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Abstract

Background: Alzheimer’s disease (AD) biomarkers have provided a unique opportunity to understand AD patho-
genesis and monitor treatment responses. However, exercise trials show mixed effects on imagining and cerebro-
spinal fluid biomarkers of AD. The feasibility and effects of exercise on plasma biomarkers remain unknown. The
primary objective of this study was to examine the feasibility of recruitment, retention, and blood sample collection

in community-dwelling older adults with mild-to-moderate AD dementia. Secondarily, it estimated the preliminary
effects of 6-month aerobic and stretching exercise on plasma amyloid-B,, and AR,q (AB.,,40) ratio, phosphorylated tau
(p-tau) 181, and total tau (t-tau).

Methods: This pilot study was implemented in year 2 of the 2-parallel group FIT-AD trial that randomized 96 partici-
pants on a 2:1 allocation ratio to moderate-intensity cycling or low-intensity stretching for 20-50 min, 3 times/week
for 6 months with 6-month follow-up. Investigators (except for the statistician) and data collectors were blinded to
group assignment. Fasting blood samples were collected from 26 participants at baseline and 3 and 6 months. Plasma
AB.>, AB,, p-tau181, and t-tau were measured using Simoa'" assays. Data were analyzed using intention-to-treat,
Cohen’s d, and linear mixed models.

Resultss: The sample averaged 77.646.99 years old and 15.44-3.00 years of education with 65% being male and
96.2% being apolipoprotein epsilon 4 gene carriers. The recruitment rate was 76.5%. The retention rate was 100% at
3 months and 96.2% at 6 months. The rate of blood collection was 88.5% at 3 months and 96.2% at 6 months. Means
(standard deviation) of within-group 6-month difference in the stretching and cycling group were 0.001 (0.012) and
—0.001 (0.010) for AB,,,40 ratio, 0.609 (1.417) pg/mL and 0.101(1.579) pg/mL for p-tau181, and —0.020 (0.279) pg/mL
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erations are provided for future Phase Il trials.

and —0.075 (0.215) pg/mL for t-tau. Effect sizes for within-group 6-month difference were observed for p-tau181 in
stretching (d=0.43 [—0.33, 1.19]) and t-tau in cycling (—0.35 [—0.87, 0.17]).

Conclusions: Blood collections with fasting were well received by participants and feasible with high recruitment
and retention rates. Plasma biomarkers of AD may be modifiable by exercise intervention. Important design consid-

Trials registration: ClinicalTrials.gov Identifier: NCT01954550 and posted on October 1, 2013
Keywords: Alzheimer’s disease, Exercise, Feasibility, Pilot, Biomarkers

Key messages regarding feasibility
+ What uncertainties existed regarding the feasibility?

Plasma biomarkers are increasingly validated to
closely correlate with AD pathologies measured in
the brain; however, exercise trials show mixed effects
on imagining and cerebrospinal fluid biomarkers of
AD. The feasibility and effects of exercise on plasma
biomarkers remain unknown.

+  What are the key feasibility findings?
Blood collections were well received by participants,
including the need to fast for 8 hours prior to collec-
tions. The recruitment rate was 76.5% with a passive
recruitment strategy. The retention rate was 100%
at 3 months and 96.2% at 6 months, losing only one
participant due to non-study-related death. The rate
of blood collection was 88.5% at 3 months and 96.2%
at 6 months. Plasma p-taul81 may be modifiable by
exercise.

+ What are the implications of the feasibility findings
for the design of the main study?
Blood biomarkers have the potential to significantly
broaden AD research because they could be easily
integrated into intervention studies that are often
limited by resources to use the more established but
invasive and expensive ways to measure biomarkers.
Our findings indicate that future RCTs could improve
recruitment success with active recruitment, even at
minimal staff effort. The blood collection rate can be
increased by using a wider data collection window
than the 1-week used in our study, providing options
for blood collections at home or a local laboratory,
and work with participants and families to overcome
perceived barriers. Plasma p-taul81 may be modifi-
able by exercise, which needs to be tested in future
RCTs.

