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Abstract

Alzheimer’s disease is a neurodegenerative disorder that is characterized by cognitive decline and other
pathological hallmarks, such as amyloid-beta and tau pathology, and cholinergic dysfunction. As
pharmacological treatment targeting these hallmarks is limited, different lifestyle interventions are
proposed, such as diet, physical activity, and social support. This thesis investigates the effect of
different intensities of physical activity on cognitive decline associated with Alzheimer’s disease. All
intensities of physical activity appear to have beneficial effects on cognition compared to a sedentary
lifestyle. Analysis of low, moderate, and vigorous physical activity intensities reveal that moderate to
vigorous physical activity intensity enhances neuroprotection through a variety of possible mechanisms,
including improving cerebral blood flow and synaptic plasticity. Low to moderate physical activity
intensity has shown direct effects on cognition. As the studies have limitations in their design, it remains
difficult to causally link the intensity of physical activity to the observed changes in cognitive
performance. Further research is required for elucidating the mechanism of the effect of different
intensities of physical activity on cognitive markers related to Alzheimer’s disease.

Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that affects cognition and
behavior. AD is the most common cause of dementia, accounting for 60-80% of the cases (Alzheimer’s
Association, 2023). The estimated total global healthcare costs for the treatment of AD patients in 2019
is estimated to be around $305 billion USD, with an estimated 18.6 billion hours of unpaid care by
informal caregivers (Wong, 2020). The number of patients is calculated to be around 24 million people
worldwide in 2020, expected to increase fourfold by 2050 (Dos Santos Picanto et al., 2018).

AD is characterized by a decline in cognitive abilities and a specific neuropathology in the brain, which
is loss of neuronal synapses and pyramidal neurons (Francis et al., 1999). There are multiple hypotheses
on the origin of AD, of which most include two key pathological hallmarks; the accumulation of
amyloid beta of amyloid-beta (AP) protein and neurofibrillary (tau) tangles (NFT). Other features
include an inflammatory response in the brain, oxidative stress, and microglial activation
(Amelimojarad et al., 2024).

Multiple risk factors have been discovered, such as gender, sustained head injury, age-related changes
in the brain, genetic factors, environmental factors, vascular disease, infections, and lifestyle factors
(Breijyeh & Karaman, 2020). However, the underlying cause of the associated pathological changes in
AD (AP, NFTs, synaptic loss) remains elusive, and therefore, no generally accepted hypothesis for AD
has been established yet.

Pharmacological treatments have shown limited impact on slowing the disease progression and no
pharmacological prevention or cure has been discovered yet. Growing evidence supports that lifestyle
interventions may play a crucial role in reducing the risk, as well as delaying the onset of AD (Bhatti et
al., 2020). Among lifestyle interventions that have emerged as effective strategies are physical activity
(PA) and a healthy diet, which are thought to reduce AP accumulation and to positively affect
neuroplasticity. These interventions are becoming increasingly recognized to function as a preventative
initiative and as a complementary intervention to existing pharmacological treatments (ADEAR, 2023).
Rodent models have provided a causal explanation for how physical activity inhibits AD-related
cognitive decline via different pathways (Wan et al., 2024; Garcia-Mesa et al., 2011). In humans,
however, this direct causality lacks evidence.
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Despite extensive research has shown the general benefits of physical activity on AD related pathology
development and symptoms, there remains a gap in understanding how different intensities of PA have
different effect-mechanisms on AD related symptoms, and in specific, cognitive decline. This review
explores how different intensities of PA affect AD-related cognitive decline, and how these findings
can be incorporated in AD treatment. To address this question, the possible mechanisms of PA on
cognition and health in general will be discussed. The effects on cognitive performance induced by
different intensities of PA will be analyzed. Possible mechanisms will be elucidated, providing
implications for future research and possible treatment options.

