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Abstract

Background Increasing physical activity is one of the most promising and challenging interventions to delay or
prevent cognitive decline and dementia.

Methods We conducted a randomized controlled trial to assess the effects of a physical activity intervention, aimed
at increasing step count, in elderly with low levels of physical activity on measures of strength, balance, aerobic capac-
ity, and cognition. Participants were assigned to 9 months of exercise counseling or active control.

Results The intention-to-treat analyses show that the intervention, compared to control, increases the level of physi-
cal activity, but has no significant effect on physical fitness and cognition. Those who increased their physical activity

with 35% or more show significant improvements in aerobic capacity, gait speed, verbal memory, executive function-
ing, and global cognition, compared to those who did not achieve a 35% increase.

Limitations The number of participants that achieved the intended improvement was lower than expected.

Conclusion Responder analyses suggest an improvement of physical fitness and cognition in those who achieved
an increase in physical activity of at least 35%.

Trial registration The trial protocol is registered at the Dutch Trial Register NL5675, August 1, 2016.
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Background

The Lancet commission on dementia prevention, inter-
vention, and care has indicated 12 modifiable risk fac-
tors for dementia and estimates that these factors
account for 40% of all dementias worldwide that could
potentially be prevented or delayed [1]. Physical activ-
ity is a promising intervention target to delay cognitive
decline and dementia [1-3]. Yet, there is also substan-
tial evidence of reverse causality [4, 5]. Subclinical neu-
ropathological changes that proceed the diagnosis of
dementia can gradually affect behavior, reducing physi-
cal activities as much as 9 years before the diagnosis of
dementia [5]. Meta-analyses aggregating the effect of
experimental trials report that physical activity inter-
ventions have modest positive effects on cognition [6—
10]. Heterogeneity among these studies have led others
to conclude the evidence is inconsistent or insufficient
[11-14].

Important unanswered questions concern the param-
eters, mediators, and moderators of successful physi-
cal activity interventions. The most consistent positive
results are observed in interventions of moderate inten-
sity [8, 11, 15, 16], with a duration of at least 6 months
[7, 11, 13, 17], aimed at people with low levels of physi-
cal activity [18, 19]. Intervention potential could be
enhanced by targeting “at risk” individuals, defined by
various health parameters including level of physical
activity, genetic susceptibility, cardiovascular risk pro-
file, and age.

Although physical activity is known to have an
inverse association with several chronic diseases asso-
ciated with cognitive impairment and dementia, such
as cardiovascular disease, hypertension, diabetes melli-
tus, and obesity [20—31], it is unclear whether the tem-
porary upregulation of the level of physical activity is
enough to elicit the desired cardiovascular and neuro-
cognitive changes. Observational data from epidemio-
logical studies indicate that physical activity may take
years to impact cardiovascular brain health [32, 33],
and systematic reviews of RCTs fail to show consistent
evidence of a relationship between physical fitness and
cognitive performance [16, 34].

The relatively short-term improvements in cogni-
tive functioning observed in intervention studies may
be driven by mechanisms other than the improve-
ment of physical fitness, like the promotion of cer-
ebral angiogenesis and synaptic plasticity elicited by
stimulation of neurotrophic factors such as brain-
derived neurotrophic factor (BDNF), insulin growth
factor 1 (IGF-I), and vascular endothelial growth fac-
tor (VEGF) [14, 16, 34-36].

Furthermore, observational studies investigating effect
moderation by APOE genotype have indicated that
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higher levels of physical activity might help attenuating
both cognitive deficits and risk for Alzheimer’s disease
more so in carriers than in non-carriers of the ApoE-e4
allele [32, 37-44].

Improving physical activity in those who fail to meet
the public health recommendations for older adults
of 150 min of moderate intensity aerobic activity per
week [13] independently, requires a tailored approach.
The present study is aimed at durable behavior modi-
fication using the COACH method. The COACH
method is an individually tailored exercise counseling
method based on the Motivational Interviewing Tech-
nique and goal-setting theory, both considered to be
effective instruments for behavioral modification [45,
46]. Application of this method has proven feasible
in various patient groups [47-53] and increased the
physical activity of older adults with an average of 33%
after 3 months and 41% after 12 months [50].

In the present study, we conducted a 9 month rand-
omized trial to assess whether an increase in physical activ-
ity of 35% or more, generated by the COACH method, can
lead to an improvement in physical fitness, and subsequent
improvements in cognitive functioning, and well-being of
healthy elderly with and without a genetic vulnerability
for dementia, based on their APOE genotype. We targeted
those with low levels of physical activity.

Methods

Design

The current study was a 9-month randomized controlled
trial (RCT) with one intervention group and one con-
trol group. Participants could participate in the baseline
measurement only (TO) or continue with participation in
the trial, including follow-up measurements at 6 months
(T1) and at 9 months (T2).

Recruitment

Recruitment took place between September 1, 2015, and
August 31, 2019. Participants were recruited among older
adults (55+) who previously participated in the Erasmus
Rucphen Family Study (ERF) [54] and among the general
population. Study information was spread via various
media, including www.hersenonderzoek.nl. Four out of
the 102 participants in the intervention study previously
participated in the ERF-study.

Participants

Eligibility criteria were as follows: aged >55 years, able to
perform the Timed Up and Go Test (TUG) within 20 sec-
onds or less [55], and a Mini-Mental Status Examination
(MMSE) [56] score>25. Exclusion criteria were as fol-
lows: wheelchair-bound, cardiovascular problems that limit
physical activity based on the Physical Activity Readiness
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Assessed for eligibility (n=974)

Excluded (n=773)
= Not meeting inclusion criteria (n= 128)

—
= Declined to participate (n=253)
- = No response/Lost to follow up (n=194)
s = Other reasons (n=12)
=] = Unknown (n=186)
S
=
=
Baseline assessment TO (n=201)
~—
Excluded (n=99)
= Not meeting inclusion criteria (n=27)
» = Declined participation intervention study
(n=61)
= Other reasons (n=11)
v
g —| Randomized (n=102)
k=]
<
: '
=
2 Allocated to COACH condition (n=69) | Allocated to STRETCH condition (n=33)
Intermediate assessment T1 (n=61) Intermediate assessment T1 (n=28)
= Received allocated intervention (n=61) = Received allocated intervention (n=28)
= Did not complete allocated intervention = Did not complete allocated intervention
(n=8) (n=5)
o Limited mobility (n=4) o Decreased motivation (n=4)
= hip surgery (n=1) o Lost to follow-up (n=1)
= pain(n=1)
a = lung disease (n=1)
] = after fall (n=1)
g o Decreased motivation (n=2)
% o Other reasons (n=2)
) ! .
— Post assessment T2 (n=54) Post assessment T2 (n=27)
= Lost to follow-up due to covid-19 (n=7) = Lost to follow-up due to covid-19 (n=1)
: : l
= Analysed (n=54) Analysed (n=27)
é = Excluded from analysis (n=0) = Excluded from analysis (n=0)

Fig. 1 Flow-chart of participant selection

Questionnaire (PARQ) [57], epilepsy, diagnosis of demen-
tia or mild cognitive impairment, progressive or terminal
disease, depression, history of alcoholism, severe visual or
auditory problems, or difficulty with the Dutch language.
Only those participants who reported low levels of physical
activity at baseline were recruited for participation in the
trial. Low levels of physical activity were defined as <7000
steps a day on average. This number was calculated accord-
ing to the Tudor-Locke translation of public health recom-
mendations in minutes a day to steps a day for older adults
[58]. Figure 1 displays a flow-chart of participant selection.

