeasured
factors (e.g., cardiovascular diseases, family history of dementia,
chronic pain) may have influenced both omega-3 use and the trajec-
tories of cognitive decline and FDG reduction, thereby leading to an
erroneous link between omega-3 supplementation and cognition. Sec-
ond, due to the retrospective observational design of our study, we were
unable to ascertain detailed, longitudinal adherence data (e.g., precise
dosage, periods of discontinuation) for the entire follow-up period. This
would introduce unavoidable exposure misclassification. Nevertheless,
our exposure definition was validated by significantly higher serum
omega-3 levels in the exposed group compared with the unexposed
group (Fig. S3), suggesting that the definition was generally reasonable.
Third, compared with Ap, GMV, FDG, the tau PET dataset had more
limited longitudinal data, which may have reduced the statistical power
to detect the associations between omega-3 supplementation and tau
pathology. In addition, although the sample size was sufficient to detect
the primary associations, it may have limited power for exploring finer-
grained subgroup heterogeneity or modest interaction effects. Conse-
quently, we were unable to stratify by specific supplement types (e.g.,
fish oil versus other types). Given that fish oil, the primary supplement
type, is particularly susceptible to oxidation [53], the observed harmful
association may not generalize to other omega-3 formulations with
greater oxidative stability. Finally, the findings of this study may be
limited to the present cohort, which consists predominantly of White
and highly educated individuals. Whether these findings generalize to
other populations remains unclear. Future studies are warranted to
elucidate the dose-dependent, context-dependent, and time-dependent
dynamics underlying the potential benefits and harms of omega-3 sup-
plementation. Key contextual factors to prioritize include baseline
diagnosis, APOE €4 status, and baseline omega-3 level.

Ethics approval and consent to participate

All participants provided written informed consent in the ADNI
cohort. The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Institutional Review
Board of Daping Hospital.

Consent statement

Written informed consent for participation was obtained from all
participants in the ADNI cohort.

Availability of data and materials

Data used in preparation for this study were obtained from the ADNI
database (adni.loni.usc.edu) via data sharing agreements. The
participant-level original and preprocessed data cannot be made pub-
licly accessible due to restrictions set by the ADNI. All data supporting
the findings described in this paper are available within the paper, in the
Supplementary Information and from the corresponding author upon

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100569

reasonable request.
Use of Al statement

The Deepseek-R1 Al system wasemployed for linguistic refinement
during manuscript preparation, specifically enhancing grammatical
precision and stylistic coherence, while remaining uninvolved in data
generation processes or preliminary manuscript drafting.

Funding

This study received funding support from the National Natural Sci-
ence Foundation of China (No. 82371435 to W.Y.R.) and Chongging
Municipal Health and Healthy Commission (Chongqing High-Level
Medical Talent Program for Young and Middle-Aged Scholars No.
YXGD202506 to W.Y.R.).

CRediT authorship contribution statement

Zheng-Bin Liao: Writing — review & editing, Writing — original draft,
Investigation. Zi-Cheng Hu: Formal analysis, Data curation. Gui-Hua
Zeng: Formal analysis. Jia Chen: Visualization. Xin-Peng Li: Visuali-
zation. Yu-Hui Liu: Writing — review & editing. Xiu-Qing Yao: Writing
- original draft, Conceptualization. Ye-Ran Wang: Writing — original
draft, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Ye-Ran Wang reports financial support was provided by National Nat-
ural Science Foundation of China. If there are other authors, they declare
that they have no known competing financial interests or personal re-
lationships that could have appeared to influence the work reported in
this paper.

