=
»n
=
>
~
a
=

Aging Pathobiology and Therapeutics 2025; 7(4): 308-322 308

DOI: 10.31491/APT.2025.12.196 &£ St

PUBLISHING

Creative Commons 4.0

No causal effect of olive oil consumption on Alzheimer’s disease:
a two-sample Mendelian randomization with mediation and
multivariable analyses

Teuku Fais Duta®, Derren DCH Rampenganb, Nuril Farid Abshori‘, Bryan Gervais de Liyisd, Fahrul
Nurkolis®"#, Muhammad Ighrammullah™’

“ Medical Research Unit, Faculty of Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia.

® Faculty of Medlicine, Universitas Sam Ratulangi, Manado, Indonesia.

© Faculty of Medicine and Health Sciences, Maulana Malik Ibrahim Islamic State University Malang, Malang, Indonesia.
! Department of Neurosurgery, National Brain Center Hospital Prof. Dr. dr. Mahar Mardjono, Jakarta, Indonesia.

¢ Master of Basic Medical Science, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia.

! Medical Research Center of Indonesia, Surabaya, Indonesia.

¢ State Islamic University of Sunan Kalijaga (UIN Sunan Kalijaga), Yogyakarta, Indonesia.

" Postgraduate Program of Public Health, Universitas Muhammadiyah Aceh, Banda Aceh, Indonesia.

Abstract

Background: Observational links between olive oil and lower dementia risk may reflect confounding or sur-
vival bias. We tested whether olive oil consumption causally influences Alzheimer’s disease (AD) risk using
Mendelian randomization (MR).

Methods: We performed two-sample MR using IEU OpenGWAS summary statistics. Genetic instruments for
olive oil consumption were derived from a UK Biobank cooking-fat question (P < 5x10°, LD-independent), ex-
plaining around 0.07% of exposure variance with mean F of around 24. The AD outcome was a large European-
ancestry GWAS including clinically diagnosed and proxy cases. The primary estimator was inverse-variance
weighted (IVW), with MR-Egger, Cochran’s Q and leave-one-out analyses for sensitivity. Two-step MR tested
mediation via lipid traits (LDL-C, HDL-C, triglycerides, apolipoprotein B, apolipoprotein A1), blood pressure
and inflammatory markers. Multivariable MR (MVMR) adjusted for apolipoprotein B, adiposity, blood pressure,
and systemic inflammation.

Results: There was no evidence that higher genetically proxied olive oil intake reduces AD risk. The IVW point
estimate was effectively null, with confidence intervals excluding even modest benefits (for example, > 1%
relative risk reduction per SD increase). Findings were robust across MR-Egger, heterogeneity tests and leave-
one-out analyses, with no indication of horizontal pleiotropy. Mediation analyses showed no indirect effects
through lipid profiles, vascular injury or inflammation. In MVMR, the olive oil coefficient remained close to
null, and the adjusted effects of other traits were non-significant.

Conclusion: This comprehensive MR analysis does not support a causal neuroprotective effect of olive oil
on AD. Any true effect, if present, is likely minimal. Observational associations may reflect confounding or
healthy-user bias. While cardiovascular benefits justify olive oil as part of a heart-healthy diet, it should not be
promoted as a stand-alone AD prevention strategy. Larger, ancestry-diverse datasets and gene-diet interaction
analyses are warranted.
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Figure 1. Conceptual framework for the primary Mendelian randomization (MR) analysis. Genetic variants associated with olive oil intake

(instrumental variables) are used as proxies for the exposure.

AD is increasing, contributing to deaths in about one-third
of older adults [1]. In contrast to declining mortality rates
for cardiovascular disease and stroke, dementia-related
deaths have been increasing over the past decades [1].
This alarming trend has intensified the search for modifi-
able risk factors and preventive strategies for AD [2]. Di-
etary habits have garnered particular interest, as nutrition
is a key lifestyle factor that might be targeted to promote
healthy cognitive aging [3-5]. In particular, adherence to
the Mediterranean diet, characterized by high consump-
tion of plant-based foods and olive oil as the primary fat
source, has been associated with potential benefits for
brain health [2, 6]. A systematic review and meta-analysis
comprised of 26 cohort studies and 2 randomized con-
trolled trials (RCTs) concluded that Mediterranean diet
may contribute to protective effect against mild cognitive
impairment (MCI) and AD [6]. In multiple cohorts and
several RCTs, olive oil consumption is attributed to lower
risk of AD, though the effect is dependent on population
subset and adjusting variable [7-10].

Traditional randomized controlled trials on diet and de-
mentia have been limited by long follow-up durations
and poor adherence [11]. On the other hand, Mendelian
randomization (MR) offers a more robust approach to in-
fer causality between olive oil consumption and AD risk
by utilizing genetic variants as unconfounded proxies for
dietary exposure [12, 13]. This design strengthens causal
inference beyond what is possible in traditional observa-
tional studies [14]. An MR study by Wu et al. reported
that olive intake reduced coronary heart disease risk, and
was also associated with lower risk of myocardial infarc-
tion and heart failure [15]. Given the well-established
links between cardiovascular health and dementia, we
hypothesized that olive oil intake could indirectly benefit

the brain health, thereby reducing risks in AD. The aim of
this study was to perform a two-sample MR analysis for
evaluating the causal effect of olive oil consumption on
AD risk.