Randomization and masking
Participants were assigned to the intervention or control
condition by an independent researcher using a random

number generator per block with an allocation of 2:1 in
favor of the intervention. Although research assistants,
exercise counselors, nor participants were informed of
the existence of a control intervention, the trial could
not be blinded as the difference in content and aims of
the coaching and stretching sessions could not be con-
cealed for participants, exercise counselors, or research
assistants.

Procedure

Eligibility screening was followed by the baseline assess-
ment of all outcome measures including physical activ-
ity using a pedometer over two consecutive weeks (T0).
Assessments of all outcomes were repeated at T1 and T2.
Participant procedures are depicted in Fig. 2.
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a. Study procedures screening and baseline assessment for all participants

Week 1 2 3 4 5 6
Screening (S) S

Assessment (T) TO Intake
Blood collection (B) BO Intervention
Pedometer 2 weeks

b. Study procedures for participants in the intervention group.

Week 1 2 3 45 6 78 9 10

11 12 13 14

15 16 17 18 19 20 21 22 23 24

COACH meeting (C) | C1 Cc2 c3 ca
Assessment (T)
Blood collection (B)
Pedometer

C5 C6 c7
T1
B1
6 months daily

Week - 32 33 34 35 36
COACH meeting (C) | -- c8
Assessment (T) -- T2
Blood collection (B) | --
Pedometer --

1 month daily

Fig. 2 a Study procedures screening and baseline assessment for all participants. b Study procedures for participants in the intervention group.

¢ Study procedures for participants in the control group

Intervention

The intervention is an adapted version of the COACH
protocol (www.coachmethode.nl), a pedometer-based
exercise counseling strategy, aimed at enhancing low-
to-moderate daily physical activity [51]. Physical activ-
ity goals are quantified in steps per day and pedometers
are used as feedback instrument to monitor progress
[59-63]. The original version of the COACH program
spans a period of 3 to 4 months, including four to six
coaching sessions. In the present study, the protocol was
extended to seven coaching sessions, spanning 6 months
and a follow-up session 9 months after the start of the
intervention. In the coaching sessions of 45 minutes each,
the counselor encourages participants to enhance daily
physical activity such as walking, cycling, housekeeping,
and gardening. The follow-up session (C8) is aimed at the
evaluation and consolidation of the newly learned physi-
cal activity behavior. By stimulating low-to-moderate
daily physical activity, the program is feasible for elderly
people with varying levels of physical fitness. Adherence
is encouraged by allowing participants to freely choose
physical activity behaviors that match their preferences.
The focus on step count facilitates the process of goal set-
ting and goal monitoring.

The stimulation of daily physical activities by the
exercise counselors was applied in four phases: (1)
need to change; (2) benefits versus effort; (3) plan of
action including specific, measurable, attainable, real-
istic, and time-bound (SMART) goals; (4) implementa-
tion plan. Participants were required to monitor their

daily physical activity by means of a pedometer and
record the total number of steps per day in a paper or
online diary. For activities other than walking, partici-
pants were required to register duration, activity type,
and intensity. The duration of these activities was con-
verted into steps, according to the criteria of Tudor-
Locke and Basset [58, 64], by using the adult cadence
of 100 steps per minute. Based on previously described
metabolic equivalents of task, the total number of
steps assigned to vigorous activities was multiplied by
factor 1.5 [65]. We converted non-ambulatory activity
to steps as (1) locomotor activity constitutes the bulk
of physical activity for adults [66] and (2) the use of
step count facilitates the process of goal-setting and
monitoring for the participants and (3) increases com-
parability across participants. Participants in the inter-
vention group are instructed to use the pedometer
during the 6 months of the intervention and at least
1 month before the last measurement 9 months after
the start of the intervention. Adherence was deter-
mined by active participation in the coaching sessions
and daily registration of step count. Table 1 presents
a further specification of the content of the COACH
sessions. Figure 2b specifies the study procedures per
week for participants in the intervention and the con-
trol group.

Control condition
Participants in the control group received seven indi-
vidually guided muscle stretching sessions, of 45 minutes
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Table 1 Specification of the content of the COACH sessions

Week Phase Content COACH session

1 Motivation to increase physical activity - Introduction
- Psychoeducation, WHO physical activity recommendations
- Pedometer use
- Current and historic pattern of physical activity: step average, activities, highs and lows
- Expectations, personal preferences, struggles, resistance
- Motivation, current stage of change
- Mind map, decisional balance
- Limitations and possibilities
- Set long- and short-term SMART goals
- Monitor step count with pedometer

3 Motivation to increase physical activity - Evaluate experiences, physical activity pattern, and goals
Goal setting - Encountered and anticipated barriers and setbacks
- Examine conditions for change
- Benefit versus effort
- Set short-term SMART goals
- Monitor step count with pedometer
- Plan guarantees and alternatives

6 Goal setting - Evaluate physical activity pattern and goals
- Observe weekly fluctuations and external influences
- Encountered and anticipated barriers and setbacks
- Benefit versus effort
- Set short-term SMART goals
- Monitor step count with pedometer
- Plan guarantees and alternatives

9 Goal setting - Evaluate physical activity pattern and goals
- Observe external and seasonal influences
- Encountered and anticipated barriers and setbacks
- Evaluate coping strategies
- Benefit versus effort
- Set short-term SMART goals
- Monitor step count with pedometer
- Plan guarantees and alternatives
- Plan peak performance day

13 Shifting boundaries - Evaluate physical activity pattern and goals
- Evaluate peak performance day and personal physical activity norm
- Observe external and seasonal influences
- Encountered and anticipated barriers and setbacks
- Coping strategies
- Benefit versus effort
- Monitor step count with pedometer
- Set personal physical activity norm
- Plan guarantees and alternatives

18 Consolidation - Evaluate progress, adjust personal physical activity norm
- Evaluate current repertoire of physical activities
- Evaluate influence decreased coaching frequency
- Encountered and anticipated barriers and setbacks
- Coping strategies
- Benefit versus effort
- Monitor step count with pedometer
- Plan guarantees and alternatives

24 Consolidation - Evaluate coaching program, progress, and personal physical activity norm
- Lessons learned
- Evaluate influence decreased coaching frequency
- Encountered and anticipated barriers and setbacks
- Coping strategies
- Benefit versus effort
- Monitor step count with pedometer
- Plan guarantees and alternatives

36 Consolidation - Evaluate personal physical activity norm, COACH free period and coaching program
- Moving forward and lessons learned
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each, scheduled over 6 months. Participants were offered
a set of stretching exercises spanning the muscle groups
of all body parts. During the sessions, participants were
guided through the exercises of their choice and encour-
aged to perform these exercises outside of the session
as desired. Figure 2c specifies the study procedures per
week for participants in the control group. The follow-
up session (S8) is aimed at the evaluation and consolida-
tion of the newly learned stretching habit. Controls were
requested to use the pedometer during 1 month before
each follow-up measurement, as average daily step count
is known to increase significantly in the first week of
measurement when using unsealed pedometers and self-
registration, due to reactivity [67]. The coaching sessions
and the stretching and toning sessions were offered by a
coach trained by the CBO (Centrum voor Beweging en
Onderzoek Groningen).

