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Abstract

INTRODUCTION: Lower blood levels of the omega-3
polyunsaturated fatty acid docosahexaenoic acid (DHA) are
correlated with worse cognitive functions, particularly among
APOE ¢4 carriers. Whether DHA supplementation in APOE
€4 carriers with limited DHA consumption and dementia risk
factors can delay or slow down disease progression when
started before the onset of clinical dementia is not known.
METHODS: PreventE4 is a double-blind, single site,
randomized, placebo-controlled trial in cognitively unimpaired
individuals with limited omega-3 consumption and dementia
risk factors (n=368). Its objectives are to determine (1)
whether carrying the APOE &4 allele is associated with lower
delivery of DHA to the brain; and (2) whether high dose DHA
supplementation affects brain imaging biomarkers of AD and
cognitive function.

RESULTS: 365 cognitively unimpaired individuals between 55
and 80 (mean age 66) were randomized to 2 grams of DHA per
day or identically appearing placebo for a period of 2 years.
Half the participants were asked to complete lumbar punctures
at baseline and 6-month visits to obtain cerebrospinal fluid
(CSF). The primary trial outcome measure is the change in CSF
DHA to arachidonic acid ratio after 6 months of the intervention
(n=181). Secondary trial outcomes include the change
in functional and structural connectivity using resting state
functional MRI at 24 months (n=365). Exploratory outcomes
include the change in Repeatable Battery of the Assessment of
Neuropsychological Status at 24 months (n=365).
CONCLUSIONS: Findings from PreventE4 will clarify the brain
delivery of DHA in individuals carrying the APOE ¢4 allele
with implications for dementia prevention strategies. Trial was
registered as NCT03613844.
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Introduction

(PUFA) docosahexaenoic acid (DHA) has

important roles in synaptic plasticity and
membrane fluidity (1). The brain requires DHA for
maintenance of neuronal membranes, clearance of beta
amyloid (AP) proteins and modulation of inflammation.
Several studies have reported lower DHA levels with
neuroinflammation, oxidative stress, lower synaptic
activity, and hippocampal functions (2, 3). DHA brain
levels and the ratio of DHA to Arachidonic Acid (AA)
have been observed to be diminished in individuals
with Alzheimer’s Disease (AD) (4), although these
findings have been inconsistent (5, 6). Previous research
evaluating the efficacy of DHA supplementation on
cognition and dementia have shown mixed results.
As a treatment for patients with dementia, DHA
supplementation has not been effective (7, 8).

To determine if DHA supplementation is a viable
prevention for AD, the target population that would
most benefit from supplementation must be identified.
The apolipoprotein E €4 (APOE4) allele is the greatest
genetic risk factor for development of late-onset AD
(9). APOE4 modifies DHA metabolism in the brain and
in the periphery (10), and reduces brain DHA delivery
before the onset of dementia (11). There is an association
between greater blood omega-3 levels in APOE4 carriers
during mid-life with markers of lower AD risk (12) but
this relationship is not present in patients with dementia.
Therefore, cognitively unimpaired APOE4 carriers
might represent a target population that could benefit
from this intervention (13). The main objective of the
PreventE4 trial is to test the delivery of high dose DHA
to cerebrospinal fluid (CSF) after supplementation and
whether DHA supplementation improves brain structure
and connectivity and measures of cognitive outcomes.

The omega-3 (w-3) polyunsaturated fatty acid



The objectives of the paper are to: (1) summarize
background literature on DHA in relation to brain health;
and (2) summarize the PreventE4 trial protocol (the
complete protocol is included as a supplement) (3) and
report the baseline findings.