Methods

Study design and data sources

We used a two-sample MR design, analyzing summary-
level GWAS data for the exposure (olive oil consumption)
and outcome (Alzheimer’s disease) from non-overlapping
samples of European descent. The genetic instruments for
olive oil consumption were obtained from the UK Bio-
bank, a large population-based cohort. Specifically, we uti-
lized genome-wide association results for the phenotype
“Type of fat/oil used in cooking: Olive o0il” (UKB field ID
1329), as made available by the MRC-IEU OpenGWAS
project (GWAS ID: ukb-b-3875). This phenotype reflects
participants’ self-reported primary cooking oil (with ol-
ive oil as one option) and can be considered a proxy for
regular olive oil use in diet. The GWAS was conducted
on 64,949 individuals of European ancestry in UK Bio-
bank, with genotype imputation and association analysis
performed by Neale ef al. [16], where genetic effects are
expressed per unit increase in olive oil use. We clumped
the summary statistics to select independent top genetic
variants for olive oil consumption. Variants were eligible
as instruments if they reached a relaxed genome-wide
significance threshold of p of less than 5 x 10°. SNPs
were clumped at linkage disequilibrium (LD) threshold r°
< 0.001 within a 10,000 kb window using the 1000 Ge-
nomes European reference panel. For each SNP, the effect
size (P), standard error, and p-value were extracted, and
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F-statistics were calculated to assess instrument strength
(F > 10 considered adequate). The proportion of variance
explained (R*) was computed using standard formulas for
continuous exposures. For each instrument, we recorded
the effect allele and effect on olive 0il use (B.qposur)> Stan-
dard error, and p-value. We also calculated the propor-
tion of variance in the exposure explained (R”) and the F-
statistic for each SNP to evaluate instrument strength. The
resulting instrument set consisted of 9 independent SNPs
associated with olive oil use at P < 5x10°. All 9 SNPs had
F-statistics > 10 (range from 23 to 27), indicating they are
sufficiently strong instruments to minimize weak instru-
ment bias. Supplementary Table 1 lists the SNP IDs, their
olive oil association statistics, and F-statistics. Notably,
none of these SNPs are located in or near the APOE gene
region on chromosome 19 (the nearest genome-wide hits
for olive oil were on other chromosomes), which reduces
concern that our instruments could proxy APOE &4 status.
For the outcome, we obtained genetic association esti-
mates for Alzheimer’s disease from the largest available
GWAS meta-analysis of AD. We used summary statistics
corresponding to GWAS ID ieu-b-5067 from the IEU
OpenGWAS database, which corresponds to a 2022 meta-
analysis of late-onset AD. This dataset includes 488,285
individuals of European ancestry (combining several co-
horts), with roughly 71,880 clinically diagnosed AD cases
and the remainder controls or proxy-cases [17]. The ma-
jority of cases came from the IGAP consortium and UK
Biobank (using parental dementia history as proxy cases),
as reported by Jansen ef al. and updated by later analy-
ses [18]. The AD GWAS was not conditioned on APOE
genotype (i.e. the strong effect of APOE &4 is present in
the summary data), and results were reported as log-odds
ratios (log OR) for AD per effect allele. We checked that
none of the 9 olive oil instrument SNPs were palindromic
with intermediate allele frequencies or had mismatched
alleles between the exposure and outcome datasets. In ini-
tial design, if any issues had arisen, we planned to harmo-
nize alleles and exclude ambiguous variants. In the end,
all 9 SNPs were available in the AD GWAS and could be
harmonized unambiguously.

Mendelian randomization

The primary MR analysis was carried out using the in-
verse-variance weighted (IVW) method under a random-
effects model (Figure 1), with SNP-specific weights pro-
portional to the inverse of the squared standard error of
their outcome association. Statistical significance was de-
fined as two-sided P < 0.05, and results were expressed as
B coefficients and odds ratios (OR = ¢”) per 1 SD increase
in genetically predicted olive oil consumption. The IVW
estimate can be interpreted as the weighted regression
slope of SNP-AD associations on SNP-olive associations,
representing the causal log OR for AD per unit increase in
olive oil consumption, assuming all SNPs are valid instru-
ments. A fixed-effect IVW was also calculated given the
relatively small number of instruments, but since there
was no evidence of heterogeneity, the random- and fixed-
effect estimates were nearly identical. We exponentiated

the log OR to obtain an odds ratio (OR) for interpretabili-
ty. The statistical significance threshold was set at P < 0.05
for the main IVW analysis, as we tested a single primary
hypothesis.

To assess the robustness of the result, we implemented
several sensitivity MR methods that relax the standard
IVW assumptions. MR-Egger regression provides an es-
timate of the causal effect while allowing for an intercept
term that captures average directional pleiotropy. The MR-
Egger point estimate and its 95% confidence interval were
computed. More importantly, the MR-Egger intercept
for deviation from zero was tested. A non-zero intercept
(with P < 0.05) would indicate overall horizontal pleiot-
ropy among the instruments, whereas a non-significant
intercept suggests no strong directional pleiotropy [19].
Weighted median MR was also performed, which could
yield a consistent causal estimate even if up to 50% of the
weight comes from invalid instruments, as reported pre-
viously [20]. Additionally, mode-based estimates (simple
and weighted) were explored, which group SNPs by the
similarity of their causal effects and derive the overall ef-
fect from the largest cluster, providing consistency under
different patterns of invalid instruments [21].