Background

Alzheimer’s disease (AD) affects more than six million
Americans currently and is projected to affect 14 mil-
lion at a cost of $1.2 trillion in 2050 [1]. Despite its tre-
mendous impact, AD cannot yet be prevented or cured,

even with recent medications that reduced amyloid-beta
(AP) burden, a hallmark AD pathology, in the brain [2].
Physical inactivity contributes to 17% of dementia cases
[3]. Compared to no or low physical activity, high physi-
cal activity is linked to about 38% risk reduction for AD
[4] and moderates the association of AD pathology and
cognitive decline in cognitively normal older adults [5].
Meta-analyses of randomized controlled trials (RCTs)
found that aerobic exercise interventions produced mod-
est to moderate cognitive gains in older adults with mild
cognitive impairment or AD dementia [6]. Extensive
evidence from animal research strongly supports that
physical activity, particularly aerobic exercise, modi-
fies the AT(N) biomarkers of AD [7]. AT(N) refers to
AB, hyperphosphorylated Tau, and neurodegeneration.
Recent technological breakthrough has made it possible
to measure AT(N) in the blood [8, 9].

In AD, AB,, aggregates in the brain parenchyma,
resulting in a 50% reduction in its concentration in the
cerebrospinal fluid (CSF) [10] and 14-20% reduction in
the plasma [11-15]. Ay, ratio, the concentration of
Ap,, divided by the concentration of Af,, normalizes
inter-individual differences in AP production [8]. CSF
AP/49 ratio shows almost 100% concordance to positron
emission tomography (PET) amyloid load [16]. Later,
low plasma Ap,,,,, ratio was found to reflect PET amy-
loid load and CSF AP, ratio [11-15, 17, 18]. In addi-
tion to AP, plasma tau hyperphosphorylated at threonine
181 (p-taul8l) and 217 (p-tau217) can accurately detect
PET amyloid and tau pathology, predict future progres-
sion to AD dementia, and differentiate AD from non-AD
neurodegeneration [19-24]. Plasma p-taul8l correlates
well to CSF p-taul8l, PET amyloid load, and PET tau
load [25, 26]. Changes in plasma p-taul81 were reported
to become significant prior to PET amyloid abnormality
but after abnormal CSF and plasma AP,, changes [26],
suggesting that plasma p-taul81 detects Ap-induced tau
pathology yvears earlier than tau PET [27]. On the other
hand, t-tau reflects neuronal injury with CSF and plasma
t-tau performing similarly, especially in acute brain inju-
ries, and may reflect AB-induced tau secretion in AD [8].

AT(N) biomarkers provide an emerging opportunity to
study treatment responses in AD. In cognitively normal
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older adults, 52-week aerobic exercise did not affect
PET amyloid load [28]. In older adults with mild cognitive
impairment, a 6-month aerobic exercise reduced plasma
ApB,, by ~6% while stretching increased it by 24% [29]. In
Danish older adults with mild-to-moderate AD demen-
tia, a 16-week aerobic exercise did not change CSF Af,,
[30], CSF tau [31], and PET amyloid [32]. In the USA,
a 6-month aerobic exercise showed a trend of reduced
hippocampal atrophy and significantly decreased white
matter hyperintensity in comparison to stretching exer-
cise in older adults with mild-to-moderate AD dementia
[33]. However, no studies have examined the feasibil-
ity of blood biomarkers in older adults with Alzheimer’s
dementia or the effects of aerobic exercise on plasma AD
biomarkers in older adults with AD dementia.

This study was the blood ancillary study of the FIT-
AD trial and a randomized pilot study according to the
conceptual framework by Eldridge and colleagues [34]
because the FIT-AD trial was a phase II pilot trial to test
all non-blood aspects of the future Phase III RCT and
this study piloted the blood component. The primary
objective of this study was to examine the feasibility of
recruitment, retention, and blood collection in commu-
nity-dwelling older adults with mild-to-moderate Alzhei-
mer’s dementia. Secondarily, it estimated the preliminary
effects of a 6-month aerobic and stretching exercise on
plasma A4 ratio, p-taul8l, and t-tau. We predicted
that recruitment, retention, and blood collection rates
would be high (>80%) and preliminary effects on AD
plasma biomarkers would differ between aerobic and
stretching exercises.

