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ABSTRACT

This study aims to assess the effect of an increase in daily physical activity to prevent cognitive decline,
sustain brain volumes and maintain healthy biomarker levels in mild cognitive impairment (MCI) subjects

Journal of Medical Science 2129;90(4)



aged 50-70 years. In total, 198 subjects with MCI (assessed using the Montreal Cognitive Assessment test)
will be recruited and randomised into two groups: active and passive. The active group will be instructed,
encouraged and motivated to increase their physical activity to at least a moderate level (= 10,000 steps/day),
whereas the passive group should maintain their normal activity levels. All subjects will undergo cognitive
assessment, neuroimaging and biomarker tests prior to and after a one-year intervention. During the inter-
vention, physical activity will be measured by the Fitbit Inspire HR wristband. The study was registered in the
German Clinical Trials Register database (registration no. DRKS00020943, date of registration: 09.03.2020,

protocol version: 1.0).

Research Project Objectives

The study aims to assess the effect of increasing
daily physical activity on the prevention of cogni-
tive decline, sustaining brain volumes, as well as
on maintaining healthy biomarker levels in sub-
jects aged 50-70 years affected by mild cognitive
impairment (MCI). The study hypotheses are as
follows:

1. Increased daily physical activity to at least
a moderate level (> 10,000 steps/day) for one
year will not affect cognitive function.

2. Higher levels of daily physical activity
(> 10,000 steps/day) will not preserve brain
volume and will not maintain proper values of
healthy biochemical markers and anthropo-
metric parameters.

Research Plan and Basic Concept

Basic Concept

MCI is a condition in which subjects demon-
strate cognitive decline with minimal dysfunc-
tion of instrumental daily activities, which may
also be a stage preceding dementia [1]. According
to a recent systematic review, about 18% of MCI
subjects develop dementia within two years, with
the conversion rate increasing to 32% following
five years [2]. In 2016, the global prevalence of
dementia was 48.3 million [3], which is anticipat-
ed to increase to 80 million in 2030 [4]. Neurocog-
nitive disorders significantly affect everyday liv-
ing and place a substantial financial burden on
healthcare systems. Advanced age and family
history of neurocognitive disorders are important
risk factors for developing dementia, as well as
numerous modifiable risk factors, such as hyper-
cholesterolaemia, hypertension, obesity, hyperg-
lycaemia, poor education and physical inactivity

[5]. Moreover, currently, there is no pharmaco-
logical treatment approved for MCI. Therefore, it
is crucial to identify MCI subjects and attempt to
mitigate the risk factors in this group [6].

To date, there have been several studies
regarding the impact of physical activity on the
prevention of cognitive decline [7-9]. A recent
meta-analysis demonstrated that physical activ-
ity (aerobic, resistance training or tai chi) posi-
tively affects cognitive function in adults aged 50
years or older, regardless of their baseline cogni-
tive status [7]. In addition, another meta-analysis
showed that slow walking and jogging signifi-
cantly improved attention, execution and mem-
ory processes [8]. Furthermore, improved daily
physical activity, defined as walking a greater
distance, helps to preserve grey matter volume in
the frontal, occipital, entorhinal, and hippocam-
pal regions, resulting in a reduced risk of cogni-
tive decline [9, 10].

Although several studies reported a relation-
ship between physical activity and cognitive
functions preservation, there is no consensus
regarding the exact frequency, duration, intensity
and type of exercise necessary to prevent cogni-
tive decline. Current physical activity guidelines
recommend that adults should be involved in at
least 150 minutes of moderate-intensity aerobic
exercise a week [4, 11]. However, only less than
5% of adults were able to comply with the rec-
ommendations which indicates that the exist-
ing guidelines are too demanding for the elder-
ly. Moreover, actual physical activity was lower
compared to the declared level of activity in all
forms of questionnaires [12].