Pleiotropy and heterogeneity diagnostics

Heterogeneity in the SNP effect estimates was evaluated
using Cochran’s Q statistic for [IVW and for MR-Egger.
Cochran’s Q assesses whether there is greater disper-
sion in individual SNP causal estimates than expected
by chance; a high Q (with P < 0.05) would suggest that
effect sizes differ beyond sampling error, potentially due
to heterogeneity or outliers. If significant heterogeneity
were found, we planned to report the random-effects IVW
result (which accounts for between-SNP variance) and
investigate outliers. We also constructed a funnel plot of
each SNP’s MR estimate (Bsxp = Pap/Poive) against its pre-
cision; symmetry of the funnel indicates no small-study
or directional bias. MR-PRESSO global test was run to
detect any outlier SNPs with pleiotropic distortion; if MR-
PRESSO identified outliers, we intended to repeat IVW
after removing them [22]. Furthermore, a leave-one-out
analysis was conducted by re-computing the IVW esti-
mate 9 times, each leaving one SNP out.

Two-step Mendelian randomization mediation analy-
ses

We hypothesized that any causal effect of olive oil on AD
might operate via cardiovascular or metabolic improve-
ments (since olive oil is known to improve lipid profiles,
reduce blood pressure, efc., which in turn might influ-
ence dementia risk). To test this, we performed two-step
MR for multiple mediators: six lipid traits (low-density
lipoprotein cholesterol, high-density lipoprotein choles-
terol, total cholesterol, triglycerides, apolipoprotein B,
apolipoprotein A1), two blood pressure traits (systolic and
diastolic blood pressure), two stroke subtypes (ischemic
stroke overall, and the small-vessel stroke subtype, as AD
could be influenced by cerebrovascular disease), three
metabolic traits (body mass index, waist-hip ratio adjusted

ANTEREINS | All Rights Reserved



Aging Pathobiology and Therapeutics 2025; 7(4): 308-322 311

STEP1

X

Assumption 3
(Exclusion)

Mediators:
Ll Lipid profile, Blood pressure,
stroke, metabelic status,

inflammation

Instrumental Variables: 9
independent SNPs (F > 10)

Confounders

Assumption 2
{Independence)

Assumption 1

Alzheimer’s
{Relevance)

disease
(outcome)

Exposure:
alive oil intake

STEP 2

Assumption 1
v (Relevance)

Mediatars:

Lipid prafile, Blood pressure,
stroke, matabolic status,
inflammation

Instrumental Variables: 9
independent SNPs (F > 10)

Confounders

Assumption 2
(Independence)

X

Assumption 3
Alzheimer’s (Exclusion)
disease

[outcome)

Exposure:
olive oil intake

Figure 2. Two-step MR framework (olive oil — AD). Step 1: Olive-oil SNP instruments estimate the effect olive intake — mediator (B,). Step
2: Mediator-specific SNP instruments estimate mediator — Alzheimer’s disease (f,). Mediators tested were six lipid traits (LDL-C, HDL-C, TC,
TG, ApoB, ApoAl), two blood-pressure traits (SBP, DBP), two stroke subtypes (ischemic stroke, small-vessel stroke), three metabolic traits (BMI,

WHRadjBMI, T2D), and CRP.

for BMI, and type 2 diabetes mellitus), and one inflamma-
tion marker (C-reactive protein, CRP). These mediators
were chosen a priori to represent major pathways of inter-
est: lipid-related, vascular, metabolic, and inflammatory
pathways. For each putative mediator, we obtained genetic
association estimates for that mediator from correspond-
ing GWAS (all largely European ancestry, taken from IEU
OpenGWAS or published sources).

We then carried out two MR analyses: (a) olive-oil —
mediator, using our 9 olive SNPs against the mediator
outcome; and (b) mediator — AD, using SNPs associated
with the mediator as instruments against AD risk. The
framework for the two-step MR performed in this study is
presented in Figure 2. Where possible, we used the same
SNPs for both steps (i.e., if a SNP was a valid instrument
for both olive and mediator), or else separate instrument
sets were used and combined via the product method. The
indirect effect of olive oil on AD via a given mediator was
calculated as the product of the MR estimate for olive
oil on the mediator and the estimate for the mediator on
AD. Standard errors for indirect effects were derived us-
ing the delta method, and Z-tests were used to assess the
significance of mediation. We also estimated the propor-
tion of the total effect mediated, although given the total
effect was close to 0, this proportion is not meaningful in

practice. The two-step MR analyses were implemented for
each mediator separately; a Bonferroni correction could
be applied within each category if needed, but since none
approached significance, we report unadjusted p-values
for clarity.