Methods

Design

The FIT-AD trial examined the effects of aerobic exer-
cise on cognition and hippocampal volume. Ninety-six
community-dwelling older adults with mild-to-moderate
Alzheimer’s dementia were randomized on a 2:1 alloca-
tion ratio to moderate-intensity cycling or low-intensity
stretching for 20-50 min, 3 times a week for 6 months
within 3 age strata (age 66-75, 76—85, and 85+ years)
using random permuted blocks of 3 and 6 generated by
the statistician and followed them for an additional 6
months. The randomization schedule was concealed in
opaque envelopes from all investigators (except for the
statistician) and data collectors. The details of the FIT-
AD trial protocol and its main cognitive and imaging bio-
marker findings were published previously [33, 35, 36].
Procedures involving experiments on human subjects
were done in accordance with the ethical standards of the
Committee on Human Experimentation of the institution
in which the experiments were done or in accord with the
Helsinki Declaration of 1975.
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The FIT-AD blood study was launched in year 2 of
the FIT-AD Trial (June 2015) after 30 participants were
already enrolled in the FIT-AD trial, leaving us with a
large pool of potential participants to recruit from. Given
the target enrollment goal of 25, we took a very passive
recruitment approach. Once potential FIT-AD partici-
pants passed the FIT-AD Trial screening, the study staff
emailed the study recruitment material to them or their
caregivers and asked them to contact us if interested. In
total, we emailed 44 consecutive potential participants of
the FIT-AD trial and 10 did not respond. For those who
responded (n=34), we screened out 8 who were unlikely
to participate due to their over-committed schedules,
over-burdened caregivers, or long travel distance for
blood collections. We stopped recruitment once we
reached our enrollment goal in June 2017. As a result, 26
participants were consented during FIT-AD baseline data
collection and enrolled in the blood study (Fig. 1). Upon
completing FIT-AD baseline data collection, participants
were formally enrolled in the FIT-AD trial and rand-
omized to start their assigned exercise within 2 weeks.
Blood collection occurred within this 2-week window
and then at 3 months and 6 months by phlebotomists
who were blinded to the study aims and randomization.
The CONSORT checklist is provided as an additional file.
This study was approved by the University of Minnesota
Institutional Review Board (IRB: #1508M77566).

Sample and sample size

Inclusion criteria for the FIT-AD trial were community-
dwelling older adults 66+ years old with mild-to-moder-
ate AD dementia; AD dementia was diagnosed clinically
and verified by participants’ primary care providers and
by the investigators using 2011 diagnostic criteria [37];
verified exercise and magnetic resonance imaging (MRI)
safety; English-speaking; Mini-Mental State Examination
(MMSE) scores 15-26; Clinical Dementia Rating (CDR)
scores of 0.5-2; and stable on medications to treat AD >1
month if prescribed. Participants were excluded if their
resting heart rate was >100 or <50 beats per minute; had
neurological, psychiatric, or substance disorders in the
past 5 years that may explain cognitive impairment; and
abnormal signs, symptoms, and conditions uncovered
during screening.

The target sample size for this pilot study was 25 based
on the recommended sample size for pilot studies [38—
40]. To be eligible for this study, participants enrolled
in the FIT-AD trial had to agree to donate 20-mL blood
at each collection (60mL total) and fast for at least 8 h
(no food or drink other than water and prescribed
medications) before blood collection. The final sample
sizes for stretching and cycling groups were 8 and 18 at
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Assessed for eligibility (n=34)

Excluded (n=8)
Unlikely to participate (n= 6:
All dropped out of FIT-AD
Trial later)

Anxiety and decision not to
participate (n=1)

Unable to obtain surrogate
consent due to communication
issues with caregiver (n=1)

4

Baseline data collection (n=26)

}

Enrolled and randomized (n=26)

}

l

Allocated to cycling (n=18)

Allocation

)

Allocated to stretching (n=8)

Blood collection at baseline (n=18)
Did not receive allocated intervention
(give reasons) (n=0)

l Follow-Up at 3 l

Received allocated intervention (n=8)
Did not receive allocated intervention
(give reasons) (n=0)

Completed (n=17)

Completed (n=15) Wi Completed (n=8)
Did not complete (give reasons) (n=3) Did not complete (give reasons) (n=0)
Hospitalization, non-study related (n=2)
Multiple concurrent health issues, non-
study related (n=1)
i Follow-Up at 6 l
Months

Completed (n=8)

Did not complete (give reasons) (n=1)
Death, non-study related (n=1)

Analyzed (n=18)

l Analysis i

Did not complete (give reasons) (n=0)

Excluded from analysis (give reasons)
(n=0)

Fig. 1 CONSORT diagram for blood collections

Analyzed (n=8)
Excluded from analysis (give reasons)
(n=0)

baseline, 8 and 15 at 3 months, and 8 and 17 at 6 months,
respectively.

