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The PA Protect study investigated the impact of increased daily physical activity on preventing cognitive
decline, and maintaining healthy biomarker levels in individuals with mild cognitive impairment. Participants
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aged 50-70 years, selected based on their performance in the Montreal Cognitive Assessment test were
enrolled in a double-blind randomized controlled trial and randomly assigned to either an active or passive
group. The active group was instructed to achieve over 10,000 daily steps, while the passive group main-
tained usual activity levels. Preliminary findings revealed a positive influence of increased physical activ-
ity on cognitive function, with significant differences observed between the two groups in selected cognitive
tests. Building on these results, this study extends the PA Protect trial for an additional three years. All par-
ticipants will undergo cognitive assessments and biomarker analyses at the beginning and after the extend-
ed intervention period, providing further insights into long-term intervention effects.

Research project objectives

Previously, 198 subjects aged 50-70 years with
mild cognitive impairment (MCI), assessed using
the Montreal Cognitive Assessment (MoCA)
test, were recruited to a double-blind random-
ized controlled trial (PA Protect). Participants
were randomly allocated into two groups: active
and passive. The active group was instructed,
encouraged, and motivated to increase their
physical activity (>10,000 steps/day), while the
passive group was advised to maintain their usu-
al activity levels. All subjects underwent cogni-
tive assessments, neuroimaging, and biomarker
tests before and after the one-year intervention.

The previous study has created a unique oppor-

tunity to extend the period of the observation for

additional three years. This study aims to assess
the effect of prolonged, 4-year increases in daily
physical activity on cognitive decline prevention
in subjects with MCI. We will also evaluate the
effect of physical activity on neurodegenerative
parameters, anthropometric, and densitometric
parameters, body composition, blood pressure,
glucose and insulin homeostasis, lipid metabo-
lism and inflammatory markers. Moreover, we will
investigate the usefulness of mobile applications
to improve compliance with the recommended
physical activity.

The research hypotheses are as follows:

1. Increased physical activity does not affect
cognitive function in subjects with MCI.

2. Increased physical activity does not affect
neurodegenerative parameters in subjects
with MCI.

3. Increased physical activity does not affect
anthropometric parameters in subjects with
MCI.

4. Increased physical activity does not affect
body composition in subjects with MCI.
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5. Increased physical activity does not affect
densitometric parameters in subjects with
MCI.

6. Increased physical activity does not affect
glucose and insulin homeostasis in subjects
with MCI.

7. Increased physical activity does not affect lip-
id metabolism in subjects with MCI.

8. Increased physical activity does not affect
inflammatory markers in subjects with MCI.

9. Increased physical activity does not affect
blood pressure in subjects with MCI.

Basic concept and research plan

Concept overview

As stated by the World Health Organization [1],
the global population of elderly individuals is
steadily growing. This trend is associated with
an increasing occurrence of various conditions,
among which MCI is frequently mentioned. MCI
is a transitional stage between normal cogni-
tive function and dementia, described as a subtle
cognitive decline, while maintaining the ability
to perform everyday tasks [2,3]. The worldwide
prevalence of MCI among individuals aged 50
and older is estimated to be 19.7%, which makes
it rapidly becoming one of the most common
clinical manifestations affecting the elderly [4].
The likelihood of developing MCI rises with age,
is lower among individuals with higher educa-
tion levels, and occurs more frequently in men
[5]. MCI increases the likelihood of progressing
to dementia and Alzheimer's disease (AD) [6].
About 54% of MCI patients eventually develop AD
[7]. The underlying pathological and molecular
mechanisms in individuals with MCI are not yet
clearly defined. Besides age, sex, and education
level, numerous other risk factors can impact