Multivariable Mendelian randomization

While two-step MR evaluates potential mediating path-
ways separately, multivariable Mendelian randomization
(MVMR) allows assessment of the direct effect of olive
oil consumption while simultaneously controlling for
multiple correlated risk factors. We included four traits
that could lie on the causal pathway: apolipoprotein B
(ApoB), systolic blood pressure (SBP), diastolic blood
pressure (DBP), body mass index (BMI), and C-reactive
protein (CRP). These were chosen because olive oil intake
in observational studies is linked to improved lipid pro-
files, lower blood pressure, and reduced inflammation, all
recognized midlife risk factors for dementia. SNP instru-
ments for ApoB, SBP, BMI, and CRP were obtained from
large published GWAS (> 250,000 samples each) and
combined with olive oil SNPs after clumping (r* < 0.001;
10,000 kb) to ensure independence. Genetic associations
for each SNP with all exposures and with Alzheimer’s dis-
ease were harmonized. Multivariable [IVW regression was
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Figure 3. Scatter plot of SNP associations with olive oil consumption (x-axis) and Alzheimer’s disease risk (y-axis). Regression lines represent
causal estimates from inverse variance weighted (IVW), MR-Egger, weighted median, and mode-based methods.

then applied to estimate the direct causal effects of each
exposure on AD, accounting for correlations between in-
struments [23]. The model used inverse-variance weight-
ing and was fitted in R (version 4.2.2) using the TwoSam-
pleMR and MVMR packages [24, 25]. Conditional F-
statistics were used to assess instrument strength, and all
tests were two-sided with significance set at P < 0.05.
Analyses followed the STROBE-MR reporting guidelines,
and no multiple comparison adjustment was applied to the
primary hypothesis (olive oil association with AD).

Results

Genetic instruments for olive oil consumption

We identified 9 independent SNPs associated with olive
oil use in UK Biobank at P < 5 x 10 (none reached the
conventional 5 x 10 threshold). The lead variants were
located in several loci across the genome (on chromo-

somes 1, 3,5,7,8,9,10, and 11, Supplementary Table 1).
The strongest instrument was rs6966854 on chromosome
7 (P =22 x 107 for association with olive oil use), and
all 9 SNPs had P < 5 x 10°° by design. The effect sizes for
these SNPs on the olive oil phenotype were small (e.g. the
largest B was 0.055 on an SD scale), reflecting the poly-
genic and weakly heritable nature of dietary preferences.
Cumulatively, the 9 SNPs explained an estimated R* of
0.074% of the variance in olive oil use. The mean F-statis-
tic was 24, with each SNP having F > 10, indicating that
the genetic instrument collectively had sufficient strength
for MR (reducing risk of weak-instrument bias towards
the null). None of the SNPs showed genome-wide associa-
tions with obvious confounders (we cross-checked against
known trait associations in GWAS Catalog), though a few
were in or near genes of interest (for example, one SNP
near ANKRDS55 has been associated with autoimmune
conditions, and another near KLF10 related to metabolic
traits). Palindromic variants were aligned by allele fre-
quency, and there were no ambiguities in harmonization.
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Table 1. Mendelian randomization estimates of olive oil intake on
Alzheimer’s disease.

Method SNPs B (SE) P-value
Inverse variance weighted 9 0.0017 (0.0031)  0.58
(random)

Inverse variance weighted

(fixed) 9 0.0017 (0.0024) 0.48

MR egger 0.0059 (0.0105)  0.59
Weighted median 0.0016 (0.0035)  0.65

Simple mode 0.0016 (0.0054)  0.77

0.0015 (0.0050)  0.77

o © O v

Weighted mode

Primary analysis of olive oil and Alzheimer’s disease

The IVW MR analysis revealed no evidence of a causal
effect of olive oil consumption on Alzheimer’s disease
risk (Figure 3). The scatter plot shows that all nine genetic

instruments cluster tightly around the null effect line. The
regression slopes for IVW, MR-Egger, weighted median,
and mode-based estimators are nearly flat and overlap-
ping, indicating consistency across methods. The narrow
dispersion of SNP estimates around the origin suggests no
outlier variants with disproportionately large effects, rein-
forcing the robustness of the null finding.

The IVW estimate (random-effects) was a log OR of
0.0017 (95% CI: -0.0045 to 0.0079) per SD increase in ol-
ive oil consumption (Table 1). This corresponds to an OR
of 1.0017 (approximately 1.002) for AD per SD higher
olive oil use, with a 95% confidence interval ranging from
0.9955 to 1.0079. The association was not statistically
significant (P = 0.583). Using a fixed-effects [IVW model
(appropriate given low heterogeneity), the estimate was
identical (B = 0.0017) with a slightly smaller standard er-
ror (SE = 0.0024) and P = 0.48. For interpretation, an SD
increase in the olive oil usage phenotype (which might be

Figure 4. Forest plot displaying SNP
specific Wald ratio estimates and overall
Mendelian randomisation est-imates

rs11137009
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(IVW and MR-Egger) for olive oil
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Confidence intervals crossing the null line
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akin to comparing people who primarily use olive oil ver-
sus those who rarely do) was associated with essentially
no change in AD risk. The point estimate was very close
to zero, and the confidence intervals excluded any effect
of material importance. For instance, we can infer that a
protective effect larger than roughly 1% reduction in odds
of AD per SD of olive oil use is statistically incompat-
ible with our data (since the 95% CI lower bound was OR
0.995). Similarly, there was no evidence of a harmful ef-
fect (upper CI: 1.008, just a 0.8% possible increase) (Table
1).

All sensitivity MR methods concurred with the null find-
ing (Figure 4). The forest plot illustrates individual SNP
effects on Alzheimer’s disease risk, along with pooled
estimates from IVW and MR-Egger. Each SNP-specific
estimate is centered close to zero, with 95% confidence
intervals overlapping the null. The combined IVW and
MR-Egger estimates are similarly centered around the null
line, demonstrating that neither individual instruments nor
aggregate estimates provide evidence for a causal associa-
tion. This uniformity across SNPs rules out the possibility
that a subset of instruments might be driving the results.