Background

APOE4 and brain DHA metabolism

ApoE proteins have pleotropic functions that include
the exchange of cholesterol and lipids between astrocytes
and neurons; this function is intricately involved in
synaptic plasticity and reinnervation after injury (14-
16). In that regard, APOE4 proteins appear to be less
efficient in lipid exchange to support injured neurons
compared to ApoE3 and ApoE2 (17). In cells, APOE4
impacts the metabolism of PUFAs in the brain. For
example, in astrocytes, APOE4 activates ca®>* dependent
phospholipase A2 (18) to liberate AA from membrane
phospholipids favoring a decrease in the DHA to AA
ratio. In postmortem human brains, CSF and plasma, a
lower DHA/AA was found in APOE4 carriers with AD
pathology (4, 19, 20). In one study in mice, APOE4 was
associated with an increased consumption of omega-3
fatty acids via beta-oxidation compared to APOE2 (21),
resulting in lower plasma and adipose tissue omega-3
levels. In humans, APOE4 carriers given a dose of 40 mg
of 13C DHA had 31% lower increase in plasma levels
compared to non-carriers (22). Combined, these findings
support a shift toward lower DHA/AA and greater loss
of DHA in APOE4 carriers compared to non-carriers.
Using DHA PET scans, we identified greater brain uptake
of DHA in cognitively unimpaired APOE4 carriers in their
mid-thirties compared to non-carriers (10), suggesting
compensation for greater consumption of brain DHA.
Since DHA levels are largely determined by the diet, a
greater need for DHA brain consumption in APOE4 has
negative implications for brain functions in those with
limited DHA intake.

Response of APOE4 carriers to DHA
supplementation

APOE4 carriers with dementia do not respond to
DHA supplementation (7). In postmortem brain tissues
of patients with APOE4 dementia, there is evidence
of greater eicosanoid lipid profiles than non-carriers
suggestive of breakdown of AA and manifesting in a
state of chronic sustained inflammation (4, 18). This
is not observed in the APOE4 post-mortem brain
without dementia raising the prospects that the effects
of APOE4 on the brain are modifiable. However,
DHA supplementation trials even in patients without
dementia report inconsistent results, with some finding
improvement in memory outcomes while others report
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no cognitive benefits (23). Several factors may affect the
response of APOE4 carriers to w-3 supplementation. First,
not all APOE4 carriers will progress to dementia. The
risk of developing AD dementia increases in individuals
with cardiovascular disease (CVD) risk factors, lower
education, higher age, and limited seafood consumption
(24-27). CVD subgroup analyses across clinical trials have
demonstrated that individuals with these risk factors may
cognitively benefit most from omega-3 supplementation.
Second, individuals that regularly consume fatty fish may
not benefit from DHA supplementation because of their
adequate intake. Third, dosage and duration of omega-
3 supplementation have important roles on its brain
delivery. In trials that used low doses (<lgram per day),
omega-3 supplementation may have not been sufficient
to effectively deliver DHA to the brain (28, 29). Higher
DHA doses may be needed to effectively deliver DHA to
the brain to reduce neurodegeneration, and this concept is
supported by high dose DHA supplementation in APOE4
animal models preventing cognitive deficits (30, 31). The
DHA Brain delivery pilot trial tested the effect of high
dose (>2grams per day) DHA supplementation on CSF
DHA levels. High dose DHA supplementation led to a
modest 28% increase in CSF DHA (11), confirming the
importance of greater DHA doses for brain delivery.

Cofactors that affect systemic and brain DHA
levels

Many factors affect DHA incorporation into brain
tissues. These factors are listed in Table 1 and include
in addition to DHA dose, age, sex, physical activity,
body mass index, smoking, homocysteine levels,
B vitamin status and brain AD pathology. B vitamin
supplementation, combined with high levels of blood
DHA, is associated with a reduced rate of brain atrophy
(32). B vitamins were found not to have significant
cognitive effects on individuals with low levels of DHA
(33). In the VITACOG trial, the brain’s atrophy rate,
along with cognitive decline, were slowed by the intake
of B vitamins and high levels of w-3 fatty acids (34).
DHA dose also has important implications on levels
and outcomes. Clinical trials that have investigated
DHA supplementation have used doses of DHA that
vary greatly. DHA doses >1 gram per day have been
associated with greater drug-placebo differences on
cognitive outcomes (35). We have reported that greater
brain amyloidosis, as assessed by lower CSF amyloid (3-42
(Ap-42), was associated with lower CSF DHA levels after
supplementation (20).