the development of cognitive disorders. Physi-
cal activity level is among these factors. Physical
exercise has been proven to effectively enhance
cognitive performance in older adults, regard-
less of their initial cognitive abilities [8]. Multi-
ple studies, including meta-analyses [9,10], have
demonstrated that regular physical activity pro-
vides protective effects against cognitive decline
by promoting mechanisms such as neurogene-
sis, angiogenesis, synaptic plasticity, increasing
brain volume, and enhancing cognitive function.
Zhao et al. [11] highlighted in their meta-analysis
a significant positive impact of physical activity
on cognition among sedentary elderly individu-
als, particularly those with cognitive impairment.
The effect was more pronounced in studies with
intervention periods exceeding 12 weeks and
involving aerobic training. Conversely, Li et al. [12]
examined the impact of various training types on
cognitive function in older adults with MCI and
observed that strength training improved execu-
tive function and attention, whereas endurance
training showed no significant effect. Huang et
al. [13] reported that resistance training is most
likely the optimal exercise type for mitigating
cognitive decline in individuals with cognitive
dysfunction. For patients with MCI, multicom-
ponent exercise appears to be the most effec-
tive in preserving overall cognitive abilities and
improving executive function. A comprehensive
meta-analysis performed by Smith et al. [14],
encompassing 29 studies, revealed that slow
walking and jogging led to modest yet signifi-
cant improvements in attention, executive func-
tions, and memory processes. Alosco et al. [15]
demonstrated that among older adults with heart
failure, a higher daily step count was associat-
ed with improved attention, executive functions,
memory, and language skills. Oliveira et al. [16]
observed that accelerometer-measured physical
activity has a positive impact on cognition. How-
ever, arecent umbrella review of randomized con-
trolled trials revealed only minor exercise-related
benefits, which were significantly reduced when
accounting for various moderators and became
negligible after adjusting for publication bias
[17]. Despite this, Dougherty et al. [18] found that
older adults at high risk for AD who adhered to
physical activity guidelines (150 minutes of mod-
erate-to-vigorous activity per week) exhibited
larger temporal lobe volumes compared to those

who did not. Regrettably, the current recommen-
dations for physical activity levels are difficult
for older adults to meet [19]. Moreover, current
standards do not provide specific quantitative
guidelines for physical activity levels that could
help prevent cognitive impairment [20]. The aim
of our study is to determine whether a prolonged
4-year intervention, focused on increasing physi-
cal activity levels using physical activity track-
ers integrated with a mobile application, signifi-
cantly improves cognitive function and slows the
progression of cognitive decline in 50-70 years
old adults at risk, compared to a group with no
intervention implemented. We hypothesize that
a sufficiently prolonged intervention focused on
increasing physical activity levels will demon-
strate significant cognitive benefits, contribut-
ing to a slowdown in the progression of cogni-
tive impairments. To support this process, we will
incorporate the use of physical activity trackers
integrated with a mobile application, enabling
continuous activity monitoring. Ultimately, our
intervention leverages advanced tracking tools
to generate novel and objective insights into
the relationship between physical activity and
cognitive function over an extended duration.
Extending the intervention period beyond typical
short-term studies is crucial, as existing research
suggests that cognitive benefits from physical
activity become more pronounced with prolonged
engagement. Many previous studies have been
limited by short observation windows, poten-
tially underestimating the long-term protective
effects of sustained physical activity. By imple-
menting a comprehensive 4-year-long interven-
tion with continuous monitoring, we aim to cap-
ture more nuanced and meaningful changes in
cognitive function that may not be detectable in
shorter studies. We anticipate that this approach
will not only validate the protective role of physi-
cal activity but also highlight effective strategies
for implementing long-term interventions aimed
at mitigating cognitive decline.

Study design

The study was designed as a prospective ran-
domized controlled trial with parallel groups. Ini-
tially, the study was planned to last for one year;
however, with the possibility of additional funding,
a decision was made to extend the intervention
period by an additional three years, enabling an
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assessment of the intervention over a four-year
timeframe. The first year of intervention was
described in the previously published study pro-
tocol [21]. The study protocol was registered in
the German Clinical Trials Register database (reg-
istration no. DRKS00020943, date of last update
23.10.2023) and was updated due to the prolon-
gation of the study for the next three years. The
study protocol has been prepared following the
Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) guidelines [22,23].

Ethical issues

The present study is conducted in accordance
with the guidelines outlined in the Declaration
of Helsinki. The study protocol was approved
by the Bioethics Committee of Poznan Univer-
sity of Medical Sciences (refs. no. 813/23, date:
12.10.2023). Informed, written consent for further
participation in the study and for data process-
ing was obtained from all study participants, who
agreed to continue the study. The previously pub-
lished study protocol comprehensively described
all aspects of participant data management,
including data collection methods, personal data
protection, participant rights, data storage dura-
tion, and potential protocol modifications [21].
At this stage, data will be collected online in the
REDCap (Leavenworth, Omaha, NE) database.
All questionnaires will be completed and entered
into the online database during visits.

Study population

Previously, 198 subjects with MCI, aged 50-70
years old, were recruited to the study PA Protect.
Inclusion and exclusion criteria were described in
detail in the previous protocol from the first stage
of the study [21].