Acknowledgements

Data collection and sharing for this project was funded by the Alz-
heimer's Disease Neuroimaging Initiative (ADNI) (National Institutes of
Health Grant U01 AG024904) and DOD ADNI (Department of Defense
award number W81XWH-12-2-0012). ADNI is funded by the National
Institute on Aging, the National Institute of Biomedical Imaging and
Bioengineering, and through generous contributions from the following:
AbbVie, Alzheimer’s Association; Alzheimer’s Drug Discovery Founda-
tion; Araclon Biotech; BioClinica, Inc.; Biogen; Bristol-Myers Squibb
Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan Pharmaceuticals,
Inc.; Eli Lilly and Company; Eurolmmun; F. Hoffmann-La Roche Ltd and
its affiliated company Genentech, Inc.; Fujirebio; GE Healthcare; IXICO
Ltd.; Janssen Alzheimer Immunotherapy Research & Development,
LLC.; Johnson & Johnson Pharmaceutical Research & Development
LLC.; Lumosity; Lundbeck; Merck & Co., Inc.; Meso Scale Diagnostics,
LLC.; NeuroRx Research; Neurotrack Technologies; Novartis harma-
ceuticals Corporation; Pfizer Inc.; Piramal Imaging; Servier; Takeda
Pharmaceutical Company; and Transition Therapeutics. The Canadian
Institutes of Health Research is providing funds to support ADNI clinical
sites in Canada. Private sector contributions are facilitated by the
Foundation for the National Institutes of Health (www.fnih.org). The
grantee organization is the Northern California Institute for Research
and Education, and the study is coordinated by the Alzheimer’s Thera-
peutic Research Institute at the University of Southern California. ADNI
data are disseminated by the Laboratory for Neuro Imaging at the Uni-
versity of Southern California.


http://www.fnih.org

Z.-B. Liao et al.

Supplementary materials

Supplementary material associated with this article can be found, in

the online version, at doi:10.1016/j.tjpad.2026.100569.

References

[1]

[2]

[3

=

[4]

[5

fad}

[6]
[71

[8]

[9

—_

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

2024 alzheimer’s disease facts and fig.S. Alzheimers Dement 2024;20:3708-821.
https://doi.org/10.1002/alz.13809.

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH, et al.
The diagnosis of dementia due to alzheimer’s disease: recommendations from the
national institute on aging-alzheimer’s association workgroups on diagnostic
guidelines for alzheimer’s disease. Alzheimers Dement J Alzheimers Assoc 2011;7:
263-9. https://doi.org/10.1016/j.jalz.2011.03.005.

Dolphin H, Dyer AH, Morrison L, Shenkin SD, Welsh T, Kennelly SP. New horizons
in the diagnosis and management of alzheimer’s disease in older adults. Age
Ageing 2024;53:afae005. https://doi.org/10.1093/ageing/afae005.

Zheng Q, Wang X. Alzheimer’s disease: insights into pathology, molecular
mechanisms, and therapy. Protein Cell 2025;16:83-120. https://doi.org/10.1093/
procel/pwae026.

Gordon BA, Blazey TM, Su Y, Hari-Raj A, Dincer A, Flores S, et al. Spatial patterns
of neuroimaging biomarker change in individuals from families with autosomal
dominant alzheimer’s disease: a longitudinal study. Lancet Neurol 2018;17:
241-50. https://doi.org/10.1016/51474-4422(18)30028-0.

Hardy JA, Higgins GA. Alzheimer’s disease: the amyloid cascade hypothesis.
Science 1992;256:184-5. https://doi.org/10.1126/science.1566067.

Tew J, Goate AM. Genetics of p-amyloid precursor protein in alzheimer’s disease.
Cold Spring Harb Perspect Med 2017;7:a024539. https://doi.org/10.1101/
cshperspect.a024539.

Long JM, Holtzman DM. Alzheimer disease: an update on pathobiology and
treatment strategies. Cell 2019;179:312-39. https://doi.org/10.1016/j.
cell.2019.09.001.

Nelson PT, Alafuzoff I, Bigio EH, Bouras C, Braak H, Cairns NJ, et al. Correlation of
alzheimer disease neuropathologic changes with cognitive status: a review of the
literature. J Neuropathol Exp Neurol 2012;71:362-81. https://doi.org/10.1097/
NEN.0b013e31825018f7.

Krishnadas N, Villemagne VL, Doré V, Rowe CC. Advances in brain amyloid
imaging. Semin Nucl Med 2021;51:241-52. https://doi.org/10.1053/j.
semnuclmed.2020.12.005.

Vanderlinden G, Vandenberghe R, Vandenbulcke M, Van Laere K. The current role
of tau PET imaging in neurodegeneration. Semin Nucl Med 2025;55:548-64.
https://doi.org/10.1053/j.semnuclmed.2025.03.002.