Study design

The study was designed as a parallel-group pro-
spective randomised controlled trial. The study
protocol was registered in the German Clini-
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cal Trials Register database (registration no.
DRKS00020943, date of registration: 09.03.2020,
protocol version: 1.0). The study protocol is
reported in accordance with the Standard Proto-
col Items: Recommendations for Interventional
Trials guidelines [13, 14]. The data in this study
will be reported and presented according to the
Consolidated Standards of Reporting Trials state-
ment [15].

Ethical issues

The present study will be conducted accord-
ing to the guidelines provided in the Declaration
of Helsinki. The study protocol was approved by
the Bioethics Committee of Poznan University of
Medical Sciences (refs. 47/20, 169/20, 263/20,
481/20, 720/20, 296/21 and 555/21). The study
personnel will obtain written informed consent
from all study participants upon their enrolment.
The study will not have a data monitoring com-
mittee, given that we do not anticipate severe
adverse effects. Study-related personal damage
of the participating subjects will be covered by
the Poznan University of Medical Sciences insur-
ance policy. Should the study protocol require
amendments, a revised version will be submitted
to the Bioethics Committee. The study team and
the study participants will be also informed about
all the changes.

Study population

In total, 198 subjects will be recruited to the
study. Inclusion criteria are as follows: age
50-70 years, diagnosed MCI (the result of the
Montreal Cognitive Assessment (MoCA) test:
19-26 points), community residence, and owning
a smartphone. On the other hand, the exclusion
criteria include: depression and/or the results of
the Hamilton Depression Rating Scale (HAM-D)
> 13 points, use of cognitive boosting medica-
tions or psychotropic medications, substance
abuse disorders (e.g. alcohol > 15 drinks (units)/
week), diagnosed psychiatric disorders, Parkin-
son's disease, Alzheimer's disease, dementia,
anaemia, diabetes of at least 10 years, chron-
ic renal and liver diseases, a history of cancer
within the past five years, history of stroke, cur-
rent evidence or a history of seizures in the past
two years, head injury with loss of conscious-
ness and/or immediate confusion following the
injury, hypothyroidism with current misaligned
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thyrotrophic hormone levels, any chronic dis-
eases which limit training and testing of cardio-
vascular and respiratory systems, current inten-
sive physical activity (at least 10,000 steps/
day), implanted pacemaker, neurostimulator and
other metal components, including prosthetic
implants, blindness, deafness, language diffi-
culties or any other disability which may prevent
subjects from participating, or cooperating in
the protocol.

Recruitment

Participants will be recruited to the study from
patients of medical clinics and medical centres
in the Greater Poland region (Poland) in consul-
tation with their physicians and directors of the
clinics, by means of study promotion via work-
place channels at the university and healthcare
services, as well as via university newsletters
and websites, posters, leaflets and email invita-
tions sent to companies, offices, and institutions
for distribution to their employees. The research
team will contact the interested participants and
send further information about the study. Prior
to the commencement of the study, the potential
subjects will be screened by a physician during
an inclusion appointment to comply with the pro-
tocol requirements. In this phase, cognitive func-
tions will be evaluated by the MoCA test and the
HAM-D scale will be used to assess the occur-
rence of depression symptoms. Additionally,
physical activity will be determined for at least
one week before the enrolment using the Fitbit
Inspire HR tracker. Subjects will receive infor-
mation regarding the study, its purpose, putative
benefits, and the possible risks. All subjects will
be informed that participation in that study is vol-
untary, and that they may refuse to participate, or
withdraw from the trial at any time without pro-
viding reasons.