At the beginning of the study, the participants
were randomly assigned (1:1 allocation ratio) into
two groups: active (Group A) and passive (Group
P). The A group contained n = 98 participants and
the P group contained n = 100 participants. Partic-
ipants were evenly assigned to one of two groups,
passive or active, as determined by the random-
ization code. The recruitment and randomization
procedures were described in the original proto-
col from the first phase of the study [21].

The first phase of the study was successful-
ly completed by 187 participants — 93 from the
A group and 95 from the P group. All individuals
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who completed the study will be invited by the
research team to take part in its continuation. It
was anticipated that approximately 130 partici-
pants (69.5%) would consent to continue their
involvement in the extended phase of the study;
however, ultimately only 115 individuals agreed to
continue the study.

Intervention

Individuals who decided to continue their par-
ticipation in the study will remain in the group to
which they were originally assigned and will be
asked to follow the recommendations provided at
the beginning of the study. From group A, 53 par-
ticipants decided to continue participation in the
study, and from group P, 54 participants agreed
to continue their involvement.

Consistent with the approach taken during
the first phase of the study, throughout the fur-
ther intervention, participants will be asked to
keep their current diet and medication regimen
unchanged. Any changes in medication or health
status should be reported to the research team via
phone or email. The main measurements (cogni-
tive functions assessed by MoCA test, neurode-
generative markers, glucose and insulin metab-
olism, lipid metabolism, inflammatory markers,
anthropometric parameters, body composition,
densitometric parameters, and blood pressure)
will be performed before the second year of inter-
vention and after the intervention period, while
physical activity via Garmin Vivosmart 5 tracker
(Garmin Inc., Olathe, KS, USA) will be monitored
continuously throughout the study. Participants
will also complete an IPAQ, health status, medi-
cations, smoking habits, alcohol use, profession
and education questionnaires at the beginning
and at the end of the intervention period. At the
end of the intervention, cognitive functions mea-
sured by the CANTAB test will be assessed as
well. The scheduled survey plan (Gantt's chart), is
presented in Figure 1.

Adherence to intervention

Adherence to the intervention will be monitored
by the dietitians using daily step count data col-
lected from Garmin devices. Vivosmart 5 trackers
will be connected with the Garmin Connect app,
dedicated to tracking physical activity with more
advanced data (e.g. Body Battery, stress level,
etc.) for review by participants, which include
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Figure 1. Gantt's chart.

metrics such as daily step count, distance trav-
eled, estimated energy expenditure, sedentary
time, and minutes spent in low, moderate, and
high-intensity activities, as well as sleep patterns.
Daily step count data will be automatically synced
to the participant's account and accessed by the
research team through an application program-
ming interface (API). The information collected
from the Garmin device will provide an objective
measure of adherence throughout the intervention
period. Group P will have all notifications from the
Garmin Connect app regarding increased physical
activity turned off to avoid disrupting the repre-
sentation of their current activity level. In Group A,
a reminder will be enabled in the app settings to
help participants meet the goal established at the
beginning of the study. If the step requirements
are still not met in this group, a phone call will
be made to remind them about physical activity.
To further enhance adherence, scheduled phone
calls will be made to review compliance with
physical activity recommendations. Participants
will also have the option to request additional
support calls if needed. If participants experi-
ence a medical problem or a situation that affects
adherence to step count guidelines, the research
team is informed and records all events. If a par-
ticipant withdraws from the study, no further data
will be collected from that individual.

Research methodology

Primary outcomes
Changes (A before — after) in cognitive function
parameters and neurodegenerative markers will