1. Alzheimer’s Disease Background

Ia. Pathology of Alzheimer’s Disease

AD pathology is mainly characterized by two types of neuropathological changes. The first
neuropathological change is the accumulation of neurofibrillary tangles, AP plaques, dystrophic
neurites, neutrophil threads, and other deposits. The second main neuropathological change is atrophy
due to neural, neuropil, and synaptic loss (Figure 1). There are other factors involved that cause
neurodegeneration as well, such as injury of cholinergic neurons, oxidative stress, and
neuroinflammation (Breijyeh & Karaman, 2020). AD initially damages the neural connections in the
entorhinal cortex and hippocampus, which are areas that are involved in memory. At later stages, the
disease also affects areas in the cerebral cortex, which are responsible for language, social behavior,
and reasoning. Eventually, AD spreads throughout many other areas in the brain, which will result in
loss of ability to function independently. Ultimately, the disease is fatal (Scheltens et al., 2021).
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Figure 1: The physiological changes induced by AD. A comparison between the brain and neurons of a (a) healthy brain and
a (b) AD brain. AD is characterized by atrophy and accumulation of AP plaques and NFTs (Breijyeh & Karaman, 2020).
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Hypotheses of Alzheimer’s Disease

Several hypotheses have been proposed as an explanation for the neurodegenerative mechanisms
that induce cognitive decline, of which 3 are widely accepted. The Amyloid Cascade Hypothesis is
a widely accepted theory that proposes that the main cause of cognitive symptoms related to AD is
the accumulation of AP plaques in the brain. A is the product of the cleavage of amyloid precursor
protein (APP), which yields either one of the two isoforms A4 or APso. APz is known to be more
prone to aggregation and is therefore associated with AD. The buildup of AB plaques triggers a
cascade of inflammatory responses, activation of immune cells (e.g., microglia), synaptic and
neuronal injury, hyperphosphorylation of tau, and neuronal dysfunction as well as cell death
(Barage & Sonawane, 2015). The Tau Hypothesis suggests that tau proteins, which usually function
as stabilizers for microtubules in neurons, become hyperphosphorylated, which causes loss of
support of microtubule structure (Agarwal et al., 2020). This results in microtubule destabilizing,
as well as aggregation of tau into NFTs. NFTs cause loss of function and degeneration of neurons
by disrupting the neurons intracellularly (Barghorn et al., 2004). The Cholinergic Hypothesis states
that the neurotransmitter acetylcholine (ACh), which is involved in learning and memory formation,
is reduced, as well as a decline in enzymes that are involved in ACh production and degradation.
These lowered levels are linked to memory impairment, which also contributes to the cognitive
decline that is observed in AD (Chen., 2022).

Ib. Risk Factors for Alzheimer’s Disease

As AD is a complex and multifactorial condition, multiple risk factors contribute to the timing of onset
and the development of AD. While the direct cause of AD remains elusive, several risk factors have
been identified already in extensive research. Understanding these risk factors may allow better
prevention and treatment options (Zhang et al., 2021).

The most prominent risk factor for AD is age, as aging contributes to biological processes, such as a
higher oxidative stress, mitochondrial dysfunction, and inflammation. These three processes play a
significant role in the development of AD (Hou et al., 2019). Aging accounts for more than 95% of the
AD cases (Liu, 2022).

Another risk factor for developing AD is a genetic predisposition. The most common variant is the
apolipoprotein E (APOE) gene, and in particular the APOE &4 allele. Carrying one copy of this allele
increases risk by approximately 3 times and homozygotes with two copies have 10-15 times higher risk.
Carrying this allele, however, is not causally related to AD development, as other factors also affect the
development (Farrer et al., 1997). A genetic variant that does result in AD in almost all cases, are in
the presenilin 1 (PSEN1) gene, presenilin 2 (PSEN2) gene, or in the amyloid precursor protein (APP)
gene, which are dominantly autosomally inherited. These gene mutations are involved in APP synthesis
and proteolysis, which lead to excessive production of AP (Perkovic & Pivac, 2019). Aside from these
gene mutations, there seems to be another risk factor that is related to genetics, as those who have family
members that are diagnosed with AD, also have a higher risk of being diagnosed. This could be due to
genetics, as well as to environmental and lifestyle factors that might be adopted (Loy et al., 2014).
Gender is also considered a risk factor, as women have a higher likelihood of developing AD than men,
with 60% of the AD patients being female (Mosconi et al., 2021). This might be explained by the drop
in estrogen levels after menopause, which is thought to be linked to AP accumulation rates (Yue et al.,
2005).
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There are several lifestyle and environmental factors involved that contribute to the development and
progression of AD. These factors include cardiovascular health, which is thought to be essential for
maintaining brain health by supplying oxygen to the brain, and diabetes, which is another cardiovascular
risk factor that can cause insulin resistance in the brain, which is in turn related to AP and tau
accumulation, and neuroinflammation (Pugazhenthi et al, 2016).