Toader C, Tataru CP, Munteanu O, Serban M, Covache-Busuioc R-A, Ciurea AV,
et al. Decoding neurodegeneration: a review of molecular mechanisms and
therapeutic advances in alzheimer’s, parkinson’s, and ALS. Int J Mol Sci 2024;25:
12613. https://doi.org/10.3390/ijms252312613.

JZ, A'S, Ah J. Diagnosis of early mild cognitive impairment using a multiobjective
optimization algorithm based on T1-MRI data. Sci Rep 2022;12. https://doi.org/
10.1038/541598-022-04943-3.

Stoessl AJ. Glucose utilization: still in the synapse. Nat Neurosci 2017;20:382-4.
https://doi.org/10.1038/nn.4513.

Topol E. Predicting and preventing alzheimer’s disease. Science 2025;388:
eady3217. https://doi.org/10.1126/science.ady3217.

Masurkar AV, Marsh K, Morgan B, Leitner D, Wisniewski T. Factors affecting
resilience and prevention of alzheimer’s disease and related dementias. Ann Neurol
2024;96:633-49. https://doi.org/10.1002/ana.27055.

Kurowska A, Ziemich6d W, Herbet M. Piatkowska-Chmiel I. The role of diet as a
modulator of the inflammatory process in the neurological diseases. Nutrients
2023;15:1436. https://doi.org/10.3390/nul5061436.

Cholewski M, Tomczykowa M, Tomczyk M. A comprehensive review of chemistry,
sources and bioavailability of omega-3 fatty acids. Nutrients 2018;10:1662.
https://doi.org/10.3390/nul0111662.

Serrano M, Saumell-Esnaola M, Ocerin G, Garcia Del Cano G, Puente N, Sallés J,
et al. Impact of omega-3 on endocannabinoid system expression and function,
enhancing cognition and behavior in Male mice. Nutrients 2024;16:4344. https://
doi.org/10.3390/nu16244344.

Lopez LB, Kritz-Silverstein D, Barrett Connor E. High dietary and plasma levels of
the omega-3 fatty acid docosahexaenoic acid are associated with decreased
dementia risk: the rancho bernardo study. J Nutr Health Aging 2011;15:25-31.
https://doi.org/10.1007/5s12603-011-0009-5.

Tan ZS, Harris WS, Beiser AS, Au R, Himali JJ, Debette S, et al. Red blood cell -3
fatty acid levels and markers of accelerated brain aging. Neurology 2012;78:
658-64. https://doi.org/10.1212/WNL.0b013e318249f6a9.

Sasaki N, Jones LE, Carpenter DO. Fish consumption and omega-3 polyunsaturated
fatty acids from diet are positively associated with cognitive function in older
adults even in the presence of exposure to lead, cadmium, selenium, and
methylmercury: a cross-sectional study using NHANES 2011-2014 data. Am J Clin
Nutr 2024;119:283-93. https://doi.org/10.1016/j.ajenut.2023.12.007.

Shahidi F, Ambigaipalan P. Omega-3 polyunsaturated fatty acids and their health
benefits. Annu Rev Food Sci Technol 2018;9:345-81. https://doi.org/10.1146/
annurev-food-111317-095850.

Quinn JF, Raman R, Thomas RG, Yurko-Mauro K, Nelson EB, Van Dyck C, et al.
Docosahexaenoic acid supplementation and cognitive decline in alzheimer disease:

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100569

a randomized trial. JAMA 2010;304:1903. https://doi.org/10.1001/
jama.2010.1510.

Dangour AD, Allen E, Elbourne D, Fasey N, Fletcher AE, Hardy P, et al. Effect of 2-y
n-3 long-chain polyunsaturated fatty acid supplementation on cognitive function in
older people: a randomized, double-blind, controlled trial. Am J Clin Nutr 2010;91:
1725-32. https://doi.org/10.3945/ajcn.2009.29121.

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;
16:24600-13. https://doi.org/10.3390/ijms161024600.

Lin P-Y, Cheng C, Satyanarayanan SK, Chiu L-T, Chien Y-C, Chuu C-P, 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. https://doi.org/10.1016/j.bbi.2021.10.014.