Setting

The study was carried out at the University of Minnesota.
Transportation was provided by the study staff to bring
participants to the Clinical and Translational Science
Institute for blood collection. Experienced phlebotomists
drew blood. After each blood draw, blood specimens
were stored immediately on wet ice and transported by
the study staff to author DL’s lab where a lab technician
processed and aliquoted the specimens according to an
established protocol. Plasma ethylenediaminetetraacetic
acid (EDTA) tubes were mixed and centrifuged in 4°C

using a temperature-controlled centrifuge with a Swing
out Rotor at 1439 g for 15 min. Immediately after com-
pletion, the tubes were removed from the centrifuge and
plasma samples were aliquoted and stored in a —80°C
freezer [41].

Intervention

The intervention was cycling on recumbent stationary
cycles for 20-50 min at 50-75% of heart rate reserve
(HRR) or 9-15 on the 6-20 Borg Ratings of Perceived
Exertion (RPE), three times a week for 6 months (72 ses-
sions). The dose of cycling was increased over time from
50-55% of HRR or RPE 9-11 for 20-30 min to 55-60%
of HRR or RPE 10-12. Dose increases were alternated
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between 5% of HRR (1-point on RPE) intensity increase
or 5-min session duration prolongation until the target
dose of 70-75% HRR (or RPE 12-14) and 50 min was
achieved.

The control exercise was seated movements and static
stretches at low intensity (<20% of HRR or <RPE 9) and
matched to the cycling group by session duration and
frequency and the total number of sessions. To match the
cycling session duration, the number of repetitions and
durations for each movement and stretch was gradually
increased.

Each session lasted 40-60 min, including a 5-min
warm-up and a 5-min cool-down. Participant to inter-
ventionist ratio never exceeded 3:1. During each session,
the interventionist monitored HR with a Polar HR moni-
tor, RPE, talk test (ability to talk a sentence without losing
breath), and over-exertion signs and symptoms.

Variables and their measures

Primary feasibility outcomes

The primary feasibility outcomes included the recruit-
ment rate, retention rate, and blood collection rate. The
recruitment rate was calculated as the percent of poten-
tial participants who were enrolled among those who
responded to our recruitment. The retention rate was
defined as the percentage of participants who remained
in the study among those who were enrolled at baseline.
The rate of blood collection referred to the percentage of
participants whose blood collection and pre-analytical
processing were performed according to the established
guidelines [42] among enrolled participants.

Secondary patient-centered outcomes

Plasma Ab,, ,, ratio, p-taul81, and t-tau were measured
using commercially available Simoa™ Human Neurology
3-plex A Kit (Quanterix) according to the manufacturer’s
instructions. Each sample was run in duplicate. The total
coefficient of variation percentage (CV %) for Ab,,, Ab,,
and t-tau, determined using triplicate measurement of
quality control (QC) samples across two plates, were 8%,
7%, and 10%, respectively. Plasma p-taul81 was meas-
ured using commercially available Simoa™ P-taul81(V2)
kits (Quanterix) according to the manufacturer’s instruc-
tions. Each sample was run in duplicate. Total CV% for
p-taul8l determined using triplicate measurement of 2
levels of QC samples across two plates were 7% and 13%,
respectively.

Potential covariates

Potential covariates included demographics (age, sex,
education, and marital status), which were assessed
using a questionnaire and baseline cognition as meas-
ured by the MMSE. APOE genotype was determined by
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extracting DNA from packed cells stored at —80°C using
Puregene® reagents (Qiagen, Germantown, MD) as e2/
€2, e2/e3, e3/e3, e3/ed, e2/ed, or ed/ed using Tagman®
SNP Genotyping assays for rs429358 and rs7412 (Life
Technologies, Carlsbad, CA).

Statistical analyses

Descriptive statistics with means/standard deviations
(SD) and frequencies/% were used to summarize the
demographic and clinical characteristics of the partici-
pants at baseline (N=26). Statistical assumptions were
checked prior to analysis. Independent samples ¢ test for
continuous measures (age and MMSE) and chi-square
test for categorical measures (gender, APOE genotype,
education, marital status, and race) were used to test dif-
ferences in baseline characteristics between the cycling
and stretching groups. Shapiro-Wilk and Shapiro-Francia
tests showed the violation of the normality assumption
for MMSE, but the ¢t test results held after transforma-
tion. The observed levels of within-group differences in
plasma Ab,,,, ratio, t-tau, and p-taul81 were summa-
rized with means and SD.

