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ABSTRACT
Introduction: Exercise interventions are a promising
treatment for improving cognition in persons with
Alzheimer’s disease. This is similar to Alzheimer’s
disease pharmacotherapies in which only 18–48% of
treated patients demonstrate improvement in cognition.
Aerobic exercise interventions positively affect brain
structure and function through biologically sound
pathways. However, an under-studied mechanism of
aerobic exercise’s effects is n-3 fatty acids in plasma.
The objective of this pilot study is to inform a future
large-scale study to develop n-3 fatty acids-based
prediction of cognitive responses to aerobic exercise
treatment in Alzheimer’s disease.
Methods and analysis: This study will recruit and
follow a cohort of 25 subjects enrolled in the FIT-AD
Trial, an ongoing randomised controlled trial that
investigates the effects of a 6-month moderate-
intensity cycling intervention on cognition and
hippocampal volume in older adults with mild to
moderate Alzheimer’s disease over a year. This study
will collect blood from subjects at baseline and at 3
and 6 months to assay vascular biomarkers (ie, plasma
fatty acids). Global cognition as measured by the
Alzheimer’s Disease Assessment Scale-Cognition
(ADAS-Cog) at baseline, 3, 6, 9 and 12 months will be
used as the main outcome. A multiple linear-regression
model will be used with 12-month change in cognition
as the outcome and baseline measure of n-3 fatty acids
or changes in the ratio of n-3 to n-6 fatty-acid levels in
plasma at 3 and/or 6 months, randomised treatment
group, and their interaction as predictors.
Ethics and dissemination: We have obtained
Institutional Review Board approval for our study. We
obtain consent or assent/surrogate consent from all
subjects depending on their consenting capacity
assessment. Data of this study are/will be stored in the
Research Electronic Data Capture (REDCap). We plan
to present and publish our study findings through
presentations and manuscripts.
Trial registration number: NCT01954550.

BACKGROUND
Alzheimer’s disease (AD) presents a public
health priority worldwide.1 2 In the USA

alone, there were an estimated 5.3 million
people with AD, with an estimated yearly cost
of $226 billion,3 which is projected to
increase to $511 billion in 2040 if effective
therapies are not developed to prevent, slow
or stop this devastating disease.3 An effective
treatment will need to alter AD pathological
changes (ie, β amyloid plaques and neurofib-
rillary tangles) in the brain. However, two
decades of drug clinical trials targeting those
pathologies have failed at 99.6% rate,4 sug-
gesting the pressing need to investigate other
mechanisms such as vascular biomarkers of
AD. Plasma n-3 fatty acids are one such
potential mechanism. Lower levels of n-3
fatty acids in red blood cells, especially doco-
sahexaenoic acid (DHA), were associated
with cognitive impairment even in persons
free of clinical dementia.5 Levels of plasma
n-3 fatty acids were lower in AD6 and were
associated with lower Mini Mental Status
Exam (MMSE) scores in individuals with
AD.7 On the molecular level, exercise and
fatty acids share some similar effects on cog-
nition. Both act on dopaminergic pathways,8 9

and influence the expression of brain-
derived neurotrophic factor, which promote
synaptic plasticity, cell proliferation, and cell
survival in humans and rodents.10 11 Because
of the shared neurobiological and physio-
logical effects, several human and animal
studies have speculated about the benefits of
higher, endogenous levels of n-3 fatty acids
in plasma in contribution to the pro-

Strengths and limitations of this study

▪ Our pilot study is embedded within a well
designed FIT-AD Trial.

▪ Specific aims are supported by strong scientific
premises.