PA is beneficial for cognitive function and brain plasticity. A sedentary lifestyle is therefore associated
with an increased risk of AD. Physical activity has also been demonstrated to reduce Ap levels, while
promoting the release of neurotrophic factors that enhance neuronal health (Iso-Markku et al., 2022;
Hillman et al., 2008). Other lifestyle factors include diet, sleep, smoking, alcohol use, and head injury
(Stefaniak et al., 2022; Irwin & Vitiello, 2019; Orgeta et al., 2019).

These studies highlight how AD is a multifaceted disorder where both genetic and environmental factors
play a role. Whereas certain risk factors are not modifiable (e.g., age and genetics), factors such as diet
and physical activity are. Therefore, when designing new preventative strategies for AD, these factors
should be further investigated.

Amyloid-Beta & Cognitive Decline

The accumulation of AP plaques in the brain is thought to disrupt synaptic transmission and to
decrease neuronal plasticity, which both are involved in learning and memory formation. AP plaques
can also contribute to the dysfunction of mitochondria, and therefore to the overproduction of reactive
oxygen species (ROS). This process results in oxidative stress, which is involved in acute and chronic
pathologies in the brain, and has been proposed to facilitate the secretion of AP (Reddy & Beal,
2008). Both animal and human studies have already shown a direct relationship between A
accumulation and the degree of cognitive decline (Poon et al., 2020; ,Mormino & Papp, 2018).
Therefore, it is thought that interventions that target Ap accumulation may reduce its harmful effects
and preserve cognition. Such interventions might therefore slow down the progression of AD.
However, the relation between AP accumulation and cognitive performance is still under debate, and
it remains unclear whether A accumulation causes the cognitive symptoms, or is simply a result of
AD (Struble et al., 2011).

11. Physical Activity as a Neuroprotective Intervention

Ila. General Benefits of Physical Activity

PA has already been established to have beneficial effects for overall health by improving
cardiovascular fitness, musculoskeletal strength, and metabolic regulation (Ruegsegger & Booth,
2018). Aside from systemic effects, exercise has also been discovered to have great neuroprotective
effects by enhancing brain plasticity, promoting neurogenesis, and increasing the production of brain-
derived neurotrophic factor (BDNF), which promotes synaptic plasticity (Cotman et al., 2007). PA also
improves cerebral blood flow, reduces systemic inflammation, and provides more oxygen supply to
the brain (Hu et al., 2024).
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11Ib. Physical Activity-induced Neuroprotection & Cognitive Function

PA in general has extensively been linked to improved cognition by previous studies through a range
of mechanisms. PA is a strong gene modulator that induces structural and functional changes in the
brain that are related to cognitive function. PA also functions as a neuroprotector against
neurodegeneration. It is, however, unclear whether this has to do with epigenetics, better lymphatic
mechanisms, or better compensation against attacks. Both experimental and clinical studies have
indicated that PA induces both structural and functional changes in the brain (Mandolesi et al., 2018).
PA is thought to have neuroprotective effects through a range of biological processes that result in
preservation of brain structure and function, a reduction of the risk of neurodegenerative disease, and
a decrease in neuroinflammation. One of the primary mechanisms of PA is the enhancement of
neuroplasticity, which is the ability of the brain to adapt and reorganize neural networks in response to
stimuli. PA induces increased production of BDNF, which is involved in the maintenance and growth
of neurons. BDNF can strengthen synaptic connections, which results in enhanced communication
between neurons, which facilitates learning and memory (Di Liegro et al., 2019). By promoting
neuroplasticity through BDNF, PA facilitates the maintenance of a healthier brain structure, which
counteracts the neural degradation that is observed in AD.

Additionally, cerebral blood flow (CBF) is enhanced by PA. CBF supplies oxygen and other nutrients
to brain tissues. Improved circulation results in angiogenesis as well, which is the formation of new
blood vessels. This particularly occurs in the hippocampus and as the hippocampus is involved in
memory and learning, PA counteracts the cognitive decline that is caused by AD as well through this
mechanism (Di Liegro et al., 2019).