Primary feasibility outcomes were determined based
on their operational definitions in the Methods sec-
tion. For secondary patient-centered outcomes, a lin-
ear mixed model (multilevel model) was used with time
(level 1) nested within participants (level 2) to test the
interaction between time (baseline, 3, and 6 months)
and intervention group (stretching and cycling) for each
outcome. A linear mixed model is appropriate to handle
missing by using all available data without imputation
for missing data and longitudinal data in which the cor-
relations between observations within each participant
are expected. In all linear mixed models, random varia-
tion in the initial status was allowed (hence the random-
intercept model with the identity covariance structure),
and the independent residual error structure within level
1 (time) was assumed. The variance components of each
model assess the amount of outcome variability at levels
1 and 2 left after fitting the model. The level 2 variance
component summarizes the between-participant varia-
bility in initial status after controlling for time and group
as well as the covariates. A shape of trajectory was not
assumed for any outcome so that time was treated as cat-
egorical in all models to compare baseline with 3 and 6
months.

To compute the effect sizes for within-group differ-
ences, pooled SD was used [43]. Bootstrapped 95% con-
fidence intervals of the effect sizes were obtained after
1010 replications to ensure at least 1000 successful repli-
cations. Stata version 17.0 was used for all analyses which
followed the intention-to-treat principle.



Yu et al. Pilot and Feasibility Studies (2022) 8:243 Page 6 of 12
Table 1 Characteristics of the study sample
Overall Stretching Cycling
N Mean=SD (range) or % N Mean=+SD (range) or %* N Mean=SD (range) or %?

Age in years 26 77.61+6.99 (66-93) 8 79.3+—5.5 (72.0-86) 18 76.84+7.6 (66-93)
MMSE 26 21.643.32 (15-26) 8 223423 (19.0-26) 18 21.343.7 (15-26)
Education in years 26 15443.00 (9-23) 8 14.542.5 (13-20.0) 18 15.943.2 (9-23)
Gender 26 100.0% 8 100.0% 18 100.0%

Male 17 65.4% 6 75.0% M 61.1%

Female 9 35.6% 2 25.0% 7 38.9%
APOE genotype 26 100.0% 8 100.0% 18 100.0%

€2/€3 1 3.8% 0 0.0% 1 5.6%

€3/e4 11 42.3% 5 62.5% 6 33.3%

e2/e4 7 26.9% 1 12.5% 6 33.3%

e4/e4 7 26.9% 2 25.0% 5 27.8%
Marital Status 26 100.0% 8 100.0% 18 100.0%

Married 19 73.1% 7 87.5% 12 66.7%

Not married 7 26.9% 1 12.5% 6 33.3%
Race 26 100.0% 8 100.0% 18 100.0%

White 24 92.3% 7 87.5% 17 94.4%

Non-White 2 7.7% 1 12.5% 1 5.6%
Exercise adherence 26 84.8%=+15.4% 8 92.9%46.3% 18 81.3%+16.9%

Results
The participants were on average 77.6 vyears old
(SD=6.99), male (65.4%), married (73.1%), and non-His-
panic White (92.3%) with 15.4 (SD=3.00) years of edu-
cation and MMSE scores of 21.6 (SD=3.32). Most of the
sample (96.2%) carried at least one copy of APOE e4. Par-
ticipants attended 84.8% (SD=15.4%) of their assigned
sessions. There were no significant differences in any of
these variables at baseline between the stretching and
cycling groups (Table 1).

The recruitment rate was 76.5%. The retention rate was
100% at 3 months and 96.2% at 6 months (1 lost to fol-
low-up due to non-study-related death). The rate of the

blood collection was 88.5% at 3 months (2 missed due to
non-study-related hospitalization and 1 missed due to
non-study-related multiple concurrent health issues [e.g.,
bell’s palsy, back surgery, sepsis]) and 96.2% at 6 months
(1 missed due to non-study-related death).