▪ Results may be limited to aerobic exercise.
▪ Results may be limited to older adults with mild

to moderate Alzheimer’s disease only.
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cognitive effects of exercise.12 13 Recently, Chytrova
et al14 showed that exercise increased expression of syn-
aptic plasticity and membrane structure proteins in
adult male Sprague-Dawley rats supplemented with n-3
fatty acids more than in rats without the supplementa-
tion. Although the findings from Chytrova et al was
based on n-3 fatty acid supplementation, it suggests that,
in individuals with AD, higher endogenous levels of n-3
fatty acids levels may be associated with better cognitive
response to exercise treatment.
Furthermore, interventions such as aerobic exercise

that influence n-3 fatty acid levels in plasma might be
effective for improving cognition, delaying functional
decline, and reducing the prevalence and impact of
behavioural and psychological symptoms of dementia.15–17

Aerobic exercise has been postulated to affect cogni-
tion through several direct mechanisms that have been
widely tested, including improving cerebral blood flow,18

stimulating neurogenesis,19 increasing brain volume,20

and boosting functional connectivity and plasticity.21

An untapped mechanism is exercise’s indirect effects on
vascular biomarkers of AD such as n-3 fatty acids.
Exercise increases the relative levels of n-3 fatty acids (ie,
the ratio of n-3 to n-6 fatty acids) in plasma. Andersson
et al showed that the ratio of n-3 to n-6 fatty acids was sig-
nificantly higher in leg muscles of exercise trained
healthy men than untrained ones, which was presumably
due to preferential oxidation of n-6 fatty acids over n-3
fatty acids and increase in activities of lipid-metabolising
enzymes.22 23 These exercise-induced increases in the
ratio of n-3 to n-6 fatty acids in skeletal muscle have also
been observed in plasma.24 Plasma n-3 fatty acids have
anti-oxidative and anti-inflammatory properties that con-
tribute to their cerebrovascular protective effects on cog-
nition in AD.25 26 Taken together, an exercise-induced
increase in the ratio of n-3 to n-6 fatty-acid levels in
plasma may serve as an early biomarker (surrogate end-
point) for long-term cognitive responses to exercise
interventions.

Study aims
The objective of this pilot cohort study is to inform a
future large-scale study to develop n-3 fatty acids based
prediction of cognitive responses to exercise in AD. The
specific aims and hypotheses of the study are:

Aim 1: Identify vascular biomarkers at baseline that predict
cognitive responses to exercise in AD
Hypothesis 1: Higher levels of plasma n-3 fatty acids at
baseline are associated with favourable changes in cogni-
tion at 12 months.

Aim 2: Evaluate changes in vascular biomarkers as surrogate
endpoints for early measure of cognitive responses to
exercise in AD
Hypothesis 2: Larger increases in the ratio of n-3 to n-6
fatty-acid levels in plasma at 3 and/or 6 months are asso-
ciated with favourable changes in cognition at 12 months.

METHODS
Design
We will use a cohort design to recruit 25 subjects
enrolled in the FIT-AD Trial from both the cycling inter-
vention and sham exercise groups. The FIT-AD Trial is a
pilot randomised controlled trial that investigates the
effects of a 6-month, individualised, moderate-intensity
cycling intervention on cognition and hippocampal
volume in community-dwelling older adults with mild to
moderate AD (defined by MMSE score of 15–16).27 The
trial, currently ongoing at the University of Minnesota
(UMN), randomises 90 subjects to the 6-month
moderate-intensity cycling intervention or sham exercise
using a 2:1 allocation ratio and follows them for an add-
itional 6 months after the exercise intervention from 1
August 2013 to 30 April 2019 and each recruitment year
ends on 30 April. The FIT-AD trial began recruitment in
March 2014 and enrolled its first subject on 3 June 2014.
The FIT-AD trial met its enrolment goals of 24 and 22
subjects for years 1 and 2, respectively, and began its
year 3 enrolments on 1 May 2016 and had enrolled 2 of
the 22 subjects by 30 May 2016. The details of the exer-
cise intervention have been published elsewhere.27