Tofiq A, Zetterberg H, Blennow K, Basun H, Cederholm T, Eriksdotter M, et al.
Effects of peroral omega-3 fatty acid supplementation on cerebrospinal fluid
biomarkers in patients with alzheimer’s disease: a randomized controlled trial-the
OmegAD study. J Alzheimers Dis JAD 2021;83:1291-301. https://doi.org/
10.3233/JAD-210007.

Tombaugh TN, McIntyre NJ. The mini-mental state examination: a comprehensive
review. J Am Geriatr Soc 1992;40:922-35. https://doi.org/10.1111/j.1532-
5415.1992.tb01992.x.

Barbone JM, Khurshid K, Edgar CJ, Maruff P. Equating the ADAS-cog and MMSE to
cogstate brief battery scores. Alzheimers Dement 2023;19:e077060. https://doi.
org/10.1002/alz.077060.

Wessels AM, Dowsett SA, Sims JR. Detecting treatment group differences in
alzheimer’s disease clinical trials: a comparison of alzheimer’s disease assessment
scale - cognitive subscale (ADAS-cog) and the clinical dementia rating - sum of
boxes (CDR-SB). J Prev Alzheimers Dis 2018;5:15-20. https://doi.org/10.14283/
jpad.2018.2.

Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, et al. An
automated labeling system for subdividing the human cerebral cortex on MRI scans
into gyral based regions of interest. Neurolmage 2006;31:968-80. https://doi.org/
10.1016/j.neuroimage.2006.01.021.

Jack CR, Wiste HJ, Weigand SD, Therneau TM, Lowe VJ, Knopman DS, et al.
Defining imaging biomarker cut points for brain aging and alzheimer’s disease.
Alzheimers Dement J Alzheimers Assoc 2017;13:205-16. https://doi.org/10.1016/
j.jalz.2016.08.005.

Collij LE, Konijnenberg E, Reimand J, Kate MT, Braber A den Lopes, Alves I, et al.
Assessing amyloid pathology in cognitively normal subjects using 18F-flutemeta-
mol PET: comparing visual reads and quantitative methods. J Nucl Med Off Publ
Soc Nucl Med 2019;60:541-7. https://doi.org/10.2967/jnumed.118.211532.
Landau SM, Harvey D, Madison CM, Koeppe RA, Reiman EM, Foster NL, et al.
Associations between cognitive, functional, and FDG-PET measures of decline in
AD and MCI. Neurobiol Aging 2011;32:1207-18. https://doi.org/10.1016/].
neurobiolaging.2009.07.002.

Schwarz CG, Gunter JL, Wiste HJ, Przybelski SA, Weigand SD, Ward CP, et al.

A large-scale comparison of cortical thickness and volume methods for measuring
alzheimer’s disease severity. Neuroimage Clin 2016;11:802-12. https://doi.org/
10.1016/j.nicl.2016.05.017.

Ito K, Ahadieh S, Corrigan B, French J, Fullerton T, Tensfeldt T, et al. Disease
progression meta-analysis model in Alzheimer’s disease. Alzheimers Dement 2010;
6:39-53. https://doi.org/10.1016/j.jalz.2009.05.665.

Clark CM. Variability in annual mini-mental state examination score in patients
with probable alzheimer disease: a clinical perspective of data from the consortium
to establish a registry for alzheimer’s disease. Arch Neurol 1999;56:857-62.
https://doi.org/10.1001/archneur.56.7.857.

Williams MM, Storandt M, Roe CM, Morris JC. Progression of alzheimer’s disease
as measured by clinical dementia rating sum of boxes scores. Alzheimers Dement
2013;9:1-13. https://doi.org/10.1016/j.jalz.2012.01.005.

Gil A. Polyunsaturated fatty acids and inflammatory diseases. Biomed
Pharmacother Biomedecine Pharmacother 2002;56:388-96. https://doi.org/
10.1016/s0753-3322(02)00256-1.

Yehuda S, Rabinovitz S, Mostofsky DI. Essential fatty acids and the brain: from
infancy to aging. Neurobiol Aging 2005;26(Suppl 1):98-102. https://doi.org/
10.1016/j.neurobiolaging.2005.09.013.

Boudrault C, Bazinet RP, Ma DWL. Experimental models and mechanisms
underlying the protective effects of n-3 polyunsaturated fatty acids in alzheimer’s
disease. J Nutr Biochem 2009;20:1-10. https://doi.org/10.1016/j.
jnutbio.2008.05.016.