Intervention

The study population will be randomised (alloca-
tion ratio: 1:1) into two groups: active (group A) or
passive (group P). Group P (n = 99) will be asked
to sustain their normal activity, whereas group
A (n =99) will be asked, instructed and motivated
by the mobile application to increase their physi-
cal activity intensity to at least 10,000 steps/day.
During the intervention period, all subjects will
be instructed to maintain their current diet and



maintain their medications and, if they change,
to record this in a diary. Prior to and after the
one-year intervention period, cognitive functions,
neuroimaging, and biochemical parameters will
be assessed in all study subjects. Additionally,
physical activity will be determined using the Fit-
bit Inspire HR tracker. Moreover, before, during
and after the intervention period, anthropomet-
ric and densitometric parameters, body compo-
sition, as well as dietary habits will be assessed.
A self-administered questionnaire regarding
physical activity, health condition, medications,
smoking, alcohol use, profession, and educa-

tion will be distributed to subjects. Basic clini-
cal examinations and measurements will also be
performed. The scheme of this study is present-
ed in Figure 1.

Adherence to the intervention

Adherence to the intervention will be assessed
by data collected from the Fitbit, including the
number of steps per day, distance travelled, esti-
mated energy expenditure, sedentary behaviour,
minutes of low, moderate and intensive activity,
as well as sleep behaviour. The data will be wire-
lessly uploaded to the user's account and will

STUDY PERIOD

Enrolment

Allocation | Post-allocation | Close-out

TIMEPOINT

-1

1o 11 (6" month) 72 (12" month)

ENROLMENT:

Eligibility screen

Informed consent

Medical examination

Hamilton Depression Rating
Scale

Montreal Cognitive Assessment

Physical activity
(Fitbit)

Lol I T I R Rl B

Allocation

INTERVENTIONS:

Active group
(> 10 000 steps/day)

'3
*

Passive group
(< 10 000 steps/day)

ASSESSMENTS:

Primary outcomes:

Montreal Cognitive Assessment

Cambridge Neuropsychological Test
Automated Battery

Secondary outcomes:

Anthropometric parameters (body high, body
weight, waist and hip circumferences, body
mass index)

Biochemical markers

(fasting glucose and insulin homeostasis
markers, lipid profile, inflammatory markers,
markers of neuronal growth and destruction)

Blood pressure

Body composition and densitometric
parameters (DEXA)

Food Frequency Questionnaire

Hamilton Depression Rating
Scale

International Physical Activity Questionnaire

Magnetic resonance imaging

Physical activity
(Fitbit)

Socioeconomic assessment

3-day dietary record

Figure 1. The study schedule of the enrolment, interventions, and assessments
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be downloaded by our research team through
the Fitbit website, or by means of the applica-
tion programming interface. The Fitbit data will
provide us with objective information regarding
the level of adherence throughout the interven-
tion period. Furthermore, in order to increase
adherence to the intervention, phone calls will
be scheduled to review the compliance with the
physical activity guidelines, and all participants
will also be given the option of additional calls if
necessary. In addition, weekly emails, including
the information about their average step count,
will be sent to the study participants. Moreover,
a check-up appointment will be conducted six
months after starting the intervention in order
to verify the subject's adherence to the interven-
tion. The study participants who will not comply
with the intervention will be excluded from the
study, and the principal investigator will make
a final decision regarding the exclusion. If a par-
ticipant decides to withdraw from the study, no
further data will be collected concerning this
individual.

Minimum sample size calculation

The minimum sample size was calculated on
the basis of a recent physical activity interven-
tion study in subjects with an incident of cogni-
tive impairment. It demonstrated that the exec-
utive function and memory scores were -0.33
+ 0.79 and -0.32 + 1.29, in the low active and
0.31 £ 0.86, and 0.22 + 1.05 in the highly active
group [16]. However, we assume that due to the
preselection, we will manage to obtain a more
homogenous group, and thus achieve a more
significant clinical effect and 1) the probability
of a type-I error at an alpha cut-off level of 5%
(a = 0.05); 2) the probability of a type-Il error at
a beta cut-off level of 20% (B = 0.2); 3) the dif-
ference of the anticipated means equals to 0.62
standard deviation (SD); 4) the expected value of
SD equals to 85% of the mean.