Baseline characteristics

Participants were asked about their health status, medi-
cation use, lifestyle habits, and sociodemographic fac-
tors. Education level was defined as low, middle, and
high according to the Dutch classification of educational
attainment [68]. Buccal cells were collected using a buc-
cal swab and stored at — 20 °C. APOE genotyping of DNA
samples was performed by the Department of Clinical
Chemistry of the Amsterdam UMC. DNA was purified
manually from buccal swabs [SOP 011036] and ampli-
fied through PCR [SOP 011909]. Cycle sequencing of
amplified DNA samples [SOP 032929] (ABI prism Big
Dye Terminator, Applied Biosystems by Life Technolo-
gies, Austin Texas, USA) and sequencing analysis were
performed [SOP 011183] (Applied Biosystems 3130XL
Genetic Analyzer Applied Biosystems by Life Technolo-
gies, Foster City, CA, USA). Determination of allele sta-
tus occurred on basis of codons 112 and 158 of the APOE
gene on chromosome 19. APOE genotypes were catego-
rized into ApoE-e4 carriers and non-carriers.

Outcomes
Primary outcomes

Physical activity Level of physical activity was
expressed in average number of steps per day as assessed
by a hip-worn pedometer. Participants were provided
with one of the four following types of pedometers: the
Omron walking style II, IV, and One 2.0 (Omron Health-
care Co. Ltd., Dallian, China), and the Yamax Digiwalker
(SW-200, Yamasa Tokei Keiki Co. Ltd., Tokyo, Japan).
All models use 3-axis technology to register ambulatory
motion and have demonstrated good and comparable
validity in free-living conditions [69]. Pedometers have
a high construct validity [70] and are considered a valid
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and accessible option to assess physical activity. Pedome-
ter measurements have been shown to correlate strongly
(r=0.86) with different accelerometers and with time in
observed activity (r=0.82) and moderately with different
measures of energy expenditure (r=0.68) [71]. A self-
report questionnaire, the Physical Activity Scale for the
Elderly (PASE) [72] was used to assess self-reported level
of physical activity. The total PASE score is based upon
the self-report of the frequency and duration of various
physical activities performed in the past seven days, cat-
egorized according to their intensity. Higher scores indi-
cate higher levels of physical activity.

Cognitive function Cognitive function was assessed
by neuropsychological tests summarized in composite
scores for global cognition, executive functioning, learn-
ing, and verbal memory, based on theoretical considera-
tions [73]. Higher scores indicate better cognitive ability.
The global cognition score was created using the sum
of the standardized scores of the 15 Word Test delayed
recall (15-WT) [74], the Trail Making Test (TMT) B
[75], the Stroop Color Word Test Interference score [76],
the total scores on the Letter Fluency Test [77], and the
Digit Span backward test [78, 79]. An executive function-
ing score was created using the sum of the standardized
scores of the TMT AB-ratio, the Stroop Color Word Test
Interference score, the total score on the Letter Fluency
Test, and the Digit Span Test backward. Verbal episodic
memory was assessed with the delayed recall condition
of the 15-WT. A domain score learning was created for
short-term memory performance using the Location
Learning Test [80, 81] and the 15 Word Test. The ability
to encode and imprint visual information was reflected
in the total number of placement errors on the five trials
of the Location Learning Test. The ability to encode and
imprint verbal information was reflected in the number
of correctly recalled words after five trials of the 15 Word
Test. To create the learning index, both scores are stand-
ardized and the total number of placement errors on the
LLT is inverted, so that for both measures higher scores
indicate better imprinting ability.

Physical fitness The Short Physical Performance Bat-
tery (SPPB) [82] was used to assess balance, lower body
strength, and gait speed. The total balancing time in
seconds is used as an indication of balance. Handgrip
strength in kilograms was measured by the hydraulic
JAMAR dynamometer [83—-85]. A combined muscle
strength score was created using the sum of the stand-
ardized scores of the SPPB sit-to-stand chair test and
grip strength. The Six Minute Walk Test (6MWT) [86]
is used to assess aerobic capacity [87]. Higher scores
indicate better physical fitness. Six-meter walking speed



Galle et al. Alzheimer’s Research & Therapy (2023) 15:12

in seconds is used as an indication of gait speed. Lower
scores indicate better performance.

Secondary outcomes

Serum concentrations of the cardiovascular risk factor
profile Fasting blood samples are collected and centri-
fuged at 1800 g for 10 minutes, directly on site or after
transport on the same day. Serum is frozen at—80 °C
until assessment. In all serum samples, total cholesterol,
HDL-cholesterol, triglycerides, insulin, and IGF-I were
assessed by the Department of Clinical Chemistry of the
Amsterdam UMC.

Activities of daily living, frailty, and mental health The
Rand-36 mental health sub-scale [88] was used to assess
psychological well-being. Higher scores indicate a more
positive emotional state. Depressive symptoms were
assessed with the Centre for Epidemiological Studies
Depression Scale (CES-D) [89, 90]. Higher scores indicate
more depressive symptoms. Limitations in the activities of
daily living (ADL) were assessed using the Katz-15 scale
[91], part of the TOPICS-MDS (www.topics-mds.eu). In
this questionnaire, the need for assistance on 15 activities
of daily living is inventoried. Higher scores indicate more
ADL limitations.

A composite measure of frailty was calculated using the
number of deficits in activities of daily living, social func-
tioning, emotional well-being, and self-reported health
on the TOPICS-MDS Higher index scores indicate more
frailty.

Statistical analyses

Sample size calculations are based on the assessment
of the neuropsychological outcome measures using
“G-Power 3.1” Based on an expected effect size of f=0.20
(equals d=0.4), power=0.80, alpha=0.05, 2 groups, 3
measurements, and an estimation of the test-retest reli-
ability =0.6 [92-94], the required sample size for within-
between interaction in a repeated measures analysis is
(33.5) 34 subjects per group. We additionally calculated
the power for unequal sample sizes by using the follow-
ing equation n = (Z“’“’*Z“’”"z*;l;““)'”T"”" l. Using an alloca-
tion ratio of r=0.5, standard deviation of the outcome
measurement o = 1, the number of follow-up measure-
ments T=2, correlation between measurements p = 0.6,
and the number of participants in the smallest group
N =(33.5) 34 participants, the study is powered to detect
a v = 0.47 difference in mean value of the standardized
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outcome variable, corresponding to a medium effect size
(d=0.47).

The effect of the intervention relative to the con-
trol condition was analyzed using linear mixed-effects
models. Compound outcome measures were standard-
ized over time. Group (intervention versus control) was
included as a factor. A random intercept was included
in all models. Percentage of missingness of all outcome
variables varied between 0.37 and 2.21%. APOE genotype
information was missing for 5.89% of the participants.
Missing values were not imputed as mixed-effects mod-
els adequately deal with missing data and multiple impu-
tations provide no gain, regardless of the missing data
mechanism [95]. Analyses were performed per protocol
and according to the intention-to-treat (ITT) principle
[96]. For the ITT analyses, participants were included if
they had completed at least one measurement. Per-pro-
tocol analyses included only those participants who com-
pleted the intervention and all three measurements. For
each outcome variable, we estimated the overall effect of
the intervention after 9 months.

The linear mixed model analyses were repeated using
the increase in physical activity between TO and T2 as
grouping variable, i.e., > 35%, increase in average number
of steps per day versus no increase, or<35% in average
number of steps per day at T2, 9 months after the start
of the intervention. All analyses were adjusted for base-
line performance, age, and sex (model A) and addition-
ally for education level and APOE genotype (model B).
Interactions between APOE, sex, and group on primary
outcomes were investigated using interaction terms.
Stratified analyses should be regarded as exploratory.
Effect sizes (Cohen’s d) were calculated by dividing the
regression coefficient by the pooled standard deviation of
the outcome variable at baseline [97]. Significance level
for all analyses was 0.05. Data were analyzed using IBM
SPSS Statistics version 24 [98] and Stata version 16 [99].