Freund-Levi Y, Hjorth E, Lindberg C, Cederholm T, Faxen-Irving G, Vedin I, et al.
Effects of omega-3 fatty acids on inflammatory markers in cerebrospinal fluid and
plasma in alzheimer’s disease: the OmegAD study. Dement Geriatr Cogn Disord
2009;27:481-90. https://doi.org/10.1159/000218081.

Quinn JF. Do »-3 fatty acids regulate cerebral p amyloid? JAMA Neurol 2016;73:
1183-4. https://doi.org/10.1001/jamaneurol.2016.2534.

Piergiacomi VA, Palacios A, Catald A. Comparative studies on lipid peroxidation of
microsomes and mitochondria obtained from different rat tissues: effect of retinyl
palmitate. Prostaglandins Leukot Essent Fatty Acids 2001;64:75-80. https://doi.
org/10.1054/plef.2001.0244.

Eckert GP, Lipka U, Muller WE. Omega-3 fatty acids in neurodegenerative diseases:
focus on mitochondria. Prostaglandins Leukot Essent Fatty Acids 2013;88:105-14.
https://doi.org/10.1016/j.plefa.2012.05.006.

Hsu Y-M, Yin M-C. EPA or DHA enhanced oxidative stress and aging protein
expression in brain of d-galactose treated mice. Biomedicine 2016;6:17-25.
https://doi.org/10.7603/540681-016-0017-1.


https://doi.org/10.1016/j.tjpad.2026.100569
https://doi.org/10.1002/alz.13809
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1093/ageing/afae005
https://doi.org/10.1093/procel/pwae026
https://doi.org/10.1093/procel/pwae026
https://doi.org/10.1016/S1474-4422(18)30028-0
https://doi.org/10.1126/science.1566067
https://doi.org/10.1101/cshperspect.a024539
https://doi.org/10.1101/cshperspect.a024539
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1097/NEN.0b013e31825018f7
https://doi.org/10.1097/NEN.0b013e31825018f7
https://doi.org/10.1053/j.semnuclmed.2020.12.005
https://doi.org/10.1053/j.semnuclmed.2020.12.005
https://doi.org/10.1053/j.semnuclmed.2025.03.002
https://doi.org/10.3390/ijms252312613
https://doi.org/10.1038/s41598-022-04943-3
https://doi.org/10.1038/s41598-022-04943-3
https://doi.org/10.1038/nn.4513
https://doi.org/10.1126/science.ady3217
https://doi.org/10.1002/ana.27055
https://doi.org/10.3390/nu15061436
https://doi.org/10.3390/nu10111662
https://doi.org/10.3390/nu16244344
https://doi.org/10.3390/nu16244344
https://doi.org/10.1007/s12603-011-0009-5
https://doi.org/10.1212/WNL.0b013e318249f6a9
https://doi.org/10.1016/j.ajcnut.2023.12.007
https://doi.org/10.1146/annurev-food-111317-095850
https://doi.org/10.1146/annurev-food-111317-095850
https://doi.org/10.1001/jama.2010.1510
https://doi.org/10.1001/jama.2010.1510
https://doi.org/10.3945/ajcn.2009.29121
https://doi.org/10.3390/ijms161024600
https://doi.org/10.1016/j.bbi.2021.10.014
https://doi.org/10.3233/JAD-210007
https://doi.org/10.3233/JAD-210007
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1002/alz.077060
https://doi.org/10.1002/alz.077060
https://doi.org/10.14283/jpad.2018.2
https://doi.org/10.14283/jpad.2018.2
https://doi.org/10.1016/j.neuroimage.2006.01.021
https://doi.org/10.1016/j.neuroimage.2006.01.021
https://doi.org/10.1016/j.jalz.2016.08.005
https://doi.org/10.1016/j.jalz.2016.08.005
https://doi.org/10.2967/jnumed.118.211532
https://doi.org/10.1016/j.neurobiolaging.2009.07.002
https://doi.org/10.1016/j.neurobiolaging.2009.07.002
https://doi.org/10.1016/j.nicl.2016.05.017
https://doi.org/10.1016/j.nicl.2016.05.017
https://doi.org/10.1016/j.jalz.2009.05.665
https://doi.org/10.1001/archneur.56.7.857
https://doi.org/10.1016/j.jalz.2012.01.005
https://doi.org/10.1016/s0753-3322(02)00256-1
https://doi.org/10.1016/s0753-3322(02)00256-1
https://doi.org/10.1016/j.neurobiolaging.2005.09.013
https://doi.org/10.1016/j.neurobiolaging.2005.09.013
https://doi.org/10.1016/j.jnutbio.2008.05.016
https://doi.org/10.1016/j.jnutbio.2008.05.016
https://doi.org/10.1159/000218081
https://doi.org/10.1001/jamaneurol.2016.2534
https://doi.org/10.1054/plef.2001.0244
https://doi.org/10.1054/plef.2001.0244
https://doi.org/10.1016/j.plefa.2012.05.006
https://doi.org/10.7603/s40681-016-0017-1