DHA, brain volume, structural and functional
connectivity

The Aging Brain study identified a correlation between
lower serum DHA levels and lower hippocampal and
entorhinal cortex (ERC) volumes (23). The ERC is one of
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Table 1. Factors that affect systemic and brain DHA levels

Variable:
Sex
Sex hormones

Ethnicity

Smoking
APOE#4 carriers
FADS genotype

B Vitamins

PEMT
Folic Acid
Alcohol

Influence on DHA levels:
Women have higher plasma DHA levels at baseline and after supplementation compared to men (56).
Progesterone increases omega-3 PUFA biosynthesis in liver cells in vitro. Estrogen increases plasma DHA levels (57).

A study comparing plasma DHA levels in Chinese, White, Black, and Hispanic adults found higher DHA levels in Chinese adults compared
to Hispanic adults (58).

Smokers have lower levels of red blood cell DHA than non-smokers (59).
APOEA4 carriers have lower concentrations of plasma, DHA compared to APOE3 carriers before the onset of dementia (16, 21, 60).

DHA levels in plasma were higher in women homozygous for the major alleles rs174561, rs174575, and rs3834458 compared to the minor
allele on the FADS1 and FADS2 gene cluster (61).

Plasma EPA and DHA modify the treatment effect of homocysteine-lowering B vitamins on brain atrophy rates in a placebo-controlled trial
(VITACOG) (32, 34).

PEMT increases liver and plasma DHA biosynthesis (62).
There is a significant and positive correlation between plasma DHA and RBC folate concentrations (63).

Moderate alcohol intake is positively associated with RBC and plasma DHA concentrations in women (64, 65).

Wine drinkers

There is an association between drinking wine and increased RBC and plasma DHA in wine drinkers, but none with beer and spirits (66).
However, chronic alcohol drinkers have lower levels of DHA than non-chronic alcohol drinkers (66).

ALA diet ALA diets produce an increase in EPA, DPA and DHA levels (67).

Polyphenols of whole Whole rye bread consumption increases EPA and DHA levels in the blood and liver (68).

rye

Exercise Exercise correlates with higher baseline and uptake levels of DHA in the brain (69).

BMI Individuals with lower body weight have a greater response to DHA intake than individuals with a higher body weight (70).

Brain pathology Post mortem brains of patients with APOE4 dementia have lower DHA, EPA, and DPA ratio to AA compared to those without APOE4

dementia (4). Greater brain amyloidosis associates with lower CSF DHA levels[20].

Polyunsaturated fatty acids (PUFA); docosahexaenoic acid (DHA); docosapentaenoic acid, (DPA); alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA); Fatty Acid
Desaturases (FADS); Body Mass Index (BMI); Phosphatidylethanola-mine methyltransferase (PEMT).

the sites of early neurofibrillary tangle deposition and
is found to be thinner in cognitively healthy adults with
APOE4 in comparison to non-carriers (37). A retrospective
study examining brain volume and w-3 found an
association between w-3 and increases in hippocampal
volume in APOE4 non-carriers (38). Additionally, a study
by Witte et al., found an increase in white matter integrity
in several regions of the brain after 26 weeks of high dose
supplementation of w-3s.

DHA and cognitive outcomes

DHA contributes to several neurological pathways,
including maintenance of myelination, neuron growth
and survival, reduction or resolution of inflammation,
synaptic plasticity, membrane receptor function and
lipid raft organization (39). DHA also enhances neurite
outgrowth and neurogenesis which can improve
learning and cognition (40, 41). The role of DHA
supplementation on cognitive functions in the aging brain
is not fully understood. Although DHA is essential for the
development of certain brain regions during gestation,
such as the frontal lobes, which are implicated in higher-
order cognitive functions (42-44), it is not clear whether
it is required to maintain cognitive functions in the aging
brain. It is important to recognize that the adult brain
consumes only 4 mg of DHA per day (45). How APOE4
affects DHA brain requirements is not fully understood
but there is evidence to support that brains of younger

APOE4 carriers have a greater demand for plasma
derived DHA than non-carriers (10).