Results

Numbers analyzed

Data collection was discontinued because of the COVID-
19 outbreak. At this time, all participants had finalized
the 6-month intervention. Eight participants (interven-
tion n="7, control n=1) could no longer participate in
the measurement 9 months after the start of the inter-
vention (T2). At T2, data on the primary outcomes were
available for 54/69 (78.26%) participants in the inter-
vention group and 27/33 (81.82%) controls. There were
no significant differences in baseline characteristics
between the randomized participants who discontinued
the intervention and those who completed the interven-
tion. On average, the randomized participants who dis-
continued the intervention were slightly older than those
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Table 2 Baseline characteristics of the participants of the intervention stratified by randomization
Characteristics Total sample Intervention group Control group P value
(n=102) (n=69) (n=33)

Age 70.69 (9.16) 69.45 (9.02) 73.30 (9.01) 05
Female 77 (7549%) 50 (72.46%) 27 (81.82%) 30
ApoE-g4 status 29 (28.43%) 23 (33.33%) 6 (18.18%) aa
Middle education 34 (33.33%) 23 (33.33%) 11(33.33%) 99
High education 65 (63.73%) 43 (62.32%) 22 (66.67%) 67
BMI 2744 (4.37) 27.30 (4.30) 27.72 (4.57) 65
Systolic blood pressure 142.62 (18.08) 141.63 (18.83) 144.68 (16.49) 43
Waist Hip ratio 0.90 (0.08) 0.90 (0.09) 0.89 (0.08) 48
Medication

Statins 17 (16.67%) 9 (13.04%) 8 (24.24%) a7

Anti-hypertensives 12 (11.76%) 8 (11.59%) 4(12.12%) 94

Antidiabetics 6 (5.88%) 3(4.35%) 3(9.09%) 34
Cognition

MMSE 29.35(0.99) 29.35(1.04) 29.36 (0.90) 94
Mobility

TUG 7.68 (2.96) 7.52 (2.44) 8.01(3.86) 43

Means and standard deviations, number and percentage reported. P values are based on univariate analyses of variance. ApoE-e4 Apolipoprotein E €4 carrier, BMI Body

mass index, MMSE Mini-Mental State Examination, TUG Timed Up and Go Test

who completed the intervention (M =73.75, SD=10.02;
M=69.90, SD=8.81; p=0.09). Figure 1 reviews the par-
ticipant inclusion, withdrawals, and missing data. Serum
concentrations were assessed at TO and T1 only. At TO,
serum was available for 64/69 (92.75%) participants in
the intervention group and 30/33 (90.90%) participants in
the control group. At T1, serum was available for 50/69
(72.46%) participants in the intervention group and for
26/33 (78.79%) controls.

Baseline characteristics

Baseline characteristics are provided in Table 2. The
mean age of the total sample was 70.69 years (SD=9.16),
and most participants were female (75.49%). The aver-
age age in the controls was 73.3 years (SD=9.01) which
is significantly higher than in the intervention group
69.45 years (SD=9.02), p=0.05.

Intention to treat analyses

Primary outcomes

The ITT analysis (Table 3) shows a significant improve-
ment in the average number of steps per day in the inter-
vention group (B=589.58; p=.047; d=0.45) compared
to the control group. However, the intervention has no
significant effect on self-reported physical activity, physi-
cal fitness, or cognition. The correlation between the aver-
age number of steps and self-reported physical activity
across all participants was low (r=0.24). The intervention
decreases balance. However, this difference is explained

by an improvement in balance in controls over time
(B=—0.76 [95% CI—1.47 to—0.05]; p=.04; d=0.18). No
effect moderation by ApoE-e4 was observed for the pri-
mary outcomes.

The effect of the intervention on gait speed is sig-
nificantly moderated by sex (B= —0.82 [95% CI — 1.30
to—0.33]; p=.001). At baseline, the average time in
seconds to walk 6 m is higher for women (M =4.33,
SD=1.04) than for men (M=3.93, SD=1.33,
p=0.03), which indicates a slower gait speed in
women. The women in the intervention group show
an overall decrease in time in seconds, indicating an
increase in gait speed. This increase in gait speed is
significantly relative to the control group (B= —0.82
[95% CI—1.30 to — 0.33]; p=.04; d=0.73). The men in
the intervention group show a slight overall increase in
time in seconds. This increase occurs at T1, followed
by a decrease at T2. See Fig. 3. This overall increase
in time in seconds is not significant compared to the
control group (B=0.53 [95% CI —0.01 to 1.07]; p =.06;
d=0.47).

Secondary outcomes—indicators of physical and mental
health

The indices of frailty and depressive symptoms were unaf-
fected by the intervention. The intervention decreased the
number of ADL limitations (B= —0.11, p=.03; 4=0.30).
The mental health score increased over time in the control
group, indicating improved mental health, and remained
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Table 3 Results of the mixed models’intention to treat analyses on primary outcomes including measures of physical activity, physical

fitness, and cognition

Outcome Intervention group  Control group Model A Model B
N=69 N=33 N=102 N=96
Physical activity Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
Steps per day
Baseline 4741.20 (1329.93) 4465.22 (1252.26)
9 months 6708.67 (2971.22) 559589 (2594.14) 441.57 (—107.69t0990.82) .12 34 58958 (8.78-1170.40) .047 45
Self-reported PA
Baseline 113.00 (69.25) 108.67 (70.98)
9 months 126.09 (70.67) 117.15(71.04) 330(=11.521018.12) 66 05  1.73(=14.14t0 17.60) 83 02
Physical fitness  Mean (sd) Mean (sd) B (95% ClI) Pvalue d B (95% CI) Pvalue d
Aerobic capacity
Baseline 455.25 (87.49) 401.87 (78.92)
9 months 488.68 (109.54) 437.92(90.14) —231(—=20.79t0 16.17) 81 03 —063(—1982t01855) .95 01
Muscle strength®
Baseline —0.12(1.33) —0.69(2.30)
9 months 0.25 (1.44) —041(1.95) 0.03(—0.15t0 0.21) 78 02 000 (=0.19t00.20) .96 0
Balance
Baseline 38.52(3.02) 37.06 (5.92)
9 months 38.52(3.18) 39.20 (2.77) —0.68 (—1.33t0—0.02) .04 16 —076(—147t0—005) .04 .18
Gait
Baseline 4.28(1.17) 4.12(1.02)
9 months 3.90(0.81) 4.28(1.19) —0.14 (= 0.3410 0.06) a7° 12 —=0.12(=0.331t00.09) 25° 11
Cognition Mean (sd) Mean (sd) B (95% ClI) Pvalue d B (95% CI) Pvalue d
Global cognition®
Baseline —0.02(3.21) —0.63(2.53)
9 months 1.12(3.58) 042 (3.02) 0.05(=0.3110042) 77 02 0.06(—0.311t0044) 76 02
Executive functioning®
Baseline 0.15 (2.44) —0.29(2.30)
9 months 0.69 (2.53) 0.24 (2.44) 0.16 (—0.20t0 0.53) 37 07 020(=0.19t00.59) 32 .08
Learning®
Baseline —0.17(1.67) —0.59(1.06)
9 months 0.27 (1.82) 041 (1.78) —0.20 (—0.48 t0 0.08) 16 1 —0.16 (— 04610 0.14) .29 A
Verbal memory®
Baseline —0.21(1.02) —0.18(0.77)
9 months 0.27 (1.06) 0.16 (0.85) 0.04 (= 0.15t0 0.23) 69 04 005(—0.161t00.25) 66 05

2Values standardized over time. PEffect moderation by sex observed. PA Physical activity. Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at

baseline, age, sex, education, and ApoE-g4 carrier status, d=Cohen’s d

constant in the intervention group (B= —2.48, p=.03,
d=0.21) (Table 4).