serve as primary outcomes. Data collection will
take place at the Department of Pediatric Gastro-
enterology and Metabolic Diseases, Poznan Uni-
versity of Medical Sciences.
Cognitive assessments: Cognitive function will
be assessed using the MoCA test and the Cam-
bridge Neuropsychological Test Automated Bat-
tery (CANTAB). Following tests: Motor Screening
Task (MOT), Reaction Time (RTI), Paired Asso-
ciates Learning (PAL), Spatial Working Memo-
ry (SWM), Pattern Recognition Memory (PRM),
Delayed Matching to Sample (DMS), Rapid Visual
Information Processing (RVP) will be used.
Blood collection: Blood samples (approxi-
mately 15 ml) will be obtained through stan-
dard venopuncture from the antecubital vein by
licensed staff nurses or phlebologists. The blood
collection will occur after a 12-hour fasting peri-
od. Blood will be collected by a commercial labo-
ratory (Diagnostyka, Poznan, 77a Dabrowskiego
Street), which performs part of the lab tests.
Neurodegenerative markers: The neurodegenera-
tive parameters to be evaluated are beta-amyloid
1-40 and 1-42, total tau protein, and brain-de-
rived neurotrophic factor (BDNF). Blood samples
will be collected by a commercial laboratory, while
biochemical analyses will be carried out using
ELISA kits in the Laboratory of the Department
of Pediatric Gastroenterology and Metabolic Dis-
eases at Poznan University of Medical Sciences:
Amyloid-beta (1-40) ELISA, IBL; Amyloid-beta
(1-42) ELISA, IBL, Human Tau proteins ELISA kit,
Cusabio; Human Free BDNF Quantikine ELISA Kit,
R&D Systems.

MoCA test and neurodegenerative markers will
be evaluated after the first year of the intervention
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and after the intervention period. CANTAB test will
be assessed after the intervention period.

Secondary outcomes

Secondary outcomes will include changes in bio-
chemical parameters (glucose, insulin and lipid
metabolism, inflammatory markers), anthro-
pometric measurements, body composition
and densitometric parameters, blood pressure
assessment.

Biochemical analysis: The study will evaluate
a range of other biochemical parameters, includ-
ing fasting glucose, insulin, total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG) and inflammatory markers —
high-sensitivity C-reactive protein (hs-CRP). All
these parameters will be analyzed in a commer-
cial laboratory.

Anthropometric measurements: Key anthro-
pometric parameters, including height, weight,
hip and waist circumferences, will be measured
at the beginning and at the end of the extended
intervention period. Body mass index (BMI) will
be determined using the recorded height and
weight data and waist-to-hip ratio (WHR) will be
calculated using the measured hip and waist cir-
cumferences.

Body composition and densitometric parameters:
Body composition (fat and free fat mass) and
densitometric parameters (bone mineral density
and content at the lumbar spine (L1-L4)) will be
evaluated through dual-energy X-ray absorpti-
ometry methods, utilizing the Hologic Discovery
analyser (Bedford, Massachusetts, USA) before
and after the extended intervention period.

Blood pressure: Blood pressure will be assessed
before blood sample collection, adhering to the
protocols established by the European Society of
Hypertension (2021) [24]. Blood pressure will be
measured on the arm at heart level and recorded
as the average of three measurements for both
systolic and diastolic pressure.

Assessment of dietary habits: Dietary habits and
food group intake will be assessed during and
after the extended intervention, using the Dietary
Habits and Nutrition Beliefs Questionnaire (Kom-
PAN) [25], created by the Behavioural Conditions
of Nutrition Team from the Committee of Human
Nutrition Science of the Polish Academy of Sci-
ences. The main objective of assessing par-
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ticipants' dietary behaviors is to verify whether
changes in dietary patterns are a variable affect-
ing the obtained results in given individuals.
Physical activity: Physical activity will be mea-
sured objectively using the Garmin Vivosmart 5
tracker (Garmin Inc., Olathe, KS, USA) and sub-
jectively through the Polish version of Interna-
tional Physical Activity Questionnaire (IPAQ)
[26]. Previously, a Fitbit Inspire HR device (Fitbit
Inc., San Francisco, CA, USA) was used; however,
due to changes in Fitbit's privacy policy and the
merger of Fitbit accounts with Google accounts,
patient data management became challeng-
ing. Therefore, it was decided to choose another
wristband model. Garmin Vivosmart 5 tracker is
a wrist-mounted wireless device equipped with
an accelerometer that monitors physical activ-
ity continuously throughout the day and can
seamlessly synchronize with both smartphone
applications and computers. Participants will
be instructed to wear the Garmin device all day
long, except showering, bathing or swimming, on
their non-dominant wrist for the duration of three
years. The Garmin Connect app will be installed
on their smartphones, and individual anonymous
Garmin Connect accounts will be created to facili-
tate data download. Participants will be reminded
toregularly synchronize and charge their trackers.
If a Garmin remains unsynchronized for a week,
study staff will contact the participant to assist
with synchronizing or provide technical support.
Data on sedentary behavior, light, moderate, and
vigorous activity, as well as steps taken, distance
covered, and calories burned, will be collected.
Sociodemographic questionnaire: A sociode-
mographic questionnaire will be used to collect
details about participants’ backgrounds, includ-
ing their place of residence, education level, fam-
ily status, and financial situation. Furthermore,
the questionnaire will inquire about lifestyle fac-
tors such as smoking habits and alcohol use.
Minimum sample size calculation: The minimum
required sample size was determined using pre-
liminary study (n = 152) findings and calculated
with G*Power 3.1 software (University of Kiel,
Kiel, Germany). Results were obtained from the
MoCA and SWM tests. Preliminary outcomes are
presented in Table 1. Based on the current trend,
the study needed to include at least 94 partici-
pants to achieve statistical significance (a = 0.05,
B=0.2).