MR-Egger regression yielded a causal estimate of f =
0.0059 (SE 0.0105), which, although positive in point es-
timate, was not significantly different from zero (P = 0.59).
The MR-Egger point estimate has a wide CI (-0.0148
to 0.0266 on the log OR scale), but it overlaps with the
IVW estimate. Importantly, the MR-Egger intercept was
-0.00008 (SE 0.00019), which is very close to zero with P
= 0.689. This indicates no evidence of directional pleiot-
ropy — on average, the genetic instruments do not appear
to influence AD through pathways unrelated to olive oil
(if they did, the intercept would likely deviate from zero).
The intercept CI (-0.00045 to 0.00029) is narrow, sug-
gesting any net pleiotropic effect is negligible. Weighted
median MR gave an estimate of f = 0.0016 (SE 0.00345,
P = 0.648), virtually identical to IVW. Simple mode and
weighted mode estimates were also near zero (f ~ 0.0015)
and non-significant (P > 0.76). Thus, whether we assume
that at least 50% of the weight comes from valid instru-
ments (weighted median) or even that only the largest
instrument cluster is valid (mode methods), the conclu-
sion remains the same: no causal effect of olive oil on AD.
Table 1 summarizes the MR estimates by method, all of

MR Method
Inverse variance weighted
MR Egger
®
145-
[ ]
= 140-
L
2]
el
L
L
L ]
135= °
L
[ ]
-0.01 0.00 0.01
Biv

Figure 5. Funnel plot of SNP-specific causal estimates for olive oil consumption and Alzheimer’s disease. Symmetry of the plot suggests no

evidence of directional pleiotropy.
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which are null.
Pleiotropy and heterogeneity checks

We found no significant heterogeneity in the SNP-specific
causal estimates. Cochran’s Q for IVW was Q = 13.11
on 8 degrees of freedom (P = 0.108), indicating that the
variation in SNP effects could be due to chance alone. For
MR-Egger, Q = 12.79 on 7 df (P = 0.077); while slightly
lower df, this was also non-significant (and the borderline
P =0.077 likely reflects one less SNP or inherent noise
rather than definite heterogeneity). Given the nonsignifi-
cant Q, we interpret that the instruments are fairly homo-
geneous in their estimated effect on AD — which strength-
ens the validity of the IVW estimate. The scatterplot
visually confirms that all SNPs cluster tightly around the
null line, with no outliers far off the regression line (Figure
3).

The funnel plot (Figure 5) of SNP effects was symmetric
and roughly inverted funnel-shaped, as expected under

no directional pleiotropy. The funnel plot displays SNP
estimates plotted against their precision. The distribution
is symmetric around the vertical null line, indicating the
absence of systematic bias. SNPs with higher standard
errors (less precise estimates) scatter more widely, as ex-
pected, but remain evenly balanced across both sides of
the null. The lack of skewness in the funnel supports the
conclusion from MR-Egger’s intercept test that there is no
directional pleiotropy, confirming that genetic instruments
are valid.

SNPs with larger SE (less precise) showed wider scatter
around the zero effect, but there was no tendency for those
to lean to one side of the null. The MR-Egger intercept
test, as noted, was null (P = 0.69), reinforcing that there
is no evidence that the instruments as a group have pleio-
tropic biases. We also applied the MR-PRESSO global
test, which did not detect any outlier SNP (global test P =
0.72). Therefore, we did not remove any SNPs as poten-
tial pleiotropic outliers — all instruments were retained in

Figure 6. Leave-one-out sensitivity
analysis of the causal effect of olive oil
consumption on Alzheimer’s disease.
Each point shows the IVW estimate after

excluding one SNP at a time; all estimates
remain close to the null.
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the analysis.

The leave-one-out sensitivity analysis further demonstrat-
ed the robustness of the null result (Figure 6). The leave-
one-out analysis demonstrates that removing any single
SNP does not materially alter the overall causal estimate.
Each recalculated IVW estimate lies close to zero, with
confidence intervals consistently spanning the null. This
stability across all iterations indicates that no single SNP
exerts undue influence on the analysis. Such robustness
enhances confidence that the null finding is not driven by
outlier variants or instrument instability.

When excluding each SNP in turn, the IVW estimates
remained very close to zero and none of those excluding-
one analyses yielded a significant association. For in-
stance, leaving out the top SNP on chr7 (rs6966854) gave
an OR of 1.0017 (P = 0.63); leaving out rs11137009 (chr8)
gave OR: 0.9998 (P = 0.96); leaving out rs10970249
(chr9) gave OR: 1.0025 (P = 0.47); and so on (full leave-
one-out results in Supplementary Table 2). No single
variant’s removal produced a notable swing in effect size
or confidence interval. We also note that none of the in-
dividual SNP-AD associations showed even a nominally
significant effect on AD (all single-SNP Wald ratios had P
>0.4).