Secondary outcomes—serum concentrations assessed

at 6 months (T1)

Serum concentrations of biomarkers of diabetes (insulin,
IGF-I) and lipid metabolism (total cholesterol, HDL-cho-
lesterol, and triglycerides) assessed at T1 were not signifi-
cantly affected by the intervention (Table 5).

Per-protocol analyses

The relative increase in the average number of steps per day
in the intervention group did not reach significance in the
per-protocol analyses (B=679.16, p=.06). No significant
intervention effects were observed for self-reported physical
activity, physical fitness, and cognition. Significant moderation
of the intervention effect by APOE was observed for learning
and verbal memory. Stratification by genotype showed mixed
results. In the controls, a relative improvement in performance
on the learning index is observed only in those with ApoE-e4
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Fig. 3 Average gait speed expressed in time in seconds needed to
walk a 6-meter distance stratified by group and sex. Higher scores
indicate a slower gait speed

(B=—-0.90, p=.01, d=0.59) (Table 9, Appendix). Similar to
the ITT analyses, significant effect moderation by sex was
observed for the measure of gait speed. The results of the sec-
ondary outcomes correspond to those of the ITT analyses
(Tables 10 and 11, Appendix). A description of the per-proto-
col analyses can be found in the Appendix.

Responder analyses of those who achieved a 35% increase
in daily physical activity

As a significant number of people in the interven-
tion group did not reach the intended improvement in
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physical activity of 35%, we performed additional analy-
ses comparing participants who achieved an increase in
physical activity of >35% (N=235), to those who showed
no increase in physical activity or less than 35% (N=45).
Those who achieved the intended improvement in physi-
cal activity of at least 35% were on average younger
(M=67.87, SD=8.06; M=71.67, SD=9.09; p=.05) and
had a higher level of cognitive functioning at baseline
(Global cognition score M =1.03, SD=2.75; M= —0.87,
SD=3.04, p=.01) than those who did not achieve a 35%
improvement in physical activity.

When comparing responders to non-responders,
analyses show significant improvements in physical
fitness and cognition. An increase in physical activ-
ity of >35% over 9 months resulted in an improve-
ment of aerobic capacity (B=24.59, p=.02, d=0.26)
and gait speed (B= —0.29, p=.02, d=0.24). Balance,
muscle strength, and self-reported level of physical
activity were unaffected by the 35% increase in physi-
cal activity (B= —0.45, P value=.23; B=0.18, p=.11
and B=2.70, p=.77; B=2.70, p=.77, respectively).
In addition, we find improvements in global cogni-
tion (B=0.65, p=.002, d=0.23), executive function-
ing (B=0.72, p<.001, d=0.30), and verbal memory
(B=0.23, p=.03, d=0.23) compared to those that
showed no increase or an increase in physical activity
of less than 35%, in the fully adjusted models. Learn-
ing was unaffected by an increase in physical activity
(B=0.17, p=.27) (Table 6).

Table 4 Results of the mixed models'intention to treat analyses on secondary outcome measures of physical and mental health

Intervention group  Controlgroup  Model A Model B
N=69 N=33 N=102 N=96
Mean (sd) Mean (sd) B (95% ClI) Pvalue d B (95% ClI) Pvalue d
ADL limitations
Baseline 0.23 (0.86) 0.33 (0.69)
9months  0.23(0.73) 042 (0.77) —0.10(—0.19t0—0.004) .04 12 —011(=021t0—001) .03 14
Experienced frailty
Baseline 0.11(0.07) 0.12(0.07)
9months  0.11 (0.06) 0.11(0.07) 0.00 (—0.01t0 0.01) 46 0 0.00 (—0.00to 0.01) 33 0
Mental health
Baseline 81.67(11.00) 79.96 (13.94)
9months  81.07(12.85) 83.52(11.61) —2.50(—4.511t0—0.50) .02 21 —248(—462t0—034) .02 21
Intervention group  Controlgroup  Model A Model B
N=39 N=23 N=62 N=56
Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
Depressive symptoms
Baseline 8.92 (6.05) 8.35(6.67)
9months  7.64(5.72) 8.30 (7.35) —0.67 (—1.95 10 0.60) .30 1 —0.86 (—2.27 10 0.55) 23 14

Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and ApoE-g4 carrier status. PA Physical activity as measured in
daily number of steps taken, ADL Activities of daily living, IGF-I Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen'’s d
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Table 5 Results of the mixed models'intention to treat analyses serum concentrations 6 months after the start of the intervention (T1)

Outcome Intervention group  Control group  Model A Model B
N=64 N=30 N=94 N=87

Serum concentrations Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
IGF-I

Baseline 13.71 (4.48) 14.16 (4.37)

6 months 14.58 (4.97) 1447 (4.15) 0.23(=0.27 10 0.74) 36 05  021(=033t00.76) 45 05
Insulin

Baseline 4991 (33.74) 54.62 (37.49)

6 months 43.55 (36.30) 46.18 (21.79) 0.88 (—3.50t0 5.26) 69 03 144(—329t06.20) 55 04
Total cholesterol

Baseline 534(1.17) 529(1.11)

6 months 540(1.17) 5.33(1.02) 0.02 (—0.081t00.12) .70 02 002(—009t00.13) 69 02
HDL-cholesterol

Baseline 143 (0.44) 143 (0.36)

6 months 1.45 (0.45) 1.48 (0.36) —0.01(=005t00.02) 46 02 —0.01(—=0.05t00.03) .62 02
Triglycerides

Baseline 1.52 (1.04) 1.62 (0.94)

6 months 1.51(0.88) 1.55 (0.85) 0.02 (—=0.081t00.12) 67 02 002(=0.09t00.13) 68 02

Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and ApoE-€4 carrier status. PA Physical activity as measured in
daily number of steps taken, ADL Activities of daily living, IGF-I Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen'’s d

Secondary outcomes—indicators of mental and physical
health

An increase in physical activity of >35% at 9 months
decreased the number ADL limitations (B= —0.13,
p=.02, d=0.24). No differences were observed in
experienced frailty (B= —0.01, p=.18), mental health
(B=0.79, p=.55), or depressive symptoms (B= —0.86,
p=.28) (Table 7).

Secondary outcomes—serum concentrations assessed

after 6 months (T1)

At 6 months, serum concentrations of biomarkers of diabe-
tes (insulin, IGF-I) and lipid metabolism (total cholesterol,
HDL-cholesterol, and triglycerides) were not significantly
affected by the increase in physical activity (Table 8).

Effect moderation by APOE

The significant interaction between the 35% increase
in physical activity and APOE on executive functioning
(B=1.22, p=.003, d=0.51) indicates that increasing
physical activity with>35% leads to greater improve-
ment in executive functioning for those with ApoE-e4
(B=1.50, p=.003, d=0.63) than for non-carriers
(B=0.41, p=.04, d=0.17). No significant effect modera-
tion by APOE was observed for global cognition, learn-
ing, and verbal memory. Stratification by genotype shows
significant effects of a>35% increase in physical activ-
ity on gait speed, global cognition, learning, and ver-
bal memory only in ApoE-e4 non-carriers and shows a

large variance in the smaller group of ApoE-e4 carriers.
Figure 4 shows the effects of a>35% increase in physi-
cal activity, stratified by ApoE-e4. Of note is that overall
improvements in cognitive functioning were more robust
and consistent in non-carriers.