Table 1. Preliminary (n = 152) outcomes of changes in cognitive test results (A) after one year of intervention.

Active group (n = 76)

Passive group (n = 76) p

Median (Q1 - Q3)

A MOCA [points] 1(0-3) 0(2-2) 0.0197
A SWMBE468 -3(-8-1) 0(-5-6) 0.0312
A SWMBE6 1(-4-0) 0(2-2) 0.0061
Statistical analysis: The detailed statistical Data loss (low risk): Study data will be directly

analysis methodology was comprehensively
described in the previous project documenta-
tion [21]. Key analytical approaches will include
descriptive statistics, normality testing, appropri-
ate parametric or non-parametric tests based on
data distribution, regression models, and multiple
imputation methods for handling missing data.
A two-tailed p-value of < 0.05 will be considered
statistically significant.

Risk analysis: The following challenges were
identified as potential factors influencing the
study's feasibility:

Recruitment challenges (low risk): Partici-
pants from the PA Protect study will be invited to
extend their involvement for an additional three
years. Approximately 107 (54.04%) are willing to
continue their participation.

Adherence to the intervention (moderate risk):
Initial observations during the first year showed
strong adherence among most participants.
However, individuals with lower adherence levels
have expressed limited interest in continuing the
intervention for another year.

Drop-out rate (moderate risk): The longer
duration of the intervention may lead to a slight-
ly higher drop-out rate compared to studies with
shorter time frames.

Collaboration with external partners (low
risk): Biochemical analyses will be outsourced to
a large, reliable commercial laboratory, reducing
the risk of delays or complications. Alternative
laboratories are available to provide similar ser-
vices at comparable costs if needed.

Rising costs (moderate risk): Unstable market
conditions and inflation could drive up the costs
of materials and services, potentially affecting
the project's financial feasibility.

Equipment availability (low risk): The Depart-
ment of Pediatric Gastroenterology and Metabolic
Diseases is fully equipped to perform all planned
assessments, ensuring no equipment-related
delays.

entered into the RedCap tool (Seattle, WA, USA),
which provides secure and reliable data storage.
The likelihood of data loss is minimal.

Measurable effects

Preliminary results from this study showed
a promising effect of increasing physical activity
on improving cognitive functions. Its prolongation
may reveal differences between groups observed
after the completion of the first phase of the
study and offer valuable insights for optimizing
and tailoring daily physical activity recommenda-
tions for individuals with MCI. We anticipate that
the research will yield precise data on the inten-
sity of physical activity needed to mitigate cogni-
tive decline. The findings could also contribute to
define desirable activity recommendations spe-
cifically designed to address this population's
needs.

Expected results

This randomized controlled trial will involve an
additional 3-year physical activity intervention
targeting 115 individuals with MCI. Drawing on
existing research and new data, the study aims
to determine the optimal intensity and frequency
of physical activity necessary to develop innova-
tive guidelines for preventing cognitive decline
in high-risk adults. Additionally, the study will
explore the relationships between long-term
physical activity, cognitive performance, and
blood biomarkers. We hypothesize that specif-
ic thresholds of physical activity frequency and
intensity can enhance overall cognitive function
in at-risk individuals, and maintain biomarkers
within normal ranges. The anticipated results will
inform the creation of the first tailored physical
activity guidelines focused on cognitive impair-
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ment, designed to be both effective and practi-
cal for older adults. Walking, as an accessible
and affordable form of exercise, offers the added
benefit of reducing the risk of other chronic con-
ditions such as diabetes, cardiovascular disease,
obesity, and depression.