Two-step Mendelian randomization results

Given the null total effect of olive oil on AD, the media-
tion analyses also yielded null results. The two-step MR
provided no significant indirect effects through any tested
pathway, but the estimates still help clarify where an ef-
fect would have appeared if present (Table 2). For lipid
traits, genetic proxies for olive oil showed no meaningful
association with circulating lipids. For LDL-C, the IVW
estimate for olive oil to LDL-C was B = +0.055 SD per
SD of olive oil (95% CI -0.137 to +0.248, P = 0.58). As-
sociations were likewise non-significant for HDL (B =
+0.083, P = 0.24), triglycerides (B = -0.046, P = 0.38),
total cholesterol (B = +0.0313, P = 0.14), apolipopro-
tein B (B = -0.046, P = 0.75), and apolipoprotein A1 (B
= +0.059, P = 0.32). MR estimates for lipid traits to AD
were mostly null as well: LDL-C B = -0.00046 per SD (P
= 0.18), HDL-C B = -0.00026 (P = 0.28), triglycerides 3
=-0.00033 (P =0.22), and ApoB B =-0.00020 (P = 0.48).
Because neither step was significant, indirect effects were
essentially zero, for example LDL-mediated B4, = 0.055
x (-0.00046) = -0.000025 with P = 0.61. Results were
similar for HDL, triglycerides, total cholesterol, ApoB,
and ApoAl (all P > 0.4). These findings do not support
lipid-mediated pathways.

Genetically higher blood pressure showed only weak,
non-significant links to AD in this dataset; for example, a
10 mmHg higher SBP corresponded to an OR of 1.00 for
AD with P = 0.97. Accordingly, indirect effects via SBP
or diastolic blood pressure were non-significant (both P
> 0.9). Using large stroke GWAS instruments, olive oil
genetic scores were not associated with ischemic stroke
risk (P = 0.56), and stroke liability did not show a signifi-
cant effect on AD (P = 0.86). Small-vessel stroke behaved
similarly. No mediation through blood pressure or stroke

was detected.

For metabolic traits, genetically higher olive oil use did
not reduce adiposity or diabetes risk. The point estimate
for BMI was positive and non-significant (P = 0.53).
Waist-hip ratio adjusted for BMI showed no association (§
=-0.002 SD, P = 0.98), and type 2 diabetes liability was
also null (OR: 1.03 per SD of olive oil, P = 0.41). In me-
diator-to-outcome analyses, higher genetically predicted
BMI showed a small, non-significant inverse relation with
AD (P = 0.49), and type 2 diabetes liability had no sig-
nificant effect (P = 0.16). Indirect effects of olive oil via
BMI and diabetes were not significant (P = 0.64 and 0.48).
There is therefore no evidence for mediation through
metabolic pathways. For inflammation, CRP did not ap-
pear to mediate any effect. Olive oil instruments were not
associated with CRP (B = +0.027 SD of log-CRP per SD
of olive oil, P = 0.63), and CRP showed no causal effect
on AD (B =-0.00032 per SD, P = 0.36). The indirect ef-
fect via CRP was non-significant (P = 0.67).

Overall, across lipid, vascular, metabolic, and inflamma-
tory domains, two-step MR showed no significant media-
tion (Figure 7). Neither the cardiometabolic effects often
attributed to olive oil nor potential adverse metabolic
effects translated into any detectable change in AD risk
within the precision of this analysis. The analysis shows
that genetically predicted olive oil consumption does not
significantly alter lipid traits (LDL, HDL, triglycerides,
ApoB, ApoAl), blood pressure (systolic, diastolic), meta-
bolic traits (BMI, WHR, type 2 diabetes), or inflammation
(C-reactive protein). Furthermore, none of these traits ex-
hibit a significant causal relationship with AD in this data-
set. Consequently, all indirect effect estimates are close to
zero, with wide confidence intervals encompassing null.

Multivariable Mendelian randomization results

A multivariable MR was performed including olive oil
and four risk factors (ApoB, SBP, BMI, CRP) to estimate
the direct effect of each on AD, where the results are pre-
sented in Table 3. The direct effect of olive oil on AD,
controlling for those factors, was null. The multivariable
IVW yielded a coefficient § = -0.00244 for olive oil (SE =
0.00241), corresponding to OR of 0.9976 per SD increase
in olive oil use, with P = 0.31.

The MVMR estimates for other exposures also did not
reach a statistical significance. For ApoB, the direct effect
was 3 =-0.00037 (SE = 0.00035) on AD (OR: 0.9996 per
1 SD increase), P = 0.29. SBP showed B = +0.00040 (SE
= 0.00056) per SD increase (5 mmHg), P = 0.48. BMI
had  =-0.00036 (SE = 0.00073) per SD increase (4.8 kg/
m’), P = 0.62. CRP had B = -0.00078 (SE = 0.00071) per
SD increase, P = 0.27. None of these associations reached
significance. In the multivariable analysis, olive oil also
did not demonstrate a significant direct effect on AD. The
point estimate was close to null (OR:1.00), with a 95% CI
ranging approximately from 0.993 to 1.002. The MVMR
models accounted for overlapping instruments across ex-
posures, and the confidence intervals, although wider than
in univariable MR, still excluded moderate effects.
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Discussion