Discussion

The ITT analyses of primary outcomes show that the
COACH method, aimed at the promotion of low-to-
moderate physical activity, increases the level of physi-
cal activity of healthy elderly. No significant effects of
the intervention are seen on self-reported physical
activity, physical fitness, and cognition. Although the
indices of self-reported physical activity, physical fit-
ness, and cognition in the intervention group improve
over time, a similar trend is seen in the controls. Strati-
fication by sex shows opposing effects of the inter-
vention in gait speed for men (lower gait speed) and
women (higher gait speed) relative to controls. The
secondary outcomes show a decrease in the number of
ADL limitations in the intervention group and a rela-
tive improvement in the mental health of those in the
control group. The intervention did not affect serum
levels or measures of frailty or depression.

Additional responder analyses, focusing on the group
that achieved the intended exposure of an increase
in physical activity of >35%, reveal that this group
showed significant improvements in aerobic capacity
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Table 6 Results of the mixed models analyses investigating the effect of a>=35% increase in physical activity on primary outcome
measures including physical activity, physical fitness, and cognition

Outcome >=35% increase <35% Model A Model B
PAT2 increase PAT2 N=80 N=75
N=35 N=45
Physical activity Mean (sd) Mean (sd) B (95% CI) Pvalue d B (95% CI) Pvalue d
Steps per day
Baseline 4877.68 (1146.94) 492847 (1148.09)
9 months 9204.67 (2303.47)  531241(1836.38)  2002.22 (1515.78-2488.65)  .000 1.76 2079.88(1560.74-2599.03) .000 1.82
Self-reported PA
Baseline 135.14 (70.88) 101.93 (68.45)
9 months 14531 (81.18) 111.51 (60.59) 1.59 (— 15.08 to 18.25) 85 02 270(—15.351t020.74) 77 03
Physical fitness Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) P value
Aerobic capacity
Baseline 464.37 (75.46) 430.78 (102.97)
9 months 527.74 (96.52) 456.61 (114.91) 2140 (1.51-41.29) .04 .23 24.59(3.83-45.35) .02 .26
Muscle strength
Baseline 0.04 (1.32) —061(2.11)
9 months 0.55 (1.36) —0.23(1.93) 0.13(=0.07t0 0.34) .20 07 0.18 (—0.04 to 0.40) 1 .10
Balance
Baseline 39.04 (2.86) 37.38(5.03)
9 months 38.87(3.37) 38.88 (2.93) —041(—1.08100.26) 23 10 —045(=1.18100.28) 23 RA
Gait
Baseline 3.92(0.85) 4.44(1.36)
9 months 3.67(1.04) 4.16 (0.88) —027 (—048to—0.05) .02 23 —029(—=052t0—0.10) .02 .24
Cognition Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% ClI) Pvalue d
Global cognition®
Baseline 1.03 (2.75) —0.87 (3.04)
9 months 291 (2.53) 0.12 (3.66) 0.52(0.13-0.91) .009 17 065 (0.23-1.04) .002 .21
Executive functioning®
Baseline 0.71(2.10) —0.30(251)
9 months 1.73 (2.07) —0.05 (2.58) 0.59 (0.22-0.96) .001 25 0.72(033-1.11) .000° 30
Learning®
Baseline 0.03 (1.56) 1.01(1.37)
9 months —030(1.55) 0.24 (2.08) 0.17 (= 0.13 t0 0.48) 27 A1 017 (=0.16100.50) 32 RA
Verbal memory®
Baseline 0.01(1.02) —0.35(0.99)
9 months 0.75 (0.83) 0.09 (1.00) 0.21 (0.01-0.40) .04 .21 0.23(0.02-0.44) .03 .23

2Values standardized over time. ®Effect moderation by ApoE-g4 observed. PA physical activity. Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y
at baseline, age, sex, education, and ApoE-€4 carrier status. d Cohen’s d
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Table 7 Results of the mixed models analyses investigating the effect of a >=35% increase in physical activity on secondary outcome
measures of physical and mental health

>=35%increase PAT2 <35%increase PAT2 Model A Model B
N=35 N=45 N=80 N=75
Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
ADL limitations
Baseline  0.17 (0.45) 0.22 (0.60)
9 months 0.14 (0.36) 0.33(0.67) —008(—0.19t00.02) .12 15 —=0.13(=024t0—0.02) .02 24
Experienced frailty
Baseline  0.10 (0.05) 0.12 (0.07)
9 months  0.10 (0.05) 0.12 (0.07) —0.01(—0.02t00.003) .15 16 —001(—002t00.003) .18 16
Mental health
Baseline  82.81(10.73) 79.53 (13.84)
9 months 83.99 (10.12) 82.81(10.73) 0.79(—1.59t03.17) 52 06 0.79(—1.78t03.37) 55 .06
>=35%increase PAT2 <35%increase PAT2 Model A Model B
N=26 N=29 N=55 N=50
Mean (sd) Mean (sd) B (95% ClI) Pvalue d B (95% Cl) Pvalue d
Depressive symptoms
Baseline  7.04 (5.29) 9.86 (6.95)
9 months  6.08 (4.83) 9.00 (7.33) —036(—1.76t01.04) 61 06 —0.86(—240t00.68) 28 14

Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and ApoE-g4 carrier status. PA Physical activity as measured in
daily number of steps taken, ADL Activities of daily living, IGF-I Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen’s d

Table 8 Results of the mixed models analyses investigating the effect of a>=35% increase in physical activity on serum
concentrations 6 months after the start of the intervention (T1)

Outcome >=35% <35% Model A Model B
increase PAT2 increase PAT2 N=71 N=71
N=35 N=38
Serum concentrations Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% CI) Pvalue d
IGF-1
Baseline 14.55 (3.79) 13.87 (4.43)
6 months 15.27 (3.80) 14.55(3.79) —025(—085t0035) 41° 06 —031(—098t0034) .35° 07
Insulin
Baseline 53.84(39.21) 51.93(36.92)
6 months 46.36 (46.01) 44.89 (22.09) 1.66 (—3.74 10 7.05) .55 04  157(—433t0748) .60 04
Total cholesterol
Baseline 547 (1.25) 5.19(1.15)
6 months 5.58(1.12) 5.18 (1.08) 0.02(—0.10t0 0.14) 72 02  003(-0.10t00.16) 65 03
HDL-cholesterol
Baseline 141 (0.44) 145 (0.39)
6 months 1.50 (0.44) 1.45(0.39) 0.02 (= 0.02 t0 0.06) 38 05 002 (—0.021t00.07) 34 05
Triglycerides
Baseline 1.43 (0.66) 1.62 (1.25)
6 months 1.40 (0.74) 1.63 (0.96) 0.001 (—0.13t00.13) 99 0 —0.02(-=0.16100.12) .76 02

2 Effect moderation by sex observed. Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and ApoE-g4 carrier status
PA Physical activity as measured in daily number of steps taken, ADL Activities of daily living, IGF-/ Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen’s d
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Fig. 4 Forest plot of overall effect sizes of those who showed an increase in physical activity of at least 35% versus those who showed no increase
in daily physical activity or an increase that was lower than 35% of their original level of physical activity at 9 months, stratified by genotype. Effect

sizes are represented by Cohen's d
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and gait speed as well as verbal memory, executive
functioning, and global cognition, compared to those
who did not. The responder group did not show any
significant improvements in the measures of balance,
muscle strength, learning, frailty, mental health, serum
levels, or depressive symptoms.