Study strengths and limitations

Strengths

The main strength of this study is its extended
four-year intervention period, which represents
one of the longest randomized controlled tri-
als investigating the impact of increased physi-
cal activity on cognitive function in subjects with
MCI. The study's design allows for comprehen-
sive assessment of both cognitive and physio-
logical outcomes through standardized tools and
objective measurements. The use of wearable
devices provides accurate, continuous monitoring
of physical activity levels, while the mobile appli-
cation offers a practical method for improving
intervention adherence. The study benefits from
the continuation of the previously established
phase, allowing for longitudinal assessment of
intervention effects. Additionally, the broad range
of measured parameters, including neurodegen-
erative markers, metabolic parameters, and body
composition, enables a thorough understanding
of the multisystemic effects of increased physi-
cal activity in 50—70-years old subjects with MCI.

Limitations

Several limitations should be considered when
interpreting the study results. The study popula-
tion consists of individuals with MCI, which may
limit the generalizability of the findings to popu-
lations with more severe cognitive impairments,
such as dementia or Alzheimer's disease. Tech-
nical difficulties with smartphones or tracking
devices may impact participants’ ability to con-
sistently follow physical activity recommenda-
tions and affect intervention adherence. The
change in activity tracking devices from Fitbit to
Garmin between study phases may affect data
consistency, although both devices provide com-
parable basic metrics. Participants' awareness of
their group allocation could potentially influence
their behavior and the study outcomes.

Journal of Medical Science 2025 March;94(1)

Acknowledgements

Contributors

Conceptualization, M.J., K.H.H. & JW..; methodology,
M.J. & JW,; software, M.J. & J.K.N.; formal analysis, M.J.;
investigation, AM.A.,M.J.,K.K,, AM.B&, J.B.; resources,
J.W.; writing—original draft preparation, AM.A,, M.J. &
J.W.; writing—review and editing, K.K., AM.B., J.B., AD,,
J.G.,, EM.,, JKIN. & K.H.H.; visualization, A.M.A.; super-
vision, M.J. & J.W.; project administration, M.J.; funding
acquisition, JW. All authors have read and agreed to the
published version of the manuscript.

The authors would like to express their sincere grati-
tude to Mr. Radostaw Weresa for his invaluable assis-
tance in organizing and facilitating the data collection
process from Garmin via the API.

Conflict of interest statement
The authors declare no conflict of interest.

Funding

This research was funded by the National Science Cen-
tre (Twardowskiego Str. 16, 30—312 Krakéw, Poland,
https://ncn.gov.pl, telephone: +48 532 082 239, fax:
+48 12 341 90 99, e-mail: biuro@ncn.gov.pl, NIP:
6762429638, REGON: 121361537), grant number UMO-
2023/50/0/NZ7/00539. The sponsor and study partici-
pants were not involved in the study design and will not
be involved in data collection, management, analysis,
or interpretation, the preparation of the report, or the
decision to submit it for publication.

References

1. Ageing and health n.d. https://www.who.int/
news-room/fact-sheets/detail/ageing-and-health
(accessed December 11, 2024).

2. Practice guideline update summary: Mild cogni-
tive impairment: Report of the Guideline Develop-
ment, Dissemination, and Implementation Sub-
committee of the American Academy of Neurol-
ogy. Neurology. 2018;90(3):126-135. doi: 10.1212/
WNL.0000000000004826.

3. Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jel-
ic V, Fratiglioni L. Mild cognitive impairment: a con-
cept in evolution. J Intern Med 2014;275:214-28. doi:
10.1111/joim.12190.

4. Song W, Wu W, Zhao Y, Xu H, Chen G, Jin S, Chen J,
Xian S, Liang J. Evidence from a meta-analysis and
systematic review reveals the global prevalence of
mild cognitive impairment. Front Aging Neurosci
2023;15:1227112. doi: 10.3389/fnagi.2023.1227112.

5. Bai W, Chen P, Cai H, Zhang Q, Su Z, Cheung T, Jack-
son T, Sha S, Xiang Y-T. Worldwide prevalence of mild
cognitive impairment among community dwellers
aged 50 years and older: a meta-analysis and sys-
tematic review of epidemiology studies. Age Ageing
2022;51. doi: 10.1093/ageing/afac173.

6. Roberts RO, Knopman DS, Mielke MM, Cha RH, Pank-
ratz VS, Christianson TJH, Geda YE, Boeve BF, Ivnik RJ,
Tangalos EG, Rocca WA, Petersen RC. Higher risk of
progression to dementia in mild cognitive impairment



10.

11.

12.

13.

14.

15.

16.

cases who revert to normal. Neurology 2014;82:317—
25. doi: 10.1212/WNL.0000000000000055.