In this two-sample MR study, we found no evidence that
genetically predicted olive oil consumption reduces the
risk of Alzheimer’s disease. Despite olive oil’s reputed
health benefits and observational links to better cognitive
health, our MR results indicate that any causal impact on
AD is likely negligible. The IVW MR estimate was es-
sentially null (OR: 1.00, P = 0.58), and a variety of sensi-
tivity analyses (MR-Egger, median, mode) all concurred,
with no hint of a protective effect. There was no sign of
confounding by pleiotropy. The MR-Egger intercept was
nearly zero (P = 0.69) and the funnel plot was symmetric,
suggesting the genetic instruments were valid proxies for
the exposure. Furthermore, we undertook extensive inves-
tigations to see if olive oil might influence AD indirectly
via improving cardiovascular or metabolic risk factors.
These two-step MR mediation analyses consistently came
up null: olive oil genetic proxies did not significantly af-
fect lipid levels, blood pressure, adiposity, or inflamma-

tion in our data, nor were those factors strongly causally
related to AD in a way that would imply mediation. The
multivariable MR analysis, accounting jointly for olive oil
and major risk factors, confirmed that when controlling
for those pathways, olive oil still had no observable effect
on AD risk. Overall, the evidence from our study is con-
sistent with a true null causal relationship between olive
oil intake and Alzheimer’s disease.

This finding contrasts with some observational epide-
miological studies that have suggested a beneficial link
between olive oil (or Mediterranean diet patterns) and
lower dementia risk. For example, the cohort study by
Scarmeas et al. found a ~40% lower AD risk in individu-
als with high Mediterranean diet adherence (with olive oil
as a key component) [2]. More recently, a large analysis
of U.S. cohorts reported that people consuming > 7 g/day
of olive oil had 28% lower risk of dying due to dementia
compared to those rarely consuming olive oil [10]. Addi-
tionally, a cohort and RCT in Spanish population revealed
that the Mediterranean diet with olive oil was associated
with better cognitive outcomes than a low-fat diet, but
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Figure 7. Two-step Mendelian randomization analysis testing mediation pathways between olive oil consumption and Alzheimer’s disease.
Pathways assessed include lipid traits, blood pressure, metabolic risk factors, and systemic inflammation. No significant indirect effects were observed.
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the effect was observed after adjusting with major cardio-
vascular risk factors [7, 8]. Pooled estimates of multiple
observational studies revealed that Mediterranian diet is
significantly associated with reduced AD, but high hetero-
geneity cannot be ignored [26].

One likely explanation is confounding and healthy-user
bias in observational studies. Olive oil consumption is
a hallmark of a healthier dietary pattern and lifestyle. In
Western populations (like the U.S. cohorts), individu-
als who use olive oil tend to also have higher education,
higher income, healthier overall diets (more vegetables,
fish, less saturated fat), and better access to healthcare —
all factors linked to lower dementia risk. The U.S. study
attempted to adjust for diet quality and even APOE geno-
type and still found an association, but residual confound-
ing is hard to eliminate entirely [10]. MR, by using ge-
netic variants as proxies, is not influenced by these socio-
behavioral confounders. Our null result suggests that
those observational associations might not be due to olive
oil itself, but rather due to other correlated factors. Sup-
porting this, when diet quality was accounted for, olive oil
was still associated with less dementia mortality in that
study, but MR finds the genetic inclination to use olive oil
(which should be unrelated to one’s social environment)
does not confer an advantage.

Another consideration is reverse causation. Prodromal AD
can begin decades before diagnosis and may influence eat-
ing habits, especially due to low knowledge and attitude
for the disease [27]. For instance, people developing cog-
nitive decline might lose appetite for cooking or switch to
simpler diets [28], which could mean less olive oil use if
they rely on convenience foods. This could create an il-
lusion that high olive oil intake is protective, whereas in
fact, incipient AD leads to dietary changes. MR, using ge-
netic proxies fixed from birth, is immune to reverse causa-
tion. Our findings therefore support the absence of a caus-
al effect, whereas longitudinal observational studies may
remain vulnerable to confounding by preclinical disease.
Similar limitations are also observed in interventional evi-
dence. Two Australian RCTs had only 6 months of follow-
up and dropout exceeding 20% in the intervention arm [29,
30]. Longer RCTs (> 3 years) reported benefits, but their
populations had high cardiovascular risk and the interven-
tion combined olive oil with nuts [8, 31], complicating
interpretation. A well-designed trial with extended follow-
up in cognitively healthy populations would be required to
definitely rule out reverse causation and confounding, but
MR provides supportive evidence in the meantime.

Table 3. Multivariable MR estimates.

Exposure SNPs B (SE)
—0.00036 (0.00073)  0.62
0.00040 (0.00056) 0.48

P-value

Body mass index 21
Systolic blood pressure 98

C-reactive protein 22 —-0.00078 (0.00071)  0.27
Apolipoprotein B 28 —-0.00037 (0.00035)  0.29
Olive oil intake 0 —0.00244 (0.00241)  0.31

Note: * means no valid instruments remained after conditioning on
covariates.

It is also instructive to compare our results with MR find-
ings for other dietary factors. A recent comprehensive MR
by Teng et al. screened 231 diet-related traits; they found
robust evidence that higher oily fish intake causally reduc-
es AD risk (OR: 0.60, P < 0.001 after FDR correction),
whereas olive oil intake did not emerge as significant
[32]. They did note suggestive protective signals for some
beverages (tea, moderate alcohol) and harmful signals
for sugary/fried foods, but olive oil was not noteworthy
in that MR scan [32]. Our focused analysis aligns with
that broad MR study: olive oil is not a major player in AD
causation, whereas fish (rich in omega-3 fatty acids) may
be. This suggests that certain components of a Mediter-
ranean diet (like fish or perhaps antioxidants in wine/tea)
could be driving the cognitive benefits, rather than olive
oil itself.

