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Physical exercise has emerged as a promising non-pharmacological intervention for Alzheimer’s disease (AD), with

demonstrated effects on promoting neurogenesis, activating neurotrophic factors, reducing Aβ aggregates,

minimizing the formation of neurofibrillary tangles (NFTs), dampening inflammatory processes, mitigating oxidative

stress, and improving the functionality of the neurovascular unit (NVU). Overall, the neuroprotective effects of

exercise are not singular, but are multi-targets. 

physical exercise  Alzheimer’s disease

1. Introduction

Numerous studies conducted on mouse AD models have consistently highlighted the positive effects of exercise

and physical activity on memory-related tasks. This correlation extends to individuals diagnosed with AD, where

engaging in exercise and physical activity has demonstrated tangible enhancements in mental well-being, cognitive

progress, and brain functionality (Figure 1) .[1][2][3][4]
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Figure 1. Neuroprotective effects of physical exercise in AD. Abbreviations: Aβ: amyloid beta; BBB: blood–brain

barrier; CAA: cerebral amyloid angiopathy; CBF: cerebral blood flow; NVU: neurovascular unit; RNS: reactive

nitrogen species; ROS: reactive oxygen species. ↑ (Increase) ↓ (Decrease). This figure was created with

BioRender.com (accessed on 13 October 2023).

Exercise triggers a cascade of cellular and molecular transformations within the mouse brain. These cascades

facilitate a range of physiological phenomena, including the promotion of neurogenesis and the activation of

neurotrophic factors. These factors, such as those contributing to long-term potentiation (LTP), play pivotal roles in

bolstering learning, memory, and neural plasticity. Moreover, exercise contributes to a reduction in Aβ peptides,

minimizes the formation of NFTs, dampens inflammatory processes, and mitigates oxidative stress (as depicted in

Figure 1 and Figure 1) . Therefore, physical exercise exerts neuroprotective effects by acting on multiple

targets, rather than relying on a single mechanism.

2. Beneficial Mechanisms of Physical Exercise on
Neuropathological Hallmarks of AD

The core neuropathological characteristics of AD encompass Aβ peptide and the hyperphosphorylated tau protein.

Consequently, most of the research pertaining to the influence of exercise has been centered on assessing its

impact on these defining attributes. In multiple investigations employing murine disease models, interventions

involving both mandatory and voluntary exercise have consistently demonstrated a dampening effect on these

[5][6]
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traits . Several potential mechanisms have emerged, encompassing diminished Aβ production, augmented

Aβ clearance, and reduced NFTs (Figure 1) .

Patient studies employ specialized tools like positron emission tomography (PET) radiotracers, including the

Pittsburgh B (PiB) compound, and magnetic resonance imaging (MRI) to effectively identify Aβ peptide deposits

and their neurological consequences. These techniques also allow for a precise assessment of how exercise

impacts these pathological markers. By using 11C-PiB PET, researchers obtain images of Aβ aggregates and

measure the cerebral quantity of Aβ . Notably, these studies highlight that engaging in physical activity

could potentially enhance the clearance of Aβ 1–42 or reduce its deposition . However, to thoroughly

understand the effects of exercise on both Aβ and tau imaging, rigorous clinical trials are essential. These trials

would bridge the gap between experimental findings and potential applications for AD diagnosis and treatment.

Animal studies have demonstrated that interventions involving forced and voluntary exercise can attenuate

neuropathological signs . Concerning Aβ peptide levels, physical exercise appears to influence volume

modulation, particularly for Aβ 1–42, in brain regions like the hippocampus and neocortex . In models of

tauopathy, exercise has been shown to reduce brain tau phosphorylation . This cumulative body of evidence

suggests that exercise could hold promise as a therapeutic strategy to address the neuropathological aspects of

AD.

3. Impact of Physical Exercise on Neurotrophins

Neurotrophic factors (NTFs) and their receptors play a crucial role in neural cell maturation and proliferation,

regulate the development and survival of neurons, and appear to be involved in the endogenous neuroprotection of

different neurons . NTFs support neuronal survival and function in the adult central nervous system (CNS),

generating broad interest in the use of these factors to intervene in neurodegenerative diseases .