. Liu S, Yang Y, Wang K, Zhang T, Luo J. A study

on the impact of acute exercise on cognitive
function in Alzheimer's disease or mild cogni-
tive impairment patients: A narrative review. Ger-
iatric  Nursing 2024;59:215-22. doi: 10.1016/j.
gerinurse.2024.06.019.

. Northey JM, Cherbuin N, Pumpa KL, Smee DJ, Rat-

tray B. Exercise interventions for cognitive func-
tion in adults older than 50: a systematic review with
meta-analysis. Br J Sports Med 2018;52:154-60. doi:
10.1136/bjsports-2016-096587.

. Strohle A, Schmidt DK, Schultz F, Fricke N, Staden

T, Hellweg R, Priller J, Rapp MA, Rieckmann N. Drug
and Exercise Treatment of Alzheimer Disease and
Mild Cognitive Impairment: A Systematic Review
and Meta-Analysis of Effects on Cognition in Ran-
domized Controlled Trials. The American Journal of
Geriatric Psychiatry 2015;23:1234-49. doi: 10.1016/j.
jagp.2015.07.007.

Rasmussen P, Brassard P, Adser H, Pedersen MV,
Leick L, Hart E, Secher NH, Pedersen BK, Pilegaard
H. Evidence for a release of brain-derived neuro-
trophic factor from the brain during exercise. Exper-
imental Physiology 2009;94:1062-9. doi: 10.1113/
expphysiol.2009.048512.

Zhao Y, Li Y, Wang L, Song Z, Di T, Dong X, Song X,
Han X, Zhao Y, Wang B, Cui H, Chen H, Li S. Physi-
cal Activity and Cognition in Sedentary Older Adults:
A Systematic Review and Meta-Analysis. JAD
2022;87:957-68. doi: 10.3233/JAD-220073.

LiH, SuW, Dang H,Han K, Lu H, Yue S, Zhang H. Exer-
cise Training for Mild Cognitive Impairment Adults
Older Than 60: A Systematic Review and Meta-
Analysis. JAD 2022;88:1263-78. doi: 10.3233/JAD-
220243.

Huang X, Zhao X, Li B, Cai Y, Zhang S, Wan Q, Yu F.
Comparative efficacy of various exercise interven-
tions on cognitive function in patients with mild
cognitive impairment or dementia: A systematic
review and network meta-analysis. Journal of Sport
and Health Science 2022;11:212-23. doi: 10.1016/j.
jshs.2021.05.003.

Smith PJ, Blumenthal JA, Hoffman BM, Coop-
er H, Strauman TA, Welsh-Bohmer K, Browndyke
JN, Sherwood A. Aerobic Exercise and Neuro-
cognitive Performance: A Meta-Analytic Review
of Randomized Controlled Trials. Psychoso-
matic Medicine 2010;72:239-52. doi: 10.1097/
PSY.0b013e3181d14633.

Alosco ML, Brickman AM, Spitznagel MB, Sweet LH,
Josephson R, Griffith EY, Narkhede A, Hughes J, Gun-
stad J. Daily Physical Activity Is Associated with Sub-
cortical Brain Volume and Cognition in Heart Failure.
J Int Neuropsychol Soc 2015;21:851-60. doi: 10.1017/
S1355617715000697.

Oliveira JJD, Ribeiro AGSV, De Oliveira Silva JA,
Barbosa CGR, Silva ADSE, Dos Santos GM, Ver-
lengia R, Pertille A. Association between physi-
cal activity measured by accelerometry and cog-
nitive function in older adults: a systematic review.

7.

18.

19.

20.

21.

22.

23.

24.

Aging & Mental Health 2023;27:2089-101. doi:
10.1080/13607863.2023.2248477.

Ciria LF, Roman-Caballero R, Vadillo MA, Holga-
do D, Luque-Casado A, Perakakis P, Sanabria D. An
umbrella review of randomized control trials on the
effects of physical exercise on cognition. Nat Hum
Behav 2023;7:928-41. doi: 10.1038/s41562-023-
01554-4.