Stretching exercise is used in the FIT-AD Trial as sham
exercise with intensity not exceeding 20% of the heart
rate reserve or Rating of Perceived Exertion of 8, and
includes primarily seated movements and static
stretches.27 In the FIT-AD Trial, global cognition is mea-
sured by the AD Assessment Scale-Cognition
(ADAS-Cog) at baseline, 3, 6, 9 and 12 months and
shared with this study. In this study, we will collect fasting
blood samples from subjects at baseline and at 3 and
6 months and measure n-3 and n-6 plasma fatty-acid
levels. Study subjects’ apolipoprotein E (ApoE) genotype
will also be determined for two reasons: the ApoEε4
allele is a well established risk factor for AD,28 and ApoE
genotype has been shown to affect lipid metabolism.29

Settings
Blood collection will be performed at the UMN Clinical
and Translational Science Institute (CTSI) by experience
phlebotomists. A graduate research assistant will provide
subjects with free transportation for blood collection
using a rented university vehicle with liability coverage.
The samples will be stored in a −70°C freezer in the
Drug Analysis Laboratory (DAL) at the UMN Medical
Center and processed by the laboratory technician (RT)
in the first author’s laboratory. Plasma fatty acids analysis
will be performed in MT’s laboratory at the UMN
Department of Laboratory Medicine and Pathology
(LMP). DNA extraction and ApoE genotype analysis will
be performed in the Advanced Research and Diagnostic
Laboratory (ARDL) at the UMN Department of LMP.
All personnel involved in blood collection, processing,
and biomarker assessment are blinded to subjects’
FIT-AD Trial treatment group assignment and cognitive
outcomes.
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Study population
The study population is community-dwelling older
adults with mild to moderate AD. Subjects meeting the
FIT-AD Trial eligibility criteria27 will need to meet two
additional requirements to be enrolled in this study:
agree to donate a total of 30 mL of blood (10 mL at
each blood collection); and fast for at least more than
8 hours (without any food or drink intake other than
water and prescribed medicines) before blood collec-
tion. Venous blood collections by trained phlebotomists
are considered low risk for subjects.

Ethics, consent and permissions
Twenty-five subjects from the 66 subjects anticipated to
be enrolled in the FIT-AD Trial during years 2–4 will be
recruited into this study. The FIT-AD Trial project
manager (SG) will also serve as project manager for this
study. The project manager will recruit subjects to the
FIT-AD Trial and this cohort study, and will obtain
consent for the FIT-AD Trial and this study at the same
time. We will only enrol subjects who have been success-
fully enrolled in the FIT-AD Trial and consented to be in
this study. Specifically, the project manager will approach
all consecutive enrolled subjects in the FIT-AD Trial
before they are randomised, and ask their interest in par-
ticipating in this study. If there is interest, the project
manager will provide them with a consent form and
obtain informed consent or assent/surrogate consent
from all subjects depending on their consenting capacity
assessment. Surrogates will be identified in the descend-
ing order of power of attorney, spouse, adult children and
significant others. Subjects’ or their surrogates’ under-
standing of the study and capacity of decision-making
will be checked using the ‘Assessment of Subject’s
Understanding of the Study’ form with 10 questions spe-
cifically designed for this study. Individuals with ≥80%
correct answers after one trial can sign their own consent.
Those with <80% correct answers after one trial will need
a family member to sign the surrogate consent with the
participant to sign the assent form. The project manager
will obtain consent at baseline and re-assess consent prior
to each subsequent data collection,27 and submit any sub-
sequent changes or amendments to the protocol to the
Institutional Review Board (IRB) for approval. This study
is approved by the UMN’s IRB: # 1508M77566. The
recruitment of this study started in December 2015.

Sample size
The emphasis of this pilot study is to provide prelimin-
ary results to estimate effect sizes for power calculation
in a future large-scale study. Using a conservative reten-
tion rate of 85% (year 1 retention rate in the FIT-AD
Trial was 95% as of April 2015), an anticipated 30 enro-
lees will produce a target sample size of 25.