Randomisation and blinding

Randomisation will be performed via computer
software (RRApp Robust Randomization App, the
Icahn School of Medicine at Mount Sinai, New
York, NY, USA [17]) and the data will be uploaded
by an independent researcher. We will perform
blocked randomisation (block size: six) with the
stratification according to sex and prevalence
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of diabetes. The participants will be allocated
in equal numbers to one of two groups, passive
or active, as defined by the code. According to
the character of the intervention, the study par-
ticipants and researchers taking the physical
activity measurements will not be blinded to the
allocation. Only the outcome assessors and the
study team members who will prepare the data-
base and will perform the statistical analysis will
be blinded.

Protection of data privacy

Quantitative data will be collected from the
recruited subjects using anthropometric, clinical,
biochemical and behavioural measurements to
written and electronic files, and subsequently to
permanent file formats for analysis. Subjects will
be identified by non-personal codes and tied to
metafiles. The data will be verified by investiga-
tors. Original written documents will be stored in
a locked filing cabinet, whereas all the data will
be collected in secure access computers. Docu-
ments and files will be retained as authorised
by the Bioethics Committee. The final trial data-
set will be accessed by the principal investigator,
study coordinator and other team members.

Dissemination

The study results will be presented at local,
national and international conferences, and will
be published in open-access peer-reviewed jour-
nals. Authorship eligibility will be based on the
International Committee of Medical Journal Edi-
tors. The data collected in this study will be avail-
able on request from the principal investigator.
Study participants will be informed of the out-
comes of the study.

Research Methodology

Primary and secondary outcomes

The primary outcomes of the study will be chang-
es (A before — after) in cognitive function param-
eters assessed by the MoCA test and the Cam-
bridge Neuropsychological Test Automated Bat-
tery (CANTAB), whereas the changes in biochem-
ical parameters, neuroimaging, anthropometric
parameters, body compositions and densitomet-
ric parameters will be regarded as the secondary
outcomes. All the data, except neuroimaging, will



be collected in the Department of Pediatric Gas-
troenterology and Metabolic Diseases, Poznan
University of Medical Sciences. Brain magnetic
resonance imaging (MRI) will be performed at the
Heliodor Swiecicki Clinical Hospital in Poznan.
Blood samples will be collected by a commercial
laboratory, while the biochemical parameters will
be measured at the Laboratory of the Department
of Pediatric Gastroenterology and Metabolic Dis-
eases, Poznan University of Medical Sciences, or
by a commercial laboratory.

Anthropometric measurements

Basic anthropometric parameters (body height,
body weight, hip and waist circumferences) will
be measured before and after the intervention
period. Body mass index will be calculated on
the basis of body weight and body height mea-
surements. During the anthropometric measure-
ments, all participants will wear light clothes and
will be barefoot, with an average of two measure-
ments recorded.

Body composition and densitometric parameters
Before and after the intervention period, body
composition (fat and free fat mass), bone miner-
al density and the content of the total body and
lumbar spine (L1-L4) will be assessed by means
of dual-energy X-ray absorptiometry methods
using the Hologic Discovery analyser (Bedford,
Massachusetts, USA).

Blood pressure

Blood pressure will be measured prior to blood
sample collection according to the guidelines
of the European Society of Hypertension. Blood
pressure will be measured on the arm at the heart
level, and will be expressed by three measure-
ments of the systolic and diastolic pressure [18].

Assessment of dietary habits

Dietary habits will be assessed before and during
the intervention period by means of 3-day dietary
records covering two weekdays and one weekend
day. Participants will be asked to give a detailed
description of foods consumed and to estimate
their quantity. To investigate food group intake,
the Beliefs and Eating Habits Questionnaire cre-
ated by the Behavioural Conditions of Nutrition
Team, Committee of Human Nutrition Science of
the Polish Academy of Sciences will be adminis-

tered [19]. The energy intake and the basic nutri-
tional compounds (carbohydrates, proteins, and
fats), selected vitamins and minerals, dietary
fibre, cholesterol, saturated, monounsaturated
and polyunsaturated fatty acids intake will be
assessed using the Aliant software (Anmarsoft,
Gdansk, Poland). The nutrition standards for the
Polish population will be applied to determine
whether individual dietary intakes meet the nutri-
tional recommendations [20].