PA also plays a role in reducing neuroinflammation and oxidative stress, which both are factors that
contribute to neurodegenerative diseases. Chronic inflammation and oxidative stress result in cell
damage and death. PA migates these effects, which are typical hallmarks of AD, and by altering immune
responses and reducing cytokine production, which are pro-inflammatory proteins (El Assar et al.,
2022). By activating neuroprotective mechanisms, cognition can be partly preserved in AD patients
(Liu et al., 2023). PA contributes to neuroprotection through a variety of mechanisms, and combined
they support cognitive ability and lower the risk and progression of AD.

1I1. Physical Activity Intensity & Cognition

IlIa. Definition of Physical Activity Intensities
To analyze and compare different studies, the PA intensities were determined based on the classification
of CDC and concluded in table 1 (CDC, link).
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Low-Intensity Physical Activity = Moderate-Intensity Physical Vigorous-Intensity Physical

(LPA) Activity (MPA) Activity (VPA)
| T |
Slow-paced, minimal exertion Sustained activity High exertion, intermittent or
sustained

Slow-paced walking, stretching, Brisk walking, light jogging, Running, swimming  laps,
household  activities, mild cycling at a steady pace, cycling at high speed, high-

strength training swimming at a moderate speed intensity interval training (HIIT)
<3 METs 3-6 METs >6 METs

< 50% of maximum heart rate 50-70% of maximum heart rate 70-85% of maximum heart rate
(bron) (bron) (bron)

Aerobic Aerobic Aerobic and anaerobic

Table 1: Classification of different intensities of PA based on data from CDC (link). The intensities are provided with a
description, examples of activities, MET scores, heart rate, and type of activity.

IITb. Physical Activity Intensities & Cognition

Different intensities of PA affect health via various mechanisms with different health effects as a result.
LPA can improve metabolic health, enhance circulation, and have beneficial effects on mental health
and cognition. MPA, specifically, improves cardiovascular health and aerobic capacity. However, VPA
has shown to be most beneficial in general for health improvements (Samitz et al., 2011). The effect of
different PA intensities on cognition specifically, and especially in the context of AD, remains to be
discovered.

In patients with mild cognitive impairment (MCI), PA in general has beneficial effects on cognition.
Different intensities of a PA intervention were compared, and revealed that MPA and VPA display
similar effects on the cognitive state of these individuals (Yu et al., 2022). Therefore, it remains
unknown whether and how different intensities affect cognitive performance in AD patients.

Ornish et al. (2024) have investigated the effects of intensive lifestyle changes on the progression of
MCI due to AD and plasma AP42/40 ratio. The study consists of 51 individuals (mean age = 73.5 y)
that were diagnosed with mild AD or MCI. During a 20 week period, the intervention group started an
intensive, multidomain lifestyle intervention compared to the control group, which received usual care.
The intervention entailed changes in diet, adjusted PA, stress management, group support, and
supplements. The PA intervention consisted of an aerobic exercise scheme of walking at least 30
minutes per day and performing mild strength exercises 3 times per week, which aligns with LPA in
table 1. Cognitive and biomarker assessment was performed after the 20 week intervention. The
intervention group showed an improvement in cognitive performance on the cognitive tests, whereas
the control group scored worse. Between-group analysis reveals a significant difference in the following
cognitive tests; CGIC (p = 0.001), CDR-SB (p = 0.032), and CDR-Global (p = 0.037), and an almost
significant difference in ADAS-Cog (p = 0.053). These findings indicate an improvement in cognition
due to the multidomain intervention.

Plasma AP42/40 ratio increased in the intervention group but decreased in the control group after the
intervention (p = 0.003, two-tailed), and is significantly correlated with lifestyle (p = 0.011, correlation
=0.306). These results indicate that the intensive lifestyle intervention is associated with an increase in
cognitive performance, as well as a lowered plasma Ap42/40 ratio. In the control group, the cognitive
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decline progresses further, and the plasma AP42/40 ratio increases, which is an indicator of AD
progression (Doecke et al., 2020).