Retention
The FIT-AD Trial uses 15 retention strategies.27 Five add-
itional strategies will be used for subject retention in this

study: (1) conducting phone calls after blood collection
to address concerns and ensure future participation; (2)
sending birthday and thank-you cards to establish
rapport; (3) utilising flexible scheduling of blood collec-
tion; (4) providing transportation to blood collection;
and (5) compensating subjects.

Blood collection and processing
The project manager will schedule the blood collections
after but within the same week of the corresponding
cognitive assessments (at baseline and at 3 and
6 months). The day before the blood collection, the
project manager will remind subjects and their care-
givers of their appointments by phone, and ask subjects
to fast, and their caregivers to ensure that subjects fast.
Subjects will be allowed to have water and medications
but should refrain from food for at least 8 hours prior to
their appointment time (eg, starting at midnight).
Subjects are encouraged to drink water before blood col-
lection to ensure an uneventful blood collection.
Subjects with diabetes will be instructed to check blood
glucose levels frequently during fasting and stop fasting
immediately if blood glucose levels exceed 300 mg/dL
or drop lower than 70 mg/dL. In addition, the project
manager will schedule a blood collection appointment
for subjects with diabetes as early as possible in the
morning to prevent a longer fast. Snacks will be pro-
vided to all subjects (regardless of whether they have
diabetes or not) immediately after blood collection to
prevent hypoglycaemia.
On the day of blood collection, the graduate research

assistant will ask subjects and their caregivers about food
intake during the previous 8 hours. If a subject did not
fast, the graduate research assistant will notify the
project manager who will reschedule the blood draw. If
a subject has fasted, the graduate research assistant will
transport the subject to the UMN CTSI. A phlebotomist
will collect a total of 10 mL of blood into a 6 mL plasma
(EDTA) tube and a 4 mL serum tube. These tubes will
be labelled with the FIT-AD Trial patient identification
number. After collection, phlebotomists will gently mix
the tubes and store the tubes on ice. The graduate
research assistant will notify the laboratory technician
RT from DL’s laboratory to pick up the specimens at the
CTSI within an hour.
The plasma and serum tubes will be gently mixed and

centrifuged in 4°C using a temperature-controlled centri-
fuge (ie, Sorvall Heraeus Multifuge 3 S-R) with a Swing
out Rotor (ie, #75 006 445) at 3000 g for 10 min in the
DAL analysis laboratory. The tubes will be removed from
the centrifuge immediately after completion. From the
plasma tube, nine plasma aliquots (one of 500 µL, one
of 50 µL and seven of 250 µL) will be made; from the
serum tube, eight serum aliquots of 250 µL will be made;
red blood cells from the plasma tube will be transferred
into a 5 mL DNA phial. The aliquoted samples (ie,
plasma, serum and packed cells separated from the
plasma) will be stored in the −70°C freezer in the DAL.
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Each subject can determine the use of his or her
samples post study. If a subject indicates he or she would
prefer the specimens not be stored for future use, these
specimens will be discarded on completion of this study.
If a subject indicates the specimens can be used for
future studies, the specimens will continue to be stored
in the −70°C freezer in the DAL.

Biomarker assessment
Biomarker analyses will be performed when all subjects’
blood samples are collected. Samples will be analysed in
a single batch to avoid batch effects. Plasma fatty acids
will be analysed using a method based on a Hewlett
Packard 5890 gas chromatograph (Hewlett Packard,
Wilmington, Delaware, USA)30 that measures 28
phospholipid fatty acids, including 3 n-3 fatty acids
(α-linolenic acid (ALA), eicosapentaenoic acid (EPA)
and DHA) and 2 n-6 fatty acids (linoleic acid (LA) and
arachidonic acid (AA)). This method has the following
coefficient of variations (CV) obtained by 20 replicates
in consultant MT’s laboratory: ALA, 2.4%; EPA, 3.3%;
DHA, 2.7%; LA, 2.6%; and AA, 2.4%. DNA will be
extracted from white cell counts stored at −70°C using
Puregene reagents (Qiagen, Germantown, Maryland,
USA) and ApoE genotype will be determined using
Taqman SNP Genotyping assays for rs429358 and rs7412
(Life Technologies, Carlsbad, California, USA).