The null results of the ITT analyses of the interven-
tion effect on cognition are at odds with the results from
several meta-analyses that indicate that physical activ-
ity interventions have modest positive effects on cog-
nition [6—10]. However, these trials show considerable
heterogeneity in intervention type, outcome measures,
and population attributes, which has lead several authors
to conclude the experimental evidence is inconsistent
or insufficient [11-14]. We hypothesize that the overall
intensity of the promoted physical activity behaviors in
the intervention group (low-to-moderate) in the present
study was not high enough to achieve positive effects on
physical fitness or cognition, relative to the active control
group. Moderator analyses indicate that intensity and
training duration are important effect moderators across
studies, and the most successful interventions include
the promotion of aerobic exercise of at least moderate
intensity [7, 8, 11, 12, 15, 16, 100, 101].

The improvement in mental health observed in the
control condition cannot be attributed to group differ-
ences in mental health score at baseline and might there-
fore be speculatively interpreted as a beneficial effect
of the stretching exercises. A review of previous trials
investigating the effects of yoga, a combination between
stretching exercises and regulation of respiration, on
mental health, has reported similar improvements in
perceived stress and mental health [102]. However, this
hypothesis remains to be confirmed in an independent
study. While physical activity has been found to improve
mental health in multiple studies, we do not see evidence
for that in the intervention group.

The positive effects of the responder analyses on physi-
cal fitness and cognition suggest a threshold effect and
substantiate the role of intensity and duration of physi-
cal activity behavior as important moderators of suc-
cess. Based on the current findings, it remains unclear
whether the effects of moderate-intensity aerobic exer-
cise could also be achieved by equal energy expenditure
during prolonged low-to-moderate physical activity. In
addition, studies with a control condition with no con-
tact or lifestyle education only more often resulted in
significant intervention effects, whereas the presence of
an active control or social group led to positive but no
longer significant effects of the intervention, compared to
controls [8].

The significant increase in average number of steps
per day following the intervention was not reflected in
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a significant change in the self-reported physical activ-
ity score. Previous comparisons have found moderate
correlations between pedometer assessments and self-
reported activity (r=0.33) [71]. In the present study, we
found that both steps and self-reported physical activ-
ity increased after the intervention, but the correlation
between both measures was lower than expected based
on the literature (r=0.24). Self-reported energy expendi-
ture has been shown to be more strongly associated with
psychological variables, like depression, attitudes toward
physical activity, self-efficacy, and locus of control, than
with health and anthropometric measures that predict
engagement in physical activity [70]. In addition, the use
of self-report questionnaires is more sensitive to response
and recall bias, compared to more direct means of meas-
urement. Self-report measures of physical activity might,
therefore, also reflect more stable participant character-
istics that are less likely to change as a consequence of a
physical activity intervention.

Compared to controls and their male counterparts,
the women in the intervention group show signifi-
cantly more gain in average gait speed. This sex differ-
ence in the effect of the intervention on gait speed was
not reported previously in the literature. Our finding
could have been the result of regression to the mean or
a higher compliance with the intervention in women.
However, none of the other primary outcome meas-
ures suggested a difference in compliance between men
and women. The relevance of this finding remains to be
confirmed.

Looking at effect modification by APOE, the effects of
an increase in physical activity of >35% on cognition
are most robust and consistent in ApoE-g4 non-carri-
ers. However, a significant group-by-genotype interac-
tion indicates that a>35% increase in physical activity
leads to greater improvement in executive functioning
for ApoE-e4 carriers. This finding is in line with the idea
that protective associations between physical activity and
brain health might be more pronounced in ApoE-¢4 car-
riers than in non-carriers [32, 37, 38, 40, 103—-107].

The increase in physical activity following the interven-
tion did not lead to an increase in the level of circulating
IGF-I or to a significant improvement in the biomarkers
of the cardiovascular risk profile, the number of depres-
sive symptoms, and levels of experienced frailty and men-
tal health as expected based on the literature [108—123].
We hypothesize that the power, duration, and intensity of
the present study were insufficient to detect the expected
protective effects. The assessment of the serum bio-
markers, in particular, might have been too early in the
intervention to detect any effects. Observational data
from epidemiological studies indicate that moderate
physical activity, when sufficiently sustained, can slow the
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age-related progression of frailty and depressive symp-
toms [110-114, 122] and mitigation of cardiovascular
risk factors and diabetes mellitus largely depends on sus-
tained regular physical activity throughout the lifespan
[124].

The strength of our trial is the accessibility of the inter-
vention for those vulnerable to accelerated cognitive
decline. Dropout rates were under 25%. Comprehensive
measurement led to the detection of modest changes in a
wide range of functions. The effects of an improvement in
physical activity of >35% on cognition are small (Cohen’s
d 0.17-0.30) but span a wide range of highly relevant cogni-
tive functions.

Limitations

The present trial has some limitations. First, the number of
participants in the control group that completed the study
was lower than indicated in the power calculations. As a
consequence, the power might have been insufficient to
detect the expected effects and effect estimates might be
biased. Stratified analyses should be regarded as explora-
tory. Second, the number of participants in the interven-
tion group that achieved the intended improvement in
physical activity was too low, suggesting the intervention
was feasible but not effective enough to establish a signifi-
cant change in physical activity in most of the participants.
Third, converting non-ambulatory activities to steps,
according to the criteria of Tudor-Locke and Basset [64,
65, 125], might have introduced subjectivity. Fourth, the
duration of pedometer use was not standardized across
groups. The difference in the length of the registration
period might have led to an overestimation of the levels of
physical activity in the control group, due to reactivity in
the first week of measurement [67]. Lastly, because of the
long pre-dementia stage of neuropathological changes, we
cannot fully exclude bias by reverse causation, in that those
with the highest level of cognitive functioning might profit
more from exercise counseling, than those with lower lev-
els of cognitive functioning at baseline.

Conclusion

In summary, although not all participants achieved the
intended improvement in physical activity, the tailored
intervention was easily accessible and well appreciated
in a group of elderly with low levels of physical activity.
The ITT analyses did not show intervention effects on
physical fitness or cognition. Responder analyses suggest
benefits on physical fitness and cognition for those who
managed to achieve an increase in physical activity > 35%
over 9 months. In light of the potential benefits of physi-
cal activity on physical fitness and cognitive functioning,
we highly recommend an ambitious approach towards
the prevention of cognitive decline and dementia by
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stimulating sustained engagement in moderate to high
levels of physical activity, over the course of the lifetime.
Future studies could optimize intervention potential by
aiming at a sustained increase in physical activity of >35%
in a population of “at risk” individuals defined by various
health parameters including age, level of physical activity,
and genetic susceptibility. This study also reveals several
difficulties in physical activity trials, which are difficult to
blind for participants and researchers. Intervention poten-
tial could be further enhanced by replacing the active
control condition with a no-contact or waitlist control
condition and further standardization of the assessment of
physical activity by means of actigraphy or accelerometry.

Appendix

Per-protocol analyses

Primary outcomes

The per-protocol analyses showed no significant effects
of the intervention on the average number of steps per
day (B=679.16 [95% CI —25.99 to 1384.31]; p=.06).

No effect of the intervention on self-reported physical activ-
ity or measures of physical fitness and cognition was observed
(Table 9). Significant effect moderation by sex was observed
for the measure of gait speed (B=—0.84 [95% CI—1.42
to—0.27]; p=.004). Stratification by sex showed neither men
nor women in the intervention group experienced significant
changes in gait speed, relative to controls. Significant effect
moderation by APOE genotype was observed for measures of
verbal memory (B= —0.60 [95% CI—1.14 to—0.06]; p=.03)
and learning (B=—0.89 [95% CI—1.71 to—0.08]; p=.03).
Stratification by genotype showed a greater improvement
in learning in the control group in ApoE-e4 carriers only
(B=—0.90 [95% CI—1.62 to—0.18]; p=.01, d=0.59). Strati-
fication did not yield significant intervention effects on verbal
memory in either group.