Most of the favorable effects of exercise in AD have been ascribed to signaling enhancement and the release of

NTFs, notably brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF), glia-derived neurotrophic

factor (GDNF), and type 1 insulin-like growth factor (IGF-1). These factors are essential in maintaining neuronal

functionality and fostering neuroplasticity (Figure 1) . Decreased levels of BDNF in blood plasma have been

linked to neurodegeneration, a decline in hippocampal volume, and cognitive impairment associated with AD .

Nonetheless, BDNF activates an array of signaling pathways that are integral to neural function, and its levels have

a positive impact on memory and a reduction in cognitive decline, as evidenced through exercise interventions 

.

On the other hand, NGF plays a pivotal role in ensuring the survival of cholinergic neurons and shielding them

against chemical stressors. In the context of AD, a reduction in NGF has been linked to cognitive deterioration,

while exercise in AD mouse models has demonstrated its potential to enhance the expression of this factor.

Nevertheless, exercise has inconsistent effects on NGF levels in patients . Conversely, diminished levels of IGF-

1 have been associated with both aging and AD . However, a rat model of AD exhibited elevated serum IGF-1

[7][8][9][10]

[11][12]

[13][14][15]

[16][17]

[7][8][9][10]

[18]

[19]

[20]

[21]

[22]

[22]

[22]

[23][24][25]

[22]

[26][27]



Beneficial Mechanisms of Physical Exercise in Alzheimer’s Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/51259 4/16

levels and improved working memory following aerobic and resistance exercise interventions, suggesting a positive

impact on cognition . Similarly, in patients with AD, exercise has the capacity to elevate IGF-1 levels, thereby

potentially yielding enduring effects . This collective understanding underscores exercise’s multifaceted impact

on essential NTFs, offering a promising avenue for addressing cognitive impairments in AD.

4. Influence of Physical Exercise on Neuroinflammation

Neuroinflammation is an inflammatory reaction in the CNS that includes immune cell infiltration, microglial

activation, and pro-inflammatory cytokine release (Figure 1) . In postmortem AD brains, inflammatory markers

have been identified surrounding the extracellular Aβ deposits . In murine models of AD, exercise has a

downregulating effect on proinflammatory cytokines such as IL-1β, IL-6, and TNF-α, contributing to a less

inflammatory environment . Moreover, exercise triggers notable morphological and functional transformations

in astrocytes by promoting their growth and attenuating astrogliosis. This suggests that physical activity can

potentially modulate inflammatory responses within the brain, particularly in the hippocampus . Cognitive

improvements induced by exercise in mice are associated with the modulation of neuroinflammation .

Likewise, in individuals with AD, elevated levels of cytokine profiles, such as IL-6, TNF-α, and IL-1β, have been

seen in plasma and cerebrospinal fluid samples . These cytokines are known to stem from reactive

astrocytes and microglia, as observed in postmortem AD patient brains , and impact gliotransmission and

neurotransmitter uptake, which are closely associated with cognitive dysfunction . Notably, aerobic exercise can

reduce elevated cytokine levels , suggesting that it can potentially counteract the inflammation-related

cognitive decline observed in AD.

5. Effects of Exercise on Oxidative Stress

In AD, an elevation in ROS and reactive nitrogen species (RNS) production leads to oxidative stress, exacerbating

damage linked to inflammatory responses and instigating neurodegeneration through apoptosis . Interestingly,

physical exercise emerges as a significant contributor to neuronal activation in the hippocampal region, as it

requires a heightened mitochondrial capacity to generate ATP via the oxidative phosphorylation of glucose.

Paradoxically, this heightened oxidative activity also triggers ROS accumulation, posing a threat to neurons .