Dougherty RJ, Schultz SA, Kirby TK, Boots EA, Oh
JM, Edwards D, Gallagher CL, Carlsson CM, Bend-
lin BB, Asthana S, Sager MA, Hermann BP, Christian
BT, Johnson SC, Cook DB, Okonkwo OC. Moderate
Physical Activity is Associated with Cerebral Glucose
Metabolism in Adults at Risk for Alzheimer's Disease.
JAD 2017;58:1089-97. doi: 10.3233/JAD-161067.
Hagstromer M, Oja P, Sjostrom M. Physi-
cal Activity and Inactivity in an Adult Population
Assessed by Accelerometry. Medicine & Science
in Sports & Exercise 2007;39:1502-8. doi: 10.1249/
mss.0b013e3180a76de5.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman
MP, Cardon G, Carty C, Chaput J-P, Chastin S, Chou R,
Dempsey PC, DiPietro L, Ekelund U, Firth J, Frieden-
reich CM, Garcia L, Gichu M, Jago R, Katzmarzyk PT,
Lambert E, Leitzmann M, Milton K, Ortega FB, Ranas-
inghe C, Stamatakis E, Tiedemann A, Troiano RP, Van
Der Ploeg HP, Wari V, Willumsen JF. World Health
Organization 2020 guidelines on physical activity and
sedentary behaviour. Br J Sports Med 2020;54:1451—
62. doi: 10.1136/bjsports-2020-102955.

Jamka M, Makarewicz A, Wasiewicz-Gajdzis M, Bry-
lak J, Wielinska-Wisniewska H, Pawlak Z, Nowak
JK, Herzig K-H, Madry E, Walkowiak J. App-assured
essential physical activity for the prevention of cog-
nitive decline: changing paradigms in public health
— a study protocol for a randomised controlled tri-
al: A study protocol of the PA PROTECT study. JMS
2021:e530. doi: 10.20883/medical.e530.

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A,
Gotzsche PC, Krleza-Jeri¢ K, Hrobjartsson A, Mann H,
Dickersin K, Berlin JA, Doré CJ, Parulekar WR, Sum-
merskill WSM, Groves T, Schulz KF, Sox HC, Rock-
hold FW, Rennie D, Moher D. SPIRIT 2013 Statement:
Defining Standard Protocol Items for Clinical Trials.
Ann Intern Med 2013;158:200. doi: 10.7326/0003-
4819-158-3-201302050-00583.

Chan A-W, Tetzlaff JM, Gotzsche PC, Altman DG,
Mann H, Berlin JA, Dickersin K, Hrobjartsson A,
Schulz KF, Parulekar WR, Krleza-Jeric K, Laupa-
cis A, Moher D. SPIRIT 2013 explanation and elabo-
ration: guidance for protocols of clinical trials. BMJ
2013;346:e7586-€7586. doi: 10.1136/bmj.e7586.
Stergiou GS, Palatini P, Parati G, O'Brien E, Janusze-
wicz A, Lurbe E, Persu A, Mancia G, Kreutz R, on
behalf of the European Society of Hypertension
Council and the European Society of Hypertension
Working Group on Blood Pressure Monitoring and
Cardiovascular Variability. 2021 European Socie-
ty of Hypertension practice guidelines for office and
out-of-office blood pressure measurement. Jour-
nal of Hypertension 2021;39:1293-302. doi: 10.1097/
HJH.0000000000002843.

Journal of Medical Science 2025 March;94(1)

77



78

25. Jezewska-Zychowicz M, Gawecki J, Wadotowska

L, Czarnocinska J, Galinski G, Kotajtus-Dotowy
A, Roszkowski W, Wawrzyniak A, Przybytowicz K,
Krusinska B, Hywrysz |, Stowiriska M, Niedzwiedzka
E. Kwestionariusz do badania pogladéw i zwycza-
jow zywieniowych dla oséb w wieku od 16 do 65 lat,
wersja 1.2 [Beliefs and eating habits questionnaire
for subjects aged 16 to 65, version 1.2.]. In: Gawecki J,
editor. Kwestionariusz do badania pogladéw i zwyc-
zajow zywieniowych oraz procedura opracowania

Journal of Medical Science 2025 March;94(1)

26

danych [Beliefs and eating habits questionnaire and
the data processing procedure], Warszawa: Komitet
Nauki o Zywieniu Cztowieka Polskiej Akademii Nauk;
2014, p. 21-33.

. Craig CL, Marshall AL, Sjostrom M, Bauman AE,

Booth ML, Ainsworth BE, Pratt M, Ekelund U, Yngve
A, Sallis JF, Oja P. International physical activi-
ty questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc. 2003 Aug;35(8):1381-95. doi:
10.1249/01.MSS.0000078924.61453.FB.