DHA intake appears to affect memory, executive
functions, and processing speed. In one study, omega-3
consumption was associated with greater hippocampal
volume, suggesting that DHA may improve memory
consolidation and learning. The ERC of the brain receives
input from various regions and is the main provider of
information to the hippocampus. The ERC is mainly
implicated in spatial processing and spatial memory
(46). Studies of cognitively unimpaired APOE4 carriers
found greater cortical thickness compared to non-carriers
and this was significantly related to DHA levels (47).
Increased thickness of the ERC from supplementation
can potentially improve orientation and processing
speed, two functions affected by AD pathology. APOE4
cognitively healthy adults already exhibit changes in
white matter (WM) integrity prior to exhibiting signs
of dementia (48). A study examining the effects of
omega-3s on brain microstructure found neuroprotective
signs that were strongest in cortico-striatal fasciculus,
an area particularly vulnerable to degeneration (49).
Their data also suggested greater WM integrity, which
was associated with higher omega-3 consumption (49).
Increases in the integrity of this structural component
mediated by omega-3 intake is associated with
improvement in memory and executive functioning (50).
Changes in WM integrity has also been linked to changes
in processing speed (51).



Table 2. Trial Eligibility, Interventions and Outcomes
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Eligibility criteria
Inclusion Criteria
1. Age >55 and < 80
2. >1 CVD dementia risk factor
a. Body mass index > 30 kg /m?
b. Blood pressure > 140/90 mmHg
c. Total cholesterol > 250 mg/dL
d. Physical activity: < 30 mins three times per week

e. Education: < 12 years

Exclusion criteria
Dementia as assessed by DSM-5 criteria

Use of omega-3 preparations over the last 3 months

SN RO N RN DN

Interventions

Vitamin B complex composition for all participants

Outcomes

Exploratory at 6 and 24 months: stool for microbiome analysis

3. Age adjusted Mini-Mental State Examination (MMSE) > 25
4. Logical Memory II delayed recall, > 6 and <18 (with education adjustment)
5. Functional Assessment Questionnaire (FAQ) <9

>200mg/day of DHA consumption using a validated questionnaire
Historical use of donepezil, rivastigmine, galantamine, and /or memantine
Major mood disorders including depression and bipolar disorders (DSM-1V)

Participation in any other clinical trial in the last 30 days.

Fatty acid composition of DHA supplements vs placebo, 2 x per day for two years

Primary at 6-months: CSF DHA / AA levels at 6 months in LP subset.

Secondary at 2 years: Resting state functional MRI, Diffusion Tensor Imaging, and volumetric MRI in all 368 participants.

Exploratory at 2 years: RBANS, plasma eicosanoids, other oxylipins, AR 42/40, ptau 181

PreventE4 Protocol

General Trial Design and Objective

PreventE4 is a double-blind single-site placebo-
controlled parallel group randomized trial with 1:1
allocation to identify whether carrying the APOE ¢4
allele is associated with reduced delivery of DHA to
the brain. The goal of PreventE4 is to recruit 368
cognitively unimpaired individuals who are between
the ages of 55-80 with cardiovascular dementia risk
factors; 184 of these individuals are APOE4 carriers and
184 are non-APOE4 carriers. The main objective of the
trial is to examine whether the delivery of high dose
DHA to the brain following supplementation differs
by APOE genotype, informing future AD prevention
strategies. The primary objective will be tested in 184
eligible participants consenting to lumbar puncture
(LP) to assess brain delivery of DHA. Secondary and

exploratory objectives examining DHA supplementation
effects on neuroimaging and cognitive outcomes will
be tested in the entire sample of 368 participants.
PreventE4 is approved by the University of Southern
California Institutional Review Board and is registered on
clinicaltrials.gov (NCT03613844). Trial eligibility criteria,
interventions and outcomes are summarized in Table 2.

Participants

The trial includes participants between the ages of 55
and 80 with at least 1 cardiovascular dementia risk factor
but with no evidence of clinical dementia. The complete
inclusion/exclusion criteria are listed in Table 2.