Data management
The principle investigator (PI) of the FIT-AD Trial (FY)
will manage all the data collected by FIT-AD Trial data
and conduct data audits to ensure accuracy and com-
pleteness of the FIT-AD Trial data. The PI of this study
DL will manage all the biomarker data for this study.
Quality control samples will be measured in replicates
during biomarker analyses to ensure accuracy and preci-
sion of the biomarker assessment. All the biomarker
data along with the data collected as part of the FIT-AD
trial will be stored in the Research Electronic Data
Capture (REDCap). REDCap is a secure web interface
with data checks during data entry and uploading to
ensure data quality, and housed on secure severs
operated by the UMN Academic Health Center’s
Information Systems.

Statistical analysis
Aim 1: Identify vascular biomarkers at baseline that predict
cognitive responses to exercise in AD
To qualitatively address Aim 1, the change in cognition
over 12 months (eg, mean, median, minimum and
maximum) will be calculated between the two rando-
mised treatment groups and between different categor-
ies of baseline measures of n-3 fatty acids (eg, different
quantiles of DHA). To estimate an effect size for the
interaction of baseline n-3 fatty acids and exercise-
treatment response, a multiple linear-regression model
will be used with 12-month change in cognition as the

outcome and baseline measure of n-3 fatty acids, rando-
mised treatment group, and their interaction as predic-
tors. Separate models will be fit for each measure of n-3
fatty acids (ie, ALA, EPA and DHA). Other demographic
and clinical characteristics, such as age, education,
gender, ApoE genotype, and exercise adherence will be
adjusted for in these models. Given the moderate
sample size, it is likely that only one or two other covari-
ates could be included in the model before the model
estimates become unstable.

Aim 2: Evaluate changes in vascular biomarkers as surrogate
endpoints for early measure of cognitive responses to
exercise in AD
To address Aim 2, correlations, both Pearson and
Spearman rank, will be computed between the 3-month
or 6-month changes in the ratio of n-3 to n-6 fatty-acid
levels and the change in cognition at 12 months mea-
sured by ADAS-Cog. Several definitions of the ratio of
n-3 to n-6 fatty acids will be considered, which include
(EPA+DHA)/AA and DHA/AA.31 32 In addition, how
best to quantify the change in this ratio will be explored
using the difference between baseline and 3 or
6 months, ratio between baseline and 3 or 6 months, etc.
If the change in the ratio is strongly skewed, log-
transforming those measures may be considered. For
biomarkers in which the change in biomarker level is
moderately to strongly correlated to the change in cog-
nition in the univariate analyses (Pearson r>0.4), the
association between the variable(s) and cognition will be
examined using a multiple linear-regression model. The
covariates for inclusion may be age, education, gender,
ApoE genotype, baseline values of the biomarker, and
randomised treatment group. It is expected that the
change in the ratio between baseline and 6 months will
more likely be associated with change in cognition at
12 months than will the change in the ratio between
baseline and 3 months.

Additional analytical considerations
Because this is a pilot study designed to estimate effect
sizes for a future large-scale study, no formal hypothesis
testing will be conducted. Because the results will only
be used for generating hypotheses, no adjustment will
be made for the comparison of multiple n-3 or n-6 fatty
acids. The primary end point for both aims will be the
change in cognition measured at 12 months, but the
change measured at other time points (eg, 6 and
9 months) will be considered as part of exploratory ana-
lyses as well.