Secondary outcomes—indicators of physical and mental health
The per-protocol analyses showed an effect of the inter-
vention on the number of experienced ADL limitations
(B=—0.13, [95% CI—0.26 to—0.01], p=.03, d=0.35).
The TOPICS-MDS mental health score increases
over time in the control group and remains constant
in the intervention group (B= —2.73, [95% CI—5.46
to—0.002], p=.05, d=0.22) (Table 10).

Secondary outcomes—serum concentrations assessed

at 6 months (T1)

Serum concentrations of biomarkers of diabetes (insulin,
IGF-1) and lipid metabolism (total cholesterol, HDL-cho-
lesterol, and triglycerides) assessed at 6 months were not
significantly affected by the intervention (Table 11).
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Table 9 Results of the mixed models per-protocol analyses on primary outcomes including measures of physical activity, physical
fitness, and cognition

Outcome Intervention group Control group  Model A Model B
N=54 N=27 N=81 N=76
Physical activity Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
Steps per day
Baseline 4995.66 (1165.82) 4661.67 (1106.72)
9 months 7634.80 (2688.64) 5799.16 (2688.64) 516.79 (—133.60to 1167.17) .12 45 679.16(—25991t01384.31) .06 59
Self-reported PA
Baseline 115.56 (70.49) 116.07 (73.07)
9 months 127.56 (70.59) 122.56 (74.57) —1.57(=19.3310 16.18) .86 02 —627(—25391t012.85) 52 .09
Physical fitness Mean (sd) Mean (sd) B (95% CI) Pvalue d B (95%Cl) Pvalue d
Aerobic capacity
Baseline 470.57 (88.00) 396.31 (81.67)
9 months 509.72 (113.27) 439.76 (95.95) —10.10(—3290t0 1269) .39 A1 —1238(—3644t011.68) .31 RE
Muscle strength®
Baseline —0.04 (1.35) —0.89(243)
9 months 043 (1.47) —0.54 (2.04) 0.03(—0.19t0 0.25) 78 02 001(—0.23t00.25) 92 01
Balance
Baseline 38.77 (2.56) 36.85 (6.31)
9 months 38.79 (3.14) 39.09 (3.04) —060(—131t00.11) .10 14 —069(—1481t00.10) 09 16
Gait
Baseline 4.24(1.24) 4.14(1.07)
9 months 3.76 (0.73) 434 (1.26) —0.18 (=042 t0 0.06) 140 15 —015(=041t00.11) 25° 13
Cognition Mean (sd) Mean (sd) B (95% CI) Pvalue d B (95%Cl) Pvalue d
Global cognition®
Baseline 0.34 (3.28) —0.70 (2.43)
9 months 1.73 (3.59) 0.53(3.11) 0.02 (=041 to 0.46) 91 01 —002(—0481t0045) 94 01
EF°
Baseline 0.37 (2.46) —0.27(217)
9 months 0.99 (2.52) 0.26 (2.45) 0.19 (—0.23 t0 0.60) 37 08 0.19(—0.27t0 0.65) A1 .08
Verbal memory®
Baseline —0.19(1.09) —0.19(0.83)
9 months 043 (1.04) 0.23 (0.90) 0.05(—=0.171t0 0.27) 68 05 0.05(—0.19t00.29) 69¢ .05
Learning®
Baseline 0.07 (1.70) —0.58 (1.09)
9 months 0.55 (1.81) 0.61(1.88) —0.28 (= 06110 0.05) .10 18 =027 (—0651t00.09) 14¢ 17

2Values standardized over time. PEffect moderation by sex observed. “Effect moderation by APOF £4 observed. Model A: adjusted for y at baseline, age, and sex. Model
B: adjusted for y at baseline, age, sex, education, and ApoE-g4 carrier status, d Cohen’s d
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Table 10 Results of the mixed models per-protocol analyses on secondary outcomes—indicators of physical and mental health

Intervention group  Control group  Model A Model B
N=54 N=27 N=81 N=76
Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
ADL limitations
Baseline 0.11(0.37) 0.37 (0.74)
9months  0.15(041) 044 (0.75) —0.12(—023t0—0.003) .045 22 —013(=026t0—001) .03 .24
Experienced frailty
Baseline 0.11 (0.05) 0.12 (0.08)
9months  0.11 (0.06) 0.11(0.08) 0.01 (—0.01to 0.02) 37 16 001 (—0.011t00.02) 27 16
Mental health
Baseline 81.77 (11.14) 79.47 (15.06)
9months  81.28(13.73) 84.00 (12.40) —289(=541t0—-037) .03 .23 —2.73 (=546 t0—0.002) 05 22
Intervention group  Control group  Model A Model B
N=35 N=20 N=55 N=50
Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% Cl) Pvalue d
Depressive symptoms
Baseline 8.66 (6.07) 8.30 (6.90)
9months  7.23(5.62) 8.30 (7.66) —0.74(—2.151t00.68) 31 12 —0.89(—242100.63) 25 14

Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and APOE €4 carrier status. PA Physical activity as measured in
daily number of steps taken, ADL Activities of daily living, /GF-T Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen’s d

Table 11 Results of the mixed models per-protocol analyses on serum concentrations assessed at 6 months (T1)

Outcome Intervention group  Control group Model A Model B
N=50 N=25 N=75 N=70

Serum concentrations Mean (sd) Mean (sd) B (95% Cl) Pvalue d B (95% CI) Pvalue d
IGF-1

Baseline 14.32 (4.04) 13.82 (4.34)

6 months 15.80 (3.77) 14.58 (4.10) 042 (—0.24t0 1.08) 21 10 041(=033t01.15) 28 10
Insulin

Baseline 5037 (36.57) 56.79 (39.78)

6 months 43.64 (40.51) 48.10 (21.24) 0.82 (—5.15t06.79) 79 02 225(—439t08.88) 51 .06
Total cholesterol

Baseline 5.40(1.21) 521(01.17)

6 months 551 (1.21) 5.16 (0.93) 0.01(=0.12t00.14) 91 01 0.002 (—0.15t0 0.15) .98 .002
HDL-cholesterol

Baseline 1.42 (0.46) 1.48(0.37)

6 months 147 (047) 1.51(0.33) —0.03(-008t00.01) .14 .07 —0.03(-008t00.02) .18 .07
Triglycerides

Baseline 1.51(0.76) 154 (1.14)

6 months 1.57 (0.96) 141 (0.63) 0.06 (—0.07 t0 0.20) 37 06 0.06(—0.09t00.22) 42 06

Model A: adjusted for y at baseline, age, and sex. Model B: adjusted for y at baseline, age, sex, education, and APOE ¢4 carrier status. PA Physical activity as measured in
daily number of steps taken, ADL Activities of daily living, /GF-T Insulin-like growth factor 1, HDL High-density lipoprotein, d Cohen’s d
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Abbreviations

15WT 15 Word test

ADL Activities of daily living

APOE Apolipoprotein gene

ApoE-g4  Apolipoprotein E €4 allele

BDNF Brain-derived neurotropic factor

BMI Body mass index

cl Confidence interval

CES-D Centre for Epidemiological Studies depression scale
DNA Deoxyribonucleic acid

HDL High-density lipoprotein

IGF-1 Insulin-like growth factor |

T Intention to treat

LLT Location learning test

MMSE Mini-Mental Status Examination

PA Physical activity as measured in daily number of steps taken
PARQ Physical Activity Readiness Questionnaire
PASE Physical activity scale for the elderly
SPPB Short physical performance test

SD Standard deviation

T™MT Trail making test

TUG Timed Up and Go Test
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