Recruitment

Participants were recruited from the public residing
in the state of California, United States. The USC Keck
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Hospital EMR query was used to identify potential
participants; recruitment letters were sent to these
individuals. Other sources of recruitment included
flyer postage on campus grounds, community events,
and news advertisements in the local Los Angeles
area. In addition to the main clinical site at USC
Health Sciences Campus, the study has a site in East
Los Angeles (Roybal Clinic) to enhance the recruitment
of Latinos. The recruitment strategy, especially for
underrepresented groups (URGs), was direct community
outreach. For this strategy, we utilized both virtual and
in-person approaches. During COVID restrictions, we
utilized virtual outreach recruitment strategies, which
included but were not limited to, social media, internet,
e-newsletters, virtual education events such as the
annual USC ADRC Memory Caregiver Symposium,
and streaming internet radio educational programs. A
significant proportion of this outreach was purposely
targeted towards Latinos and included Facebook postings
and streaming internet ads, which discussed health
disparities. In-person community activities recruited
prospective participants at health fairs and various
community venues. Other examples included educational
talks and setting up tables at Latino churches, community
organizations, and professional organizations.

Interventions (supplement dose and
administration)

A total of 2 grams of DHA or placebo are consumed
a day along with 1 supplement of vitamin B for a 2-year
intervention period. The DHA intervention capsules
contain algal-derived triglyceride DHA-S. The placebo is
composed of 50% corn oil and 50% soy oil. The specific
fatty acid profile of DHA and the placebo are listed in
Supplementary Table 1A. Both DHA and placebo are
identical in appearance and size, as well as containers,
and are distributed by DSM nutritional products.
Supplements are given to participants to take home and
consume twice daily. All participants are also provided
and given instructions to take one vitamin B complex
supplement (composition provided in Supplementary
Table 1B) a day and are given written instructions to limit
their DHA intake during the trial.

Trial outcomes

The primary trial outcome measure is the 6-month
change in cerebrospinal fluid DHA/AA levels in 184
subjects consenting to lumbar puncture (LP). Baseline and
6-month cerebrospinal fluid DHA levels will be assessed
by mass spectrometry. Secondary outcome measures
include the 2-year change in functional and structural
connectivity using resting state functional MRI in all
368 participants. Exploratory trial outcomes include the
2-year change in cognitive measures using the Repeatable
Battery for the Assessment of Neuropsychological

Status (RBANS), plasma biomarkers of inflammation
(eicosanoids and oxylipins), and amyloidosis (plasma
AP 42/40, ptau 181) in 368 participants. In a small subset
of participants consenting (n=30), a stool sample is
obtained at baseline, 6 months, and 24 months to study
the microbiome in an exploratory analysis.

Study Procedures and Assessments

Potential participants complete a pre-screening
questionnaire to determine their eligibility in the
study. The pre-screening includes questions about
demographics, diet, exercise, medical history, and omega-
3 consumption. If trial inclusion criteria are met, DNA is
obtained through saliva collection for APOE genotyping
and initial eligibility is reviewed.

Participants who meet pre-screening eligibility
complete additional questionnaires including
neuropsychology questionnaires, targeted history and
physical exam, and dietary and exercise questionnaires.
The MMSE test is conducted to assess cognitive health.
After all criteria are reviewed and the participant is
deemed eligible, they are invited to participate in the
randomized study. During this screening, informed
consent is obtained along with blood work for
biomarkers. Participants are also notified of the dietary
restrictions to consume less than one portion of fatty fish
per week.

In the 184 participants in the LP arm, a lumbar
puncture is completed at baseline and 6 months to obtain
cerebrospinal fluid to analyze fatty acid levels of DHA. In
all participants, blood is obtained at baseline, 6 months,
and 24 months. At the baseline visit and 24 months, MRI
is completed in all participants to assess brain volume
and connectivity. Cognitive testing is obtained in all
participants at baseline and repeated at the 6-, 12-, 18-,
and 24-month visits.