Table 2 provides summary statistics (mean and SD)
of plasma AD biomarkers by the group at baseline, 3
months, and 6 months. Figures 2, 3, and 4 graph plasma
AP,y ratio, p-tau 181, and t-tau at baseline and over
time at 3 and 6 months by group, respectively. Table 3
describes within-group differences in plasma AD bio-
markers using baseline as reference (3 or 6 month -
baseline) and effect sizes. Means (standard deviation)

Table 2 Observed level of plasma AD biomarkers by group at baseline, 3, and 6 months

Baseline 3 months 6 months
N Mean (S.D.) N Mean (S.D.) N Mean (S.D.)
Stretching
Plasma Ab,, 4, ratio 0.053(0.013) 8 0.055(0.011) 0.054 (0.010)
t-tau 8 0.872(0.271) 8 0.865 (0.283) 0.851(0.287)
p-tau181 2.660 (1.338) 8 2.729(1.119) 3.269 (1.491)
Cycling
Plasma Aby, 4, ratio 18 0.055 (0.010) 15 0.054 (0.010) 17 0.054 (0.011)
t-tau 18 0.791(0.184) 15 0.789 (0.165) 17 0.716 (0.242)
p-tau181 15 2.505 (1.430) 15 2.561 (1.401) 16 2.606 (1.716)
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Fig. 2 Observed levels of plasma ratio at baseline, 3 months, and 6 months by groups. Note: The sample sizes for the stretching and the cycling
groups are 8and 18,8 and 15,and 8 and 17 at baseline, 3 months, and 6 months, respectively
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Fig. 3 Observed levels of p-tau181 at baseline, 3 months, and 6 months by groups. Note: The sample sizes for the stretching and the cycling groups
are 7and 15,8 and 15,and 8 and 16 at baseline, 3 months, and 6 months, respectively

6 months

of within-group 6-month difference in the stretch-
ing group and cycling group were 0.001 (0.012) and
—0.001(0.010) for plasma A,,,, ratio, 0.609 (1.417)
pg/mL and 0.101 (1.579) pg/mL for p-taul8l, and
—0.020 (0.279) pg/mL and —0.075 (0.215) pg/mL for
t-tau. The effect sizes are negligible (< 0.20) except
for moderate effect sizes for a 6-month difference in
p-taul8l in the stretching group (¢=0.43 [—0.33, 1.19])

and a 6-month difference in t-tau in the cycling group
(d=-0.35[—-0.87, 0.17]).

Table 4 summarizes the results of the linear mixed
model for each biomarker. No significant interactions
between intervention groups and time were observed
for any biomarker at the .05 level of significance with
or without controlling for baseline covariates. Among
the baseline covariates, age showed a significant and
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Fig. 4 Observed levels of t-tau at baseline, 3 months, and 6 months by groups
Table 3 Effect sizes for within-group differences in plasma AD biomarkers (reference: baseline)
Plasma Ab,, 4, ratio t-tau p-tau181
Difference (SD) Cohen’s d®<[95% Cl] Difference (SD?) Cohen’s d®<[95% CI] ~ Difference (SD*) Cohen'’s d°<[95% Cl]
Stretching
vs.3months  0.002 (0.012) 0.16 [—0.22; 0.54] —0.007 (0.277) —0.02 [—0.60; 0.55] 0.069 (1.234) 0.06 [—0.45; 0.56]
vs.6 months  0.001 (0.012) 0.11[—0.33;0.55] —0.020 (0.279) —0.07 [-0.65; 0.51] 0.609 (1.417) 043[-0.33;1.19]
Cycling
vs.3months  —0.001 (0.010) —0.07 [—0.32;0.19] —0.002 (0.175) —0.01 [—0.58; 0.55] 0.056 (1.416) 0.04 [—0.49; 0.57]
vs.6 months  —0.001 (0.010) —0.10[—0.38;0.18] —0.075 (0.215) —0.35[-0.87;0.17] 0.101 (1.579) 0.06 [—0.48; 0.60]

The sample sizes for the stretching and the cycling groups are 8 and 18, 8 and 15, and 8 and 17 at baseline, and 3 and 6 months, respective

2 Pooled standard deviation, ®Cohen’s d: small (.2), medium (.5), and large (.8); “bootstrap estimation (number of replications=1010)

positive association with p-taul81, being married asso-
ciated with higher plasma t-tau compared to non-mar-
ried, having e2/e4 APOE genotype associated with a
lower t-tau, compared to e3/e4 APOE genotype.

Discussion

The increasing availability and ease of use of blood bio-
markers have provided an unprecedented opportunity
for monitoring treatment responses to interventions in
AD. However, no studies had examined the feasibil-
ity of blood biomarkers in older adults with Alzheimer’s
dementia when our FIT-AD trial was launched. This
study piloted the blood component of the future Phase III
RCT. Our findings show that recruitment, retention, and
blood collections were highly feasible. There were poten-
tially moderate effect sizes for 6-month within-group dif-
ferences in p-taul8l in the stretching group and t-tau for
the cycling group.