Dissemination
Findings from the study will be disseminated through
publications and presentations. Authorship will follow
the established publication guidelines as the
International Committee of Medical Journal Editors. We
do not intend to use professional writers.
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DISCUSSION
A few factors affected how we designed this study. First,
n-3 fatty acid supplements, including fish oil, are com-
monly taken in patients with AD, which increase plasma
n-3 fatty acids. Because the FIT-AD Trial conducts
monthly monitoring of medication changes in subjects,
we will use that information to exclude from data analysis
those subjects who start, stop or change the frequency of
taking these supplements during the study. This should
not affect Aim 1, which evaluates baseline biomarkers.
This may affect Aim 2, which evaluates changes in bio-
markers. However, excluding subjects should not impact
the objective of this pilot study, which is to estimate effect
sizes for power calculation in the future large-scale study.
Second, it is well known that pre-analytical variables in

sample collection and processing may affect concentra-
tions of fatty acids in plasma.33 Therefore, when we
designed our protocols to collect and process blood
samples, we made sure our protocols are compatible
with stability of fatty acids in plasma, such as placing the
blood samples on ice immediately after the collection,
and centrifuging the specimens at 4°C, and storing the
samples long term in a freezer at −70°C.
Third, although cognitive data will be collected at

baseline, 3, 6, 9 and 12 months as part of the FIT-AD
Trial, and shared with this study, blood samples in this
study will be collected only at baseline, 3 and 6 months,
not at 9 and 12 months. This is because changes in vas-
cular biomarkers (ie, plasma n-3 fatty acids) during the
follow-up are not within the scope of this study. The
goals are to determine whether vascular biomarkers at
baseline or changes during the exercise predict
improved or stabilised ADAS-Cog at 12 months.
Finally, sham exercise will be used as a control to

ensure that the predictive biomarkers identified are
indeed associated with exercise treatment, rather than
representative of prognostic biomarkers, since prognos-
tic biomarkers may indicate good prognosis and slower
disease progression regardless of whether the patient
received exercise intervention or not. We will not try to
balance the subjects in terms of treatment group
(cycling intervention vs sham exercise groups).
There are three limitations to our study. First, we

chose global cognition measured by the ADAS-Cog as
the outcome in this study because the ADAS-Cog is the
FDA-approved cognitive measure for drug RCTs and will
allow us to compare our results with other published
studies. However, this global measure may not detect
cognitive changes in specific cognitive domains that
have differential responses to aerobic exercise interven-
tion. The FIT-AD Trial will collect cognitive measures of
specific domains, including attention, processing speed,
executive function, memory and language,27 which may
be used in hypothesis-generating analyses in this study.
Second, results from the FIT-AD Trial may be limited to
aerobic exercise, and may not reflect other forms of
exercise (eg, anaerobic) or interventions with different
intensity or duration. Finally, results from the study will

be limited to older adults with mild to moderate AD
only and are not generalisable to individuals with severe
AD or early-onset, familial AD.
This pilot cohort study will generate preliminary

results needed for power calculation in a future
large-scale study to develop a biomarker-based predic-
tion of cognitive responses to exercise in AD. This pilot
study will constitute a first step towards future studies to
provide important knowledge on the degree to which
plasma n-3 fatty acids are associated with cognitive
responses to exercise treatment among patients with AD.
If plasma n-3 fatty acids were found to predict cognitive
responses of aerobic exercise interventions in AD, n-3
supplementation may be recommended to enhance the
pro-cognitive effects of exercise, further slowing down
cognitive decline in patients with AD. Cognitive decline
and associated physical function impairment in AD is
the leading cause of nursing home placement.34 35

Interventions directed to slowing down cognitive and
other related functional impairment, and hence nursing
home placement, will not only improve quality of life of
patients with AD, but also save billions in formal care.36

Personalised treatment has revolutionised therapies for
cancer.37 There is good evidence to support the value of
personalised interventions to address behavioural and
psychological symptoms in people with dementia and to
improve their quality of life.38 39 Our pilot study will gen-
erate the knowledge to inform future studies, which will
be critical for developing effective, personalised exercise
treatments in AD, which will likely maximise resources,
reduce healthcare costs, and improve treatment efficacy
and quality of life for patients with AD.

STUDY STATUS
The status of the cohort study at the time of manuscript
submission is open for enrolment. We started enrolment
in January 2016, and expect enrolment accrual to com-
plete in November 2017.
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