An observational study by Desai et al., (2022) provides more insight into how different intensity levels
of PA are related to cognitive decline in individuals with elevated neurofilament light chain (NfL)
levels. NfL is a biomarker of axonal damage. High NfL levels are associated with cognitive decline in
AD (Giacomucci et al., 2022). The test group consists of 1158 older adults (mean age = 77.4 y) with
either high NfL levels ( > 25 pg/ml) or low NfL levels ( < 25 pg/ml). Based on self-reported PA, the
individuals are classified at 3 different PA intensity levels; low (no PA), medium ( < 150 min/week),
and high ( > 150 min/week). The PA activity includes aerobic training in a variety of disciplines, such
as uptempo walking, running, gardening, dancing, bicycle riding, and swimming. This intensity aligns
with MPA in table 1.

For individuals with elevated NfL levels, PA is associated with a slower rate of cognitive decline, with
a 12% slower rate for medium PA, and 36% slower rate for high PA compared to the low PA group.
High PA is specifically associated with better episodic memory (p = 0.03) and perceptual speed (p =
0.06). These results indicate that for individuals with biomarker scores that indicate axonal damage,
medium and high activity levels are associated with a decrease in cognitive decline, which can be linked
to AD. This study is merely an observational study, and therefore, no causal relation between MPA and
cognitive performance can be concluded.

Yu et al. (2021) have investigated a lifestyle intervention as well, with aerobic exercise as an isolated
factor over the timespan of 6 months. The test group included 96 patients (mean age = 77.4 y) diagnosed
with mild-to-moderate AD. The intervention consisted of cycling at a moderate intensity for 20-50
minutes at 50-70% of maximum heart rate for 3x per week, which corresponds to MPA in table 1, and
the control group performed low intensity stretching instead, which corresponds to LPA in table 1.
Cognitive performance was assessed through ADAS-Cog and MMSE examination. Right after the 6-
month intervention, the ADAS-Cog score revealed a smaller within-group decrease than the natural
expected (p = 0.001), which indicates a slower cognitive decline. However, the 12-month difference
analysis did not show significant differences between the intervention group and the control group (p =
0.386). The rate of change of ADAS-Cog score over 12 months was smaller in the intervention group
(0.192) than the control group (0.200) but is not statistically significant. These results indicate that the
intervention results in slower cognitive impairment right after the intervention, but these results do not
last for a prolonged period after the intervention. This could be due to a lack of statistical power, or due
to PA not having long-lasting cognitive effects.

Gaitan et al. (2021) investigated a test group of 25 cognitively healthy individuals (mean age = 63.9 y)
who are considered AD risk patients, due to either a genetic predisposition, or a familial background.
The individuals were selected on an inactive lifestyle at baseline (PA < 150 min/per week). The
intervention consisted of 26 weeks of aerobic treadmill exercise at 60-75% of the maximum heart rate
for 3x per week. The control group continued with usual PA levels. The PA intensity of the intervention
corresponds to MPA to VPA in table 1. After the 26-week intervention, cognitive performance was
assessed with MMSE, CVLT, and D-KEFS, which are comprised of different subsets. The intervention
resulted in improved cognitive function, and in particular, executive function (p < 0.005) and episodic
memory (p = 0.005). VO,peak was measured for assessing cardiorespiratory fitness, which had
significantly increased in the intervention group (p = 0.018), but not in the control group (p = 0.557). A
previous study from Gaitan et al. (2019) has revealed a correlation between increase in VOpeak and
change in D-KEFS (p =0.032). Biomarker analysis reveals significantly increased Cathepsin B (CTSB)
level (p = 0.009), decreased brain-derived neurotrophic factor (BDNF) level (p = 0.003), and increased
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sphingolipid and phospholipid levels (p < 0.001). A correlation was discovered between change in
plasma CTSB level and change in CVLT outcomes (p < 0.05). No other correlation between biomarker
and cognitive outcomes were found. These results indicate that CTSB can be used as a marker for
cognitive changes (CVLT) for middle-aged adults at risk for AD. As the intervention has positive effects
on executive function and episodic memory, this intensity of PA could be further analyzed to investigate
whether it can be implemented in AD treatment.