Sample size

The original sample size estimation for the DHA
trial was based on the primary outcome of 6-month
change in CSF DHA/AA in the LP arm. Sample size
was estimated to test an interaction hypothesis between
DHA intervention and APOE4 genotype (i.e., that the
DHA intervention effect on CSF DHA levels will differ
by APOE4 genotype) at 80% power. The interaction
effect size (standard deviation of interaction mean
effects, divided by pooled between subject SD) of 0.25
relates to a 50% difference in the DHA effect in APOE4
positive compared to APOE4 negative individuals. The
required sample size of 32 subjects per DHA /APOE4
cell (128 total) was increased to a sample size of 160 to
accommodate an anticipated 20% dropout. Since initial
measures of the dropout rate increased to 30% during
trial conduct due to the COVID pandemic, the original
sample size of 160 would provide reduced power of



Table 3. Demographic and Key Baseline Characteristics

BASELINE FINDINGS OF PREVENTE4

Characteristics

Age, years

Sex

Ethnicity

Race*

CVD dementia risk factors

Education
APOE &4
BMI
Hypertension

Hyperlipidemia

Exercise fewer than 3 days per week (<30 mins per session)

LP Arm No-LP Arm

Total Enrolled N =181 N =184
Mean (SD) 66.2 (5.7) 65.6 (5.9)
Median (Min, Max) 66 (55,81) 65 (55, 80)

N (%) N (%)
Male 77 (42.5) 78 (42.4)
Female 104 (57.5) 106 (57.6)
Hispanic or Latino 65 (35.9) 77 (41.9)
Not Hispanic or Latino 116 (64.1) 107 (58.1)
Unknown or not reported - -
Native American 2 (1.1) 2(1.1)
Asian or Pacific Islander 13 (7.2) 19 (10.3)
Black or African American 16 (8.8) 13 (7.1)
White 149 (82.3) 151 (82.1)
Other 4(2.2) 3(1.6)
Unknown or not reported 1(0.6) -
N (%) N (%)
<12 years 20 (11.0) 28 (15.2)
12+ years 161 (89.0) 156 (84.8)
€4 carrier 89 (49.2) 92 (50.0)
€4 non-carrier 92 (50.8) 92 (50.0)
> 30 67 (37.0) 74 (40.2)
<30 114 (63.0) 110 (59.8)
Yes 94 (51.9) 94 (51.1)
No 87 (48.1) 90 (48.9)
Yes 117 (64.6) 131 (71.2)
No 64 (35.4) 53 (28.8)
Yes 114 (63.0) 138 (75.0)
No 67 (37.0) 46 (25.0)

*LP Arm: 3 participants reported multiple races: white/black, white/other, white/Asian, black/Native American; No-LP Arm: 5 participants reported multiple races:

white /black, white/other, white/ Asian, white

74.6% to detect this interaction effect size. To obtain 80%
power considering the 30% dropout, the sample size was
increased to 184 (46 per cell) for the LP arm of the trial.

The secondary and exploratory trial outcomes will be
assessed in the combined sample (LP and no-LP arms).
The original sample size estimate of 320 participants
(160 in LP arm and 160 in no-LP arm, with 80 APOE4
participants in each arm) was based on a detectable effect
size of 0.5 SD for the main effect of DHA compared to
placebo on cognitive change among APOE4 participants,
with a 20% dropout. To achieve 80% power considering a
30% dropout, we obtained NIH, DSMB and IRB approval
to increase the sample to 368 (184 for the LP arm and 184
for the no-LP arm).

Randomization

Following informed consent and determination of
eligibility into the LP or no-LP arm, participants are
randomized in a 1:1 allocation to two grams of DHA or
placebo per day in identically appearing capsules and
treated over two years. Within each LP and no-LP arm,
randomization is stratified by APOE4 carrier status (E4,
no E4) and recruitment site (2 levels), with a blocking
factor that is not revealed to investigators. Participant
selection to LP and no-LP arms is not randomized
and is based on consenting to the LP procedure. The
randomization sequence was developed and is monitored
by trial statisticians. After verification of trial eligibility
and randomization strata, randomization is completed
by an unblinded trial statistician. All researchers and
participants are blind to the specific intervention.
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Randomization

n=368
participants

« Blood Draw

« Cognitive Test

« Lumbar
Puncture

+ MRl Imaging

« Blood Draw

- Cognitive Test

« Lumbar Puncture

» Screening visit
« APOE Genotype
Testing

Baseline

Time (months)

E4 carriers =92

Non-E4 carriers = 92

DHA

" E4 carriers.
Non-E4 carriers = 92

+ MRl Imaging
+ Blood Draw

- Cognitive Test
4

Cognitive
Test

Cognitive
Test

24lh
month

18"
month

{2
month

The study timeline and visits are illustrated.