Aerobic exercise has been shown to modify AD bio-
markers in AD-transgenic mouse models with a recent
meta-analysis showing that swimming, moderate inten-
sity, and duration of exercises exerting greater effects on
AP [7]. The lack of blood biomarker studies in human
exercise trials indicated the need for pilot studies, which
was addressed by our FIT-AD blood study. Our find-
ings showed that blood collections were well received
by participants despite the need to fast for 8 h prior to
blood draws. Our recruitment rate was 76.5%, which did
not reach the 80% benchmark but should not be inter-
preted as a failure because we recruited passively by
email. We knew some participants and family caregiv-
ers did not respond to emails. In addition, we made lit-
tle effort to recruit by screening out 8 responders based
on the staff’s judgment if they were likely to participate.
Future RCTs could improve recruitment success even
with minimal staff effort. For example, staff could share
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Table 4 Multilevel analysis of plasma AD biomarkers
Plasma Ab,, 4, ratio t-tau p-tau181
Coef. 95% Cl Coef. 95% Cl Coef. 95% Cl
Fixed effects
Time®
3 months 0.002 [-0.001; 0.005] -0.007 [-0.144;0.131] 0.086 [-0.545;0.718]
6 months 0.001 [-0.002; 0.004] -0.020 [-0.158;0.117] 0.627 [-0.005; 1.259]
Group®
Cycling 0.003 [-0.005; 0.012] 0.019 [-0.160; 0.199] 0.322 [-0.795; 1.439]
TimexGroup
3 monthsxCycling -0.003 [-0.006; 0.001] 0.032 [-0.137;0.201] 0.218 [-0.561; 0.996]
6 monthsxCycling -0.002 [-0.006; 0.001] -0.040 [-0.206; 0.127] -0.210 [-0.988; 0.567]
APOE genotype©
€2/€3 -0.007 [-0.028;0.013] 0.179 [-0.209; 0.567] 1.827 [-0.794; 4.448]
€2/e4 -0.007 [-0.018; 0.003] -0.234 [-0.425;-0.043] -0.811 [-2.079; 0.457]
ed/e4 -0.002 [-0.012;0.008] -0.046 [-0.239; 0.147] -0.228 [-1.516; 1.060]
Age 0.000 [-0.000; 0.001] 0.007 [-0.003;0.018] 0.069 [0.001;0.138]
Female® -0.006 [-0.014; 0.002] -0.041 [-0.191;0.110] -0.849 [-1.846; 0.149]
White® 0.002 [-0.011;0.015] 0.010 [-0.235; 0.255] -1.617 [-3.242; 0.008]
Education in years 0.001 [-0.000; 0.002] -0.019 [-0.043; 0.005] -0.062 [-0.220; 0.097]
Married’ -0.006 [-0.017;0.005] 0.262 [0.054;0.470] 1.356 [-0.024; 2.737]
MMSE 0.000 [-0.002; 0.001] -0.009 [-0.033;0.016] 0.062 [-0.099; 0.224]
Constant 0.060 [0.045; 0.075] 0.685 [0.391;0.978] 3.241 [1.336;5.147]
Variance components
Level 1: within-person 0.000 [0.000; 0.000] 0.018 [0.008; 0.040] 0.948 [0.501; 1.793]
Level 2: Initial status 0.000 [0.000; 0.000] 0.020 [0.013; 0.029] 0.377 [0.247;0.576]
Deviance 286.07 23.81 -90.38
AlC -538.14 -13.62 214.75
BIC -498.97 2555 252.73
N 749 749 69"

The reference groups are (a) baseline; (b) stretching group; (c) €3/€4; (d) male; () non-White; and (f) not married; bold if significant at the .05 level of significance; (g)
the sample sizes for the stretching and the cycling groups are 8 and 18, 8 and 15, and 8 and 17 at baseline, and 3 and 6 months, respectively; (h) the sample sizes for
the stretching and the cycling groups are 7 and 15, 8 and 15, and 8 and 16 at baseline, and 3 and 6 months, respectively

study information in person or over the phone or men-
tion the study on multiple occasions during recruitment
and screening. Blood collections could also be designed
as an essential component of a trial.