Sobol et al. (2018) have investigated the relation between change in fitness and change in cognition and
neuropsychiatric symptoms after a 16 week intervention of supervised aerobic exercise for 30 minutes
at 70-80% of the maximum heart rate for 3x a week, which could consist of bicycle, cross-trainer, or
treadmill exercise. The control group received usual care. The test group consisted of 55 patients (mean
age = 609.2) diagnosed with mild AD. After the 16-week intervention SDMT testing was used for
assessing cognitive performance, NPI testing for neuropsychiatric symptoms, and VO;peak for
cardiorespiratory fitness. The cognitive test solely did not show significant results between intervention
and baseline. However, between-group analysis between baseline and the 16-week intervention
revealed a higher absolute VO;peak in the intervention group (p = 0.001), as well as a larger increase
in VO,peak (p = 0.003). With combined data of the control and the intervention group, associations
were found between change in VOspeak and change in SDMT (rho = 0.36, p = 0.01), and between
change in VOspeak and change in NPI (tho = -0.41, p = 0.042). These results indicate that the
intervention results in a larger increase of VO,peak and a higher absolute VO,peak. Change in VO,peak
is correlated with change in cognition and change in neuropsychiatric symptoms.

Physical Activity Intensity & Alzheimer’s Disease Biomarkers

APar/ao ratio: A lower AB42/40 ratio is linked to increased plaque deposition and AD progression.
A4z is more prone to aggregate and is therefore associated with AD (Doecke et al., 2020).

NfL: NfL is a protein that is released when axons are damaged. Elevated NfL levels are associated
with AD as it is a sign of neurodegeneration (Giacomucci et al., 2022).

CTSB: An enzyme that is involved in protein degradation. Elevated CTSB levels are associated with
AD, as it improves memory deficit and reduces AP (Hook et al., 2023).

Sphingolipids and phospholipids: Lipid molecules that are involved in maintaining structural
integrity of the cell, signal transduction and neuroprotection. High sphingolipid and phospholipid
levels are associated with AD (Wang et al., 2024; Kosicek & Hecimovic, 2013).

BDNF: A protein that is involved in neuronal growth. A reduced BDNF level is associated with
later stages of AD. In early AD stages, an increase in BDNF is observed as a compensatory
mechanism (Ng et al., 2021).
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fitness (associated
with cognitive and
neuropsychiatric
improvements)

Limitations

Multidomain
intervention; no
isolated PA.
Small sample
size

Self-reported
PA levels.
Observational
study

No biomarker
measures. Small
sample size, no
superior effects.
Pilot study

Small sample
size, only
specific to
biomarkers
CTSB, BDNF

No biomarker
measures.
Small sample.
Mixed effect
social
interaction.

Table 2: A summary of the main characteristics and findings of the 5 papers. The 5 papers that are used for

comparison are categorized, in ascending order from lowest PA intensity to most vigorous PA intensity.

Characteristics about the study set up and results are summarized in the table, containing test group characteristics
(number, age, AD status, other selected criteria), PA intensity according to table 2, cognitive outcomes, biomarker
outcomes (if mentioned), main result, and limitations for the (contextual) interpretation of these studies (Ornish

etal., 2024; Yu et al., 2021; Desai et al., 2022; Gaitan et al., 2021; Sobol et al., 2018).

!'In CGIC, CDR-SB, CDR Global. Almost significant in ADAS-Cog.
2 Particularly in individuals with elevated NfL.
3 In ADAS-Cog at 6 months. No differences between 6-12 months

4 NPI test
5 SDMT test


https://pubmed.ncbi.nlm.nih.gov/38849944/
https://pubmed.ncbi.nlm.nih.gov/33523004/
https://pubmed.ncbi.nlm.nih.gov/35315915/
https://pubmed.ncbi.nlm.nih.gov/34093436/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6087450/

1V. Discussion & Implications

The study of Ornish et al. (2024) focuses on a low-intensity PA intervention in combination with a
broader range of lifestyle interventions, including diet, social engagement, and supplements. This multi-
domain intervention causes significant improvement of the cognitive condition of the patients that
underwent the intervention, compared to the control group. Therefore, the intervention appears to be
effective in treating AD-related cognitive decline. However, it is not possible to analyze how the LPA
as an isolated factor has contributed to these results. It is possible to hypothesize, based on these results,
with which mechanism LPA could affect the results, but the direct link remains elusive. For clinical
implications, the study is of great scientific significance, as the multi-domain can be incorporated into
standard AD treatment. For examining what the effects of LPA specifically is on cognitive decline
related to AD, this study does not suffice. The significant correlation between plasma Ap42/40 ratio
and cognitive function is supported by literature, as increased plasma AB42/40 ratio is proposed to be a
biomarker for amyloid clearance, which is thought to be related to cognitive performance (Stevens et
al., 2022). However, the relation between AP and cognitive impairment is not established in other
literature (Aizenstein et al., 2008; Pan et al., 2022).