Target
N =368
LP arm: N =184 NoLP arm: N=184
- 92 €4 carriers - 92 €4 carriers
- 92 €4 non-carriers - 92 €4 non-carriers
Pre-Screened” —|
N = 3196

Enrolled Enrolled
N = 654** N = 245"
Randomized Randomized
N=181 N =184
- 89 €4 carriers -92 &4 carriers
- 92 g4 non-carriers - 92 €4 non-carriers

The study target with the number of participants prescreened, enrolled, and
randomized is shown.

Statistical analysis plan

Baseline demographics and clinical, laboratory, and
questionnaire data will be characterized and compared
between randomized groups using frequency tabulations
for binary / categorical variables and means (SD)/medians
(inter-quartile range) for continuous variables. Baseline
characteristics of participants in the LP vs no-LP arms
and in those who complete and do not complete the
study will also be compared. Initial analyses on trial
outcomes will follow the intent-to-treat (ITT) principle
by which participants are analyzed according to their
randomized group, using complete data (participants
who complete trial follow-up outcome measures). The

primary outcome of CSF DHA/AA will be evaluated in
the LP arm using a general linear model that includes
main effects of randomized treatment, the APOE4
carrier and clinical site stratification factors, and the
interaction between APOE4 stratum and treatment group.
Sensitivity analyses will (1) use multiple imputation
procedures on the primary outcome that will involve
analyses of all randomized subjects, (2) limit analysis
to “compliant” subjects (defined as at least 80% capsule
count over the trial period). Secondary and exploratory
outcomes, including changes in blood and CSF lipid
and inflammation biomarkers, cognition, structural and
functional connectivity by MRI and will be analyzed
in the entire sample using the same general linear
model; additional covariates will include an indicator
variable for LP vs. no-LP arm and baseline variables that
differ between the two LP arms. Analysis of secondary
outcomes will not adjust for multiple comparisons (except
for voxel-wise analyses). If there is a significant group
difference found (p<0.05) in the primary or secondary
outcomes (carriers vs. non-carriers), we will conduct
analyses to identify potential mediation of the treatment
effect.

Study approval

The study was approved by University of Southern
California IRB# HS-18-00291 and HS-18-00984. All
participants signed an informed consent.

Baseline Findings:

The onset of the COVID-19 pandemic briefly
interrupted participant recruitment and study operations
as new protocols and safety measures were put in place.
Prior to the pandemic, recruitment of participants
included hosting community events which were no



Figure 3. PreventE4 study outcomes
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Exploratory Outcomes
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MRI Imaging
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Metabolome

The figure illustrates the primary, secondary and exploratory outcomes.

longer continued due to safety measures. However,
recruitment continued through other means such as
mailing letters using the I12B2 database. The majority
of pre-screenings and screening visits were conducted
over the phone and via zoom video call to limit the
number of in-person meetings. Visits that were required
to be in-person were conducted with safety protocols and
measures, such as wearing a mask and always remaining
6 feet apart.

From 2019-2022, 365 individuals were randomized into
DHA vs placebo, stratified by LP/no-LP arm, APOE4
status, and clinical site and enriched with CVD risk
factors (Figure 1, Table 3). Forty-two % of randomized
participants were males, 39% identified as Latino
reflecting success in reaching this URG. The cohort was
enriched in dementia risk factors. Thirteen% of the cohort
had <12 years of education; 39% had a BMI >30 kg/

m?, 52% had hypertension, 69% hyperlipidemia, and
69% exercised < 3 days/week. By design, 50% of the
randomized individuals were APOE &4 carriers. Baseline
mean MMSE score was 29 (SD 1.6, range 23-30), logical
memory II delayed recall score was 11 (SD 3.1, range
3-18), with mean education years at 14 (SD 4, range 1-24).