Our retention and blood collection rates were all above
80%, achieving a retention rate of 100% at 3 months and
96.2% at 6 months. The only participant we lost was due
to non-study-related death. The rate of blood collec-
tion was 88.5% at 3 months and 96.2% at 6 months. We
could have increased blood collection rates at 3 months
if we had been flexible with our data collection window.
Future RCTs could build the following strategies into
the trial design: a reasonably large data collection win-
dow like 3 weeks instead of the 1-week window we used,
home-based blood collections at least for special circum-
stances, blood collections at a local laboratory close to
a participant’s residence, and transportation assistance
if blood collections must occur in a central location.

Collaborating with participants and family caregivers to
co-create strategies is also important to minimize barri-
ers to blood collection.

A preliminary result from our study is the potential
effects of aerobic exercise on AD pathophysiology, by
a trend of a small increase in plasma p-taul8l in the
cycling group. Studies examining physical activity and
tau are very limited, with some showing an association
between moderate physical activity and reduced CSF
p-tau [37] while others reporting no association [38, 39].
A 16-week aerobic exercise RCT failed to change CSF
tau in older adults with mild-to-moderate Alzheimer’s
dementia [31]. Our study suggested that aerobic exercise
may have a moderate effect size on reducing or slowing
down the increase of plasma p-taul81 at 6 months.

Prior studies suggested that biomarker dynamics dif-
fer in AD, with both CSF and plasma Ap,,,,, ratio start-
ing to change before p-tau [26], p-tau levels continuing
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to increase as AD pathology accumulates [40], and the
increases in p-tau in magnitude being considerably larger
than the decrease of AP, ratio [12, 26]. Greater dis-
ease-related changes in plasma p-taul81 than in plasma
ABy/40 ratio are consistent with our findings on greater
within-group effect sizes in plasma p-tau 181 than
plasma APy, 4 ratio.

The trends observed in our study, if reproducible
in future large-scale trials, would suggest the disease-
modifying ability of aerobic exercise in older adults
with Alzheimer’s dementia. This would be ground-
breaking because the degree and location of p-tau
abnormality in the brain are associated with the onset
and severity of cognitive symptoms [44]. Moreover, if
exercise interventions could modify plasma p-tau at
the dementia phase of AD, as suggested in our study,
lifelong exercise habits would be more likely to be ben-
eficial for AD prevention in the preclinical and MCI
phases of AD.

There are several strengths in our study. We con-
ducted a high-quality biomarker collection after over-
night fasting and analysis using the established Simoa
assays and ran biomarkers in duplicates to ensure
accuracy. Our study is one of the few exercise inter-
ventions to use a longitudinal design and collect blood
samples at three timepoints. The FIT-AD trial was
rigorously designed and implemented. Stretching was
matched to the aerobic-exercise intervention to serve
as the attention control. Older adults with Alzhei-
mer’s dementia were randomized to the intervention
and control groups instead of using cognitively normal
older adults as the control because they differ substan-
tially from those with Alzheimer’s dementia in many
important lifestyle and clinical profiles. Our study is
limited by its small sample size, lack of power, inability
to account for physical activity outside the study, and
the inclusion of only a subset of the FIT-AD sample.
The confidence intervals on the changes in the plasma
biomarkers were wide and imprecise, which is attribut-
able to our small sample size and the lack of adjust-
ment for important covariates such as AD severity.
Although participants were consecutively recruited,
consented, and enrolled prior to the FIT-AD Trial ran-
domization, it is possible that the self-selection nature
may have affected the study findings. Our findings are
further limited by the inability of the plasma biomark-
ers to determine brain region-specific changes [8].

In summary, our findings indicate the feasibility of
recruiting older adults with mild-to-moderate Alzhei-
mer’s dementia with blood biomarkers as an outcome
measure. Blood biomarkers have the potential to sig-
nificantly broaden AD research in historically under-
represented communities in AD research. People in
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these communities may have difficulty getting to aca-
demic centers with imaging and/or be more hesitant
to consent to imaging or CSF procedures, although
lifestyle interventions may be particularly important
to these communities as a potential beneficial therapy.
Our study provides the design and implementation
strategies to ensure high recruitment, retention, and
blood collection rates and within-group effect size
estimates for future exercise RCTs.

Conclusion

Blood biomarkers are well received by participants and
feasible for exercise trials with high recruitment, reten-
tion, and blood collection rates. The effect size of the
within-group 6-month difference for p-taul8l is mod-
erate. Important trial design strategies and potential
effect sizes are provided to inform future trials.
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