Physical activity

Physical activity will be determined using the Fit-
bit Inspire HR tracker (Fitbit Inc., San Francisco,
USA). In addition, the International Physical Activ-
ity Questionnaire will be used to assess physical
activity before, during and after the intervention
period.

Fitbit Inspire HR is a wrist-worn wearable
wireless sensor with an accelerometer record-
ing physical activity throughout the day, which
can synchronise with a smartphone applica-
tion and a computer. Therefore, participants will
be instructed to download the Fitbit app, and
will be asked to wear the Fitbit all day, except
when showering, bathing, and swimming. Par-
ticipants will be instructed to wear the Fitbit on
their non-dominant wrist for one year. In gen-
eral, the Fitbit requires the creation of individ-
ual user accounts to download the stored data
using a Web-based software application. Nev-
ertheless, for the purpose of this study, user
accounts will be created by the study team
which can only be accessed by the researchers.
Physical activity data will be stored on the indi-
vidual accounts of study participants and will
be downloaded of each participant's wearing
period by the study team.

Hamilton depression rating scale

The HAM-D scale was used during the inclu-
sion visit and after the intervention to assess
the prevalence of depression symptoms [21].
The scale predominantly assesses cognitive and
vegetative symptoms, with relatively few items
related to social, motor, anxiety and mood fac-
tors. The 17-item HAM-D was employed in the
present study, each item is scored from 0 to 2 or
from 0 to 4, with total scores ranging from 0 to
52. The following cut-off points were used: = 23 -
very severe depression, 18—22 — severe depres-
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sion, 14-18 — moderate depression 8-13 — mild
depression and < 7 — not depressed [22].

Cognitive assessments

The CANTAB and MoCA tests will be employed in
this study as the primary outcome parameters.
The included tests comprise the following cate-
gories: executive functioning, processing speed,
memory and abbreviated memory. The following
test batteries will be involved in the present study:
Motor Screening Task, Reaction Time, Paired
Associates Learning, Spatial Working Memory,
Pattern Recognition Memory, Delayed Matching
to Sample, Rapid Visual Information Processing.

Neuroimaging protocol

Brain magnetic resonance imaging will be per-
formed on all subjects using a Siemens Skyra 3T
magnetic resonance imaging (MRI) System. The
following MRI sequences will be used in every
examination: 1) T2-weighted (fast-spin echo) and
modified T2-weighted fluid-attenuated inversion
recovery sequence for the detection and locali-
sation of ischaemic lesions; 2) diffusion-weight-
ed with an apparent diffusion coefficient map
for the detection of acute ischaemic focuses; 3)
susceptibility-weighted imaging for identifica-
tion of intracerebral haemorrhagic and micro-
haemorrhagic lesions; 4) 3D angiographic time
of flight sequence for visualisation of blood flow
in intracerebral arterial vessels; 5) T1-weighted
3D spoiled gradient-recalled echo sequence (3D
volumetric sequence) for estimation of total and
segmented brain volume.

Blood collection and biochemical analysis

Blood samples will be collected from the antecu-
bital vein via standard venepuncture performed
by registered staff nurses. The samples will be
taken from the participants after 12-h fasting.
The following blood biomarkers will be measured:
fasting glucose and insulin homeostasis mark-
ers, lipid profile, inflammatory markers (interleu-
kin 6, interleukin 1 receptor type alpha, tumour
necrosis factor-alpha, high-sensitivity C-reactive
protein), as well as neuronal growth and destruc-
tion markers (brain-derived neurotrophic factor,
amyloid B-40, amyloid B-42 ratio and phosphory-
lated Tau protein). Other biochemical and genetic
analyses are planned as optional if further fund-
ing is available.
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Sociodemographic and medical history
questionnaires

Background, place of residence, education, fam-
ily status, and economic status will be assessed
before and after the intervention using a socio-
demographic questionnaire. The participants will
also answer questions regarding lifestyle factors,
including tobacco smoking habits and alcohol
consumption. A medical history questionnaire
will be used to assess the health status of the
study participants and to verify whether the sub-
jects receive any medications or dietary supple-
ments.