Discussion

This study investigates the effects of high dose DHA
supplementation (2 grams per day) on DHA brain
delivery following 6 months of supplementation in
cognitively healthy participants with limited omega-3
consumption and CVD risk factors. It also measures the
subsequent effects of DHA supplementation on brain
structure and function and cognition over a period of
24 months. The study investigates interaction effects of
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DHA brain delivery and brain structure and function by
APOE4 carrier status. We hypothesize that high-dose
DHA supplementation will increase DHA and EPA and
their ratio to AA in CSF. We also hypothesize that a lower
increase in DHA and EPA levels and their ratio to AA
will be observed in APOE4 carriers compared to non-
carriers: signifying either lower brain DHA transport
across the blood-brain barrier (BBB) or greater brain
DHA consumption with APOE4. We expect that a lower
increase in CSF DHA/AA will correlate with greater
measures of inflammation (such as plasma and CSF
eicosanoids and other oxylipins), loss of BBB function
(indicated by elevated CSF/plasma albumin or platelet-
derived growth factor p (PDGF-B)) or amyloidosis
(CSF Ap42, or plasma AP 42/40). This in turn can
have implications for understanding the effect of DHA
supplementation on brain structure and function to guide
future prevention strategies using w-3 supplements.

In PreventE4, changes in cognition outcomes are
exploratory, and include performance on the RBANS
immediate and delayed memory measurements. In non-
demented APOE4 carriers over the age of 55, we expect
that memory function will have the greatest likelihood
of decline over two years, and this likelihood increases
with aging and other dementia risk factors (52). A meta-
analysis of studies involving DHA supplementation
and its relation to AD and dementia used omega-3
indexes for analysis as opposed to supplementation.
Their analysis revealed that increased omega-3 indexes
lead to increased executive function among individuals
(53). We hypothesize that DHA will improve memory,
executive functions, or both within the context of a 2-year
supplementation trial. Several trials investigating whether
omega-3 supplementation in cognitively healthy younger
adults affects cognitive outcomes had inconclusive
findings likely resulting from a relatively short follow up
duration (28, 54). A short duration is a potential limitation
given the long half-life of DHA in the brain. A study using
[11C]-DHA PET scanning revealed that the estimated
turnover of DHA is approximately 2.5 years, pointing
to a longer duration requirement to remodel neuronal
membranes with supplemented DHA (10). Additionally,
a longitudinal study found that long term users of w-3s,
over 10 years, had lower amyloid burden and higher
memory scores amongst APOE4 carriers, compared to
medium duration (1-9 years) and never (<1 year) users.
These data further strengthen the need to increase the
duration of DHA supplementation, but longer clinical
trials are complicated to design and implement
(55). Another limitation for this trial is the timing of
supplementation. Although participants in this trial are
cognitively healthy, at a mean age of 66, APOE4 carriers
would have a greater degree of brain amyloidosis, some
loss of BBB integrity and markers of brain inflammation
more so than non-carriers that can potentially limit
benefit from DHA supplementation. We selected this
age group to observe a potential decline in cognitive
performance over 2 years but whether this is too late for

a prevention trial using DHA is not known. The findings
generated from this trial are important, nevertheless, and
may guide future interventions to younger individuals
with longer supplementation duration and more sensitive
brain function biomarkers.

The primary, secondary and exploratory results of this
study will expand knowledge on how APOE4 affects
brain omega-3 metabolism with insights towards AD
prevention. Specifically, the trial will provide insights
into mechanisms of brain DHA delivery before the onset
of dementia, and how DHA supplementation affects
brain functions in predementia stages. We hope that
upon completion of the trial, changes in inflammation
biomarkers, brain imaging and cognitive outcomes in
relation to changes in DHA and EPA will help select a
population that could benefit from such intervention and
guide future steps. Further research using high dose DHA
supplementation in a more personalized and larger phase
III DHA supplementation trial has the potential of being a
feasible prevention approach for individuals at increased
risk of dementia.
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