[48]

[49]

[50]

[51]

. Liao et al.

Shahinfar H, Yazdian Z, Avini NA, Torabinasab K, Shab-Bidar S. A systematic
review and dose response meta analysis of omega 3 supplementation on cognitive
function. Sci Rep 2025;15:30610. https://doi.org/10.1038/541598-025-16129-8.
Castellanos-Perilla N, Borda MG, Aarsland D, Barreto GE. An analysis of omega-3
clinical trials and a call for personalized supplementation for dementia prevention.
Expert Rev Neurother 2024;24:313-24. https://doi.org/10.1080/
14737175.2024.2313547.

Yassine HN, Carrasco AS, Badie DS. Designing newer omega-3 supplementation
trials for cognitive outcomes: a systematic review guided analysis. J Alzheimers Dis
2024;101:5455-66. https://doi.org/10.3233/JAD-231467.

Yakunin E, Loeb V, Kisos H, Biala Y, Yehuda S, Yaari Y, et al. A-synuclein
neuropathology is controlled by nuclear hormone receptors and enhanced by

[52]

[53]

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100569

docosahexaenoic acid in a mouse model for parkinson’s disease. Brain Pathol
Zurich Switz 2012;22:280-94. https://doi.org/10.1111/1.1750-3639.2011.00530.
X.
Yang D-Y, Pan H-C, Yen Y-J, Wang C-C, Chuang Y-H, Chen S-Y, et al. Detrimental
effects of post-treatment with fatty acids on brain injury in ischemic rats.
Neurotoxicology 2007;28:1220-9. https://doi.org/10.1016/j.neuro.2007.08.003.
Albert BB, Derraik JGB, Cameron-Smith D, Hofman PL, Tumanov S, Villas-Boas SG,
et al. Fish oil supplements in New Zealand are highly oxidised and do not meet
label content of n-3 PUFA. Sci Rep 2015;5:7928. https://doi.org/10.1038/
srep07928.


https://doi.org/10.1038/s41598-025-16129-8
https://doi.org/10.1080/14737175.2024.2313547
https://doi.org/10.1080/14737175.2024.2313547
https://doi.org/10.3233/JAD-231467
https://doi.org/10.1111/j.1750-3639.2011.00530.x
https://doi.org/10.1111/j.1750-3639.2011.00530.x
https://doi.org/10.1016/j.neuro.2007.08.003
https://doi.org/10.1038/srep07928
https://doi.org/10.1038/srep07928

	The association between omega-3 supplementation and cognitive decline in older adults
	1 Background
	2 Methods
	2.1 Participants
	2.2 Cognitive measurements
	2.3 Information about omega-3 supplementation and APOE ε4 carrier status
	2.4 MRI and PET imaging processing
	2.5 Statistical analysis

	3 Results
	3.1 Demographics
	3.2 Association between omega-3 supplementation and cognitive trajectories
	3.3 Association between omega-3 supplementation and neuroimaging biomarkers
	3.4 No pre-existing differences in cognitive or FDG-SUVR trajectories before the initiation of omega-3 supplementation
	3.5 FDG hypometabolism mediated the association between omega-3 supplementation and accelerated cognitive decline

	4 Discussion
	Ethics approval and consent to participate
	Consent statement
	Availability of data and materials
	Use of AI statement
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