Our results, herein, are also in line with previous MR stud-
ies on plasma lipids and AD which generally do not find a
harmful causal effect of higher LDL cholesterol on AD [33,
34]. A study even suggests a paradoxical inverse effect
(genetically higher LDL associated with lower AD risk)
[33]. Similarly, drug-target MR analyses using variants in
HMGCR, APOB, and NPC1L1 showed no evidence that
lowering LDL-C through these pathways affects AD risk,
though PCSK9 inhibition uniquely appeared to increase
AD risk despite its protective effect on coronary artery
disease [34]. Given that the primary cardioprotective
mechanism of olive oil is thought to operate through lipid
modulation, the absence of a causal relationship between
lipids and AD risk (and even the possibility of an inverse
association) suggests that olive oil is unlikely to influence
AD through this pathway. Likewise, although midlife
blood pressure is an established risk factor for dementia
[35, 36], genetic evidence (including in the present study)
indicates only weak causal links between lifelong blood
pressure and AD. This may reflect survival bias, whereby
individuals with elevated blood pressure who reach
older ages possess other protective characteristics, or the
mitigating effects of antihypertensive treatment. In this
context, our null findings regarding olive oil and AD risk
are consistent, where modification of vascular risk factors
alone may have limited impact on AD. While vascular
dementia or mixed dementia phenotypes may be more re-
sponsive to such interventions, our outcome was all-cause
AD as captured in genetic datasets, which largely empha-
size Alzheimer pathology.

An alternative interpretation is that any potential benefits
of olive oil may be context dependent. In the present
study, genetic predisposition to olive oil use likely reflects
consumption within a predominantly Western dietary
context, as the UK Biobank represents a British cohort
where olive oil use is less embedded in daily eating hab-
its than in Mediterranean cultures [37, 38]. Under such
circumstances, the health effects of olive oil may be at-
tenuated. In contrast, in Mediterranean populations, olive
oil is consumed as part of a broader dietary pattern rich in
vegetables, legumes, and fish [37]. This pattern provides
a combination of neuroprotective nutrients (e.g., vitamins,
polyphenols, fiber) while limiting intake of potentially
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harmful components such as red meat and saturated fat.
It is therefore plausible that olive oil in isolation, particu-
larly when incorporated into an otherwise suboptimal diet,
exerts little measurable influence on AD risk, whereas the
Mediterranean dietary pattern as a whole may be protec-
tive through synergistic effects. Mendelian randomization
analyses, by design, evaluate olive oil independently and
cannot capture the contribution of the broader dietary con-
text. Accordingly, our findings suggest that olive oil alone
is unlikely to have a substantial protective effect against
AD, without excluding the possibility that adherence to a
comprehensive Mediterranean diet confers cognitive ben-
efits.

It is important to acknowledge several limitations when
interpreting our findings. First, the genetic instruments
for olive oil intake were relatively weak, which reduces
statistical power. Although the AD GWAS sample was
large (n = + 488,000), a very small effect might not have
been detectable. However, our confidence intervals were
narrow (£ 0.99-1.01 per SD), suggesting that any true
effect is likely negligible (on the order of 1-2% risk
reduction). Second, dietary preference phenotypes are
inherently complex and may not fully capture true olive
oil consumption or its biochemical exposure, introducing
potential measurement error. The olive oil exposure phe-
notype in UK Biobank relied on a single self-report item
about usual cooking fat, which lacks dose quantification
and may lead to misclassification, biasing results toward
the null. While such error is unlikely to correlate with
genotype, instrument weakness and reduced precision
remain concerns, even though all SNPs exceeded F' > 10.
Third, our analysis included only individuals of European
ancestry, limiting generalizability. Genetic and dietary ef-
fects may differ across populations. For example, APOE
€4 prevalence varies globally, and olive oil consumption
is generally lower outside Mediterranean regions. Thus,
potential effects in populations with lifelong high intake
are not directly tested here. Fourth, AD is a heterogeneous
outcome in GWAS data, incorporating clinically diag-
nosed cases and proxy reports. Effects confined to specific
dementia subtypes, such as vascular dementia, may be di-
luted. Our mediation analyses for stroke and small vessel
disease found no signal, but subtle domain-specific effects
(such as cognitive performance) cannot be excluded.

Conclusions

The present study reveals no causal link between olive oil
intake and Alzheimer’s disease. The consistency across
MR methods and the lack of effect across multiple path-
ways strengthen the credibility of this null result. This
present MR study adds nuance to the existing literature
by showing that, although olive oil is well established as
cardioprotective and forms part of dietary patterns linked
with healthy aging, it does not appear to provide meaning-
ful protection against Alzheimer’s disease. Nonetheless,
adherence to a balanced Mediterranean-style diet, with
olive oil as one component, remains advisable for overall

health and may reduce dementia risk through other dietary
factors and potential synergistic effects. Future work in-
tegrating multi-omics data and longitudinal trials will be
helpful to fully elucidate the relationship between diet and
neurodegeneration.
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