The study of Desai et al. (2022) does isolate PA as a separate factor to investigate the effect of different
PA levels on cognition, both in individuals with low and high NfL levels. A limitation of this study is
that the study is an observational study that links self-reported PA levels to cognitive decline. Therefore,
the causality between PA level and cognitive outcomes cannot be established. Various genetic and
environmental factors, which are not accounted for, can alter the cognitive outcomes, as these factors
are not manipulated with an intervention in the research. Environment and NfL levels can have a
reciprocal effect on each other, and the environmental factors that affect NfL levels, can be the same
factors that affect PA level of the individuals (Koini et al., 2022). Therefore, there might be a skew in
the representability of the test group. Self-reporting has also been observed not to be reliable in patients
with mild vascular cognitive impairment, which makes it questionable whether patients with mild
cognitive decline related to AD are able to (Verdelho et al., 2022). If reliability of self-reporting
decreases with a heavier cognitive decline, this might skew the outcomes of the research. For examining
how different intensities affect AD-related cognitive decline, the study is not adequate, as it lacks a
manipulated factor in the research, and the scored PA level (low / medium / high) only provides insight
about duration and frequency, not the specific intensity. Therefore, for understanding the disease and
its possible treatments, it is of significance to observe how PA levels affect cognition, especially in
individuals with elevated NfL levels, but it does not provide causal explanation.

Yu et al. (2021) compared an MPA intervention to an LPA intervention, which did reveal within-group
differences right after the intervention compared to the baseline, but not between-group differences.
The effect was diminished after 6 months after the intervention. The study does account for a social
effect, by having similar interventions for the control group and the experimental group, whereas the
results of the other studies could be affected by the positive influence of a social effect as well (Ren et
al., 2023). The only factor that differs between these two groups is the intensity of PA. This allows for
very precise testing for the effect of different PA intensities. The study does not include biomarker
measures, which makes it more difficult to back up findings, or to elucidate certain associations. This
study design could be improved by including more cognitive and biomarker measures.

Gaitan et al. (2021) use a moderate-to-vigorous intensity PA intervention of treadmill exercise for 3x
per week for 6 months. This allows for examination of a longer intervention period, which might yield
more reliable results than a shorter intervention period. This study measures cognitive function, as well
as specific AD-related biomarkers, such as CTSB, sphingolipids, and phospholipids. These measures
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allow for investigating the mechanism behind the observed neuroprotection related to the PA. The
cognitive testing uses multiple tests, with different cognitive domains, which yields specific results, as
general cognitive performance did not show significant results, but certain domains did. As the study
has a sample size of only 25 subjects, the study does not have a great statistical power, and therefore,
the results would be more reliable if the procedure was to be repeated with a larger sample size. The
cognitive domain-specific findings can be implemented in treatment, especially when the symptoms
regard that specific domain.

Sobol et al. (2018) used a moderate-to-vigorous intensity PA intervention as well, consisting of aerobic
activity for 3x a week, for a period of 16 weeks. The study uses VO,peak as an objective measure of
PA intensity, which has as a benefit that this study is easily comparable to other studies that also use
VO;,peak as an objective measure, which could evade the problem that different studies in the field use
different measures for intensity. The only cognitive performance measure was the SDMT test, which
mainly tests for cognitive processing speed, which is a component of a healthy functioning cognition.
However, other factors, such as memory processing and executive functions, are involved as well and
can be separately assessed (Harvey, 2019). This would provide a more complete image of AD-related
cognitive impairment and possible improvements that result from an intervention. The conclusive
statement that the combined data of the control and the intervention group resulted in associations
between change in VO,peak and change in SDMT and NPI, could be misinterpreted. It seems that a
general association between VO;peak and the other measures is established. However, separate analysis
reveals that this association is only present in the control group (rtho = 0.74, p < 0.0001), but not in the
intervention group (rho =0.23, p=0.26). Therefore, the VO,peak measure could be useful for predicting
cognitive performance at baseline, but not after an intervention.