Statistical analyses

The STATISTICA (StatSoft, Tulsa, USA) soft-
ware, or equivalent, will be used for the statisti-
cal analysis. A two-sided p-value < 0.05 will be
considered statistically significant. The overall
characteristics of subjects will be expressed as
a mean and SD with 95% confidence interval,
median and interquartile range, or as frequen-
cies and percentages. The outcomes will also
be expressed as changes between the post-
and pre-intervention values (A value at 1 year).
The normality of the variable distribution will be
verified on the basis of the Shapiro-Wilk nor-
mality test. Comparisons between two unpaired
groups will be determined using t-tests or
Mann-Whitney U tests, respectively. The Wil-
coxon test will be used to analyse the statisti-
cal significance of the pre- and post-interven-
tion variables. The above non-parametric tests
will be used, if the data either do not conform to
normality or cannot be normalised by log-trans-
formation. Otherwise, an analysis of covari-
ance will be used to compare the differences
between two groups with the baseline data as
the covariate and the potential confounders
added to the model. Contingency tables will be
used to assess relationships between the cate-
gorical variables. Depending on the data distri-
bution, parametric (Pearson'’s) or nonparamet-
ric tests (Spearman's) will be applied to assess
correlations. Uni- and multivariate logistic
and linear regression analyses will be used to
identify independent determinants of cognitive
functions. Potentially confounding factors from
these univariate analyses will subsequently be
entered in a multivariate linear regression anal-
ysis. In a stepwise multivariate analysis, factors



for inclusion will be set at p < 0.1. In terms of the
categorical variables, dummy variables should
be entered in the linear regression analysis. If
any data are missing, we will assume that they
all follow a multivariate normal distribution and
adopt multiple imputation approaches. There
are no planned interim statistical analyses, or
formal stopping rules with regard to efficacy.
For the main-outcome parameters, a correc-
tion for multiple testing will be applied, unless
a multivariate model can be used which pro-
duces one single test.

Measurable Effects

This study will potentially provide additional
information which allows a more efficient and
precise planning of daily physical activity for MCI
subjects. We expect that the study will produce
exact values for the physical activity intensity
required to protect against cognitive decline. The
study findings might also be useful for developing
first physical activity guidelines aiming to protect
against cognitive impairment.

Expected Results

In the proposed randomised controlled trial,
a 12-month physical activity intervention will be
performed in a group of 198 subjects with MCl and
aged 50-70 years. On the basis of both the cur-
rent literature and new findings, we aim to estab-
lish thresholds of the intensity and frequency of
physical activity which will serve to develop nov-
el physical activity guidelines to protect against
cognitive decline in high-risk adults. We will also
investigate associations between physical activ-
ity, cognitive function, brain volume, and blood
biomarkers. We assume that there are thresholds
of physical activity frequency and intensity, which
improve global cognitive functions in at-risk indi-
viduals, preserving brain volumes and maintain-
ing biomarker levels within the normal limits. The
expected findings will allow us to develop the first
specific, cognitive impairment-focused physi-
cal activity guidelines, which will be effective and
achievable for older subjects. Walking, as a form
of physical activity, is inexpensive, easy to per-
form and protects from other chronic diseases,
such as diabetes, cardiovascular diseases, obe-
sity, and depression. Therefore, a simple physical
activity tracker with a mobile application could
be a helpful tool in increasing compliance.
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