However, exercise initiates a cascade of counteractive mechanisms that enhance mitochondrial function and

attenuate the impact of ROS (Figure 1) . Enzymes like superoxide dismutase 1 and 2 (SOD1 and SOD2) and

increased catalase levels, elevated through exercise, augment brain antioxidant capacity . Notably, chronic

exercise in AD mouse models boosts glutathione (GSH), the primary antioxidant enzyme, along with the essential

tripeptide (glutamate, cysteine, and glycine) .

In AD, elevated lipid peroxidation contributes to neuronal membrane damage. Malondialdehyde is a significant

marker of this deterioration, but aerobic exercise, resistance exercise, and forced swimming interventions have

demonstrated the ability to diminish it . Patient studies substantiate the efficacy of exercise in decreasing pro-
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oxidant parameters and bolstering antioxidant capacity, irrespective of exercise type or intensity. Exercise has also

been linked to reduced ROS levels and catalase serum activity, accompanied by heightened nitrite levels and

interleukin 4 (IL4), affirming its potency in curbing oxidative stress in AD .

Collectively, the interplay between oxidative stress and physical exercise in AD underscores the potential of

exercise interventions to strategically counteract the detrimental effects of ROS and RNS production. These

insights not only shed light on the multifaceted nature of AD pathogenesis but also present a compelling case for

the inclusion of exercise as a promising adjunctive therapeutic strategy for attenuating the oxidative burden and

potentially slowing the progression of AD.

6. Effects of Exercise on Neurotransmitters

Neuropsychiatric symptoms during AD-like aggression, agitation, and depression are attributed to an alteration in

neurotransmission systems, including the serotoninergic, dopaminergic, noradrenergic, and cholinergic systems

. Cholinergic system alterations are present in the early stages of the disease and are exacerbated with

degeneration . In the Veronese study, it is proposed that exercise modulates neurotransmitter production,

thereby decreasing depressive behavior and aggression . It has been found that voluntary and forced physical

exercise prevent the loss of cholinergic innervation to the hippocampus as well as the decrease in cholinergic

fibers, resulting in improved cognition and motor skills .

Serotonergic system activation through physical exercise benefits cognitive performance and the emotional

component. Animal studies using physical exercise have reported an increase in the activity of serotonergic

neurons. This effect has been seen with both acute and chronic exercise .

Another neurotransmission system that benefits from the practice of exercise is the dopaminergic system.

Dopamine levels rise in the hippocampus after exercise. Moreover, in an animal study with an aerobic exercise

intervention, such as swimming, researchers found increased dopamine levels that were associated with memory

improvement .

Regarding norepinephrine (NE), studies have shown that long-term exercise may lead to increased levels of NE

. Voluntary exercise in mouse models increases NE levels in the hippocampus and amygdala, which is

proposed to contribute to the control of neuropsychiatric symptoms .

In patients, exercise intervention can increase the availability of tryptophan, a serotonin precursor that can

decrease depressive symptoms and improve cognition . Concerning dopamine, receptor affinity is enhanced,

and dopamine levels increase in the hippocampus . In patients with MCI, aerobic exercise has been shown to

increase NE levels and improve memory . However, there are no data regarding the effects on acetylcholine

levels in patients with this type of intervention.
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The relationship between exercise and neurotransmission systems presents a hopeful avenue for enhancing

cognitive function and managing neuropsychiatric symptoms in AD. Further exploration through clinical trials and

comprehensive studies will be essential to fully understand the potential of exercise as a therapeutic strategy for

alleviating the cognitive and emotional burdens associated with the disease.

7. Effects of Exercise on Neurogenic and Anatomical
Aspects

In their seminal studies, Van Praag and colleagues (1999)  established the existence of neurogenic zones in the

hippocampus of adult mice. These zones are situated in the subventricular and subgranular regions of the dentate

gyrus . In both regions, voluntary wheel running has been linked to an augmentation in the maturation of new

neurons, complementing their proliferation, survival, and differentiation into new entities .

Aerobic exercise and physical activity also attenuate brain atrophy, which is correlated with gray matter volume and

white matter diffusion tensor imaging, as well as with cognitive severity . This effect is rooted in the

capacity of exercise to induce plasticity and functional changes in the brain. Similar structural modifications have

been demonstrated in mouse models of AD, where both enriched environments and physical exercise interventions

induced distinct structural changes within regions like the cerebellum, cerebral cortex, and hippocampus when

compared to sedentary groups .

Human studies involving histological markers and cellular division assessments via BrDU or Carbon 14 have

further validated hippocampal neurogenesis in adults . Additionally, the concept of separation patterns,

denoting the differentiation of similar experiences via distinct activity patterns, has been associated with the

observation of neurogenesis in the hippocampus. This correlation is supported by studies of young adult

participants who underwent light physical exercise interventions. These studies revealed memory enhancement

through the mediation of separation patterns within the dentate gyrus .

The integration of these insights into clinical practice holds tremendous potential. Incorporating exercise

interventions as a proactive approach to stimulate neurogenesis and combat brain atrophy could pave the way for

novel strategies in treating neurodegenerative conditions, including AD (Figure 1). By harnessing the power of

exercise and leveraging these findings to promote neuroplasticity and structural changes, scientists can

substantially improve cognitive health and enhance quality of life.

8. Effects of Exercise on Cognition

Considering that AD predominantly manifests with cognitive symptoms rather than motor deficits, it is imperative to

comprehensively assess the impact of exercise on cognition. Thus, a strong body of evidence has emerged from

animal models . Studies in AD mouse models have evaluated a range of parameters, including learning, spatial

memory, working memory, exploratory behavior, and affective behavior. Although some results have been

inconsistent , possibly due to the diversity of the utilized models, variations in exercise protocols, and the

[54]

[55]

[56][57][58][59]

[60][61][62]

[63][64]

[65][66]

[65][67]

[59]

[68][69]



Beneficial Mechanisms of Physical Exercise in Alzheimer’s Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/51259 7/16

spectrum of behaviors assessed, most studies agree that physical exercise has a positive impact and no

detrimental effects on cognitive function have been observed .

In studies involving human patients, the findings remain heterogeneous. A systematic review covering 13 studies

with a total of 869 AD patients unveiled significant effects in eight studies, while five reported no discernible

changes following interventions . Another comprehensive report encompassing 1145 patients with MCI and AD

revealed favorable outcomes attributed to aerobic exercise . Subsequently, a study by Demurtas et al. (2020),

encompassing 14,209 patients with MCI and dementia, highlighted positive exercise effects on global cognition,

although no disparities were noted in specific evaluations of attention, executive function, and memory .

Consequently, discerning the precise impact of exercise on cognition is complex due to the dearth of specific

exercise guidelines for brain health and AD. This complexity arises from the diverse array of protocols applied

across different disease stages as well as the heterogeneous assessment methods and scales employed, all of

which contribute to the variances in outcomes. As such, substantiating the benefits of exercise on cognitive

functions in the context of AD requires a more robust body of evidence.

9. Effects of Exercise on the Neurovascular Unit

Aβ peptide deposition is not exclusive to neuritic plaques within the brain parenchyma. It also accumulates in

cerebral blood vessels, leading to cerebral amyloid angiopathy (CAA) . The histopathological transformations

observed in CAA are intimately interconnected with the neurovascular unit (NVU) and blood–brain barrier (BBB)

dysfunction. In AD, the integrity of both the BBB and cerebral blood flow is compromised due to NVU components,

such as pericyte degeneration, endothelial cell alterations, astrocytic foot dysfunction, and basal membrane

deterioration, which collectively exacerbate disease progression . Although specific treatments for vascular

dysfunctions are lacking, exercise emerges as a potential therapeutic measure.

Evidence from the TgCRND8 model of vascular amyloidosis indicates that exercise intervention yields reductions

in the CAA along with hippocampal vasculature normalization . Similarly, researchers' working group

demonstrated CAA reduction after three months of voluntary exercise, coupled with beneficial effects on vascular

morphology and NVU components in the 3xTg-AD model (Figure 1) . Another study employing the 5xFAD

model reported that exercise can ameliorate