When comparing the duration of the experiment, it is noticeable that the durations vary a lot between
the studies. Desai et al. (2022) perform a one-time measurement without any manipulated parameters,
and Sobol et al. (2018), Ornish et al. (2024), and Gaitan et al. (2021) perform both measurement at
baseline, and at the end of the intervention at week 16, week 20, and week 26 respectively. Yu et al.
(2021) performs measurement at baseline, month 3, 6, 9, and 12. The study of Yu et al. is an example
of how outcome measures differ at different time points, which makes it difficult to compare studies.
The studies could be improved by adding multiple time points for measuring. This would result in more
comparable studies and would increase the reliance of the studies as well.

Future research should aim for more standardized procedures. Standardized testing would allow for
more easily comparable results. This is necessary for comparing different intensities of PA on cognitive
measures. When comparing current literature, many different measures are used to categorize PA
intensity, such as percentage of the maximum heart rate, duration, frequency, and type of activity. It
would be more straightforward if there was a more generally used scale of different intensities, which
includes all of these measures. Future research can also benefit from standard testing for various
biomarkers that are related to either cognitive decline related to AD or to PA intensity. Examples of
biomarkers are AD hallmarks, such as AP, APs, and phosphorylated tau, as well as metabolic
products, such as lipids, and biomarkers that indicate the effect of PA, such as blood pressure, increase
in maximum heart rate, and increase in VO;peak (Gunes et al., 2022). Desai et al. have demonstrated
that it is possible that there is no significant general cognitive effect, while there is a significant effect
on a specific cognitive domain. Therefore, future research would provide more reliable results if the
cognitive assessment tests multiple cognitive domains separately as well. Some cognitive domains are
more associated with certain AD pathologies than others (Digma et al., 2019). This would yield more
precise results and could improve the field by providing more insights in specific mechanisms or
specific brain regions that are affected by AD and by the PA intervention.
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For future research, as study design with multiple test groups would be beneficial gain more insight into
how different intensities of PA affect cognition related to AD. There would be 4 test groups: control
group (no PA), LPA group, MPA group, VPA group. The test group would consist of individuals with
similar background in lifestyle, genetics (i.e., no specific predisposition), and AD status (e.g., MCI).
During an intervention period of 25 weeks, the control group receives no PA intervention but continues
regular treatment. The other 3 groups undergo an intervention corresponding to the specific intensity
level. Different cognitive domains are tested, and multiple biomarkers are measured, as previously
proposed. This would allow for more precise determination of which protective mechanisms are
involved and will result in more easily comparable results. This study design provides more insight in
how the specific PA intensities affect the cognitive and biomarker measures that are associated with
AD. Biomarkers and cognition will be measured every 5 weeks up to 25 weeks after the intervention,
which will provide a more complete picture of how these measures progress over the time of the
intervention and the period after. These measurements in the context of the timeframe of the
intervention will provide insights into whether PA can be a long-acting intervention as a supplement
for treating AD-related cognitive decline.

Gaining more understanding in how different PA intensities counteract AD-related cognitive decline
will subsequently allow for more suitable treatment options. After more extensive research, healthcare
professionals might be able to offer personalized interventions for recently diagnosed AD patients.

V. Conclusion

In this review, the effect of different intensities of PA on cognitive decline associated with AD was
investigated. Findings indicate that PA is an effective intervention to either target AD-related cognitive
decline in patients with MCI, or to prevent cognitive decline in AD risk patients. As most findings are
co-influenced by other factors, such as a multifactorial intervention or social effects, no direct
conclusion on the effects of different types of PA intensity can be drawn. These findings indicate that
PA can function as a supplemental treatment to pharmacological treatment, as these findings show
promising effects. However, to obtain more knowledge on the mechanisms behind these effects, and on
which intensity is most effective, further research is required. Future research would benefit from more
standardized biomarker testing and multi domain cognitive testing for more striking results. Ultimately,
these findings suggest that PA could play a significant role in the prevention and delay of AD-related
cognitive symptoms, which would result in less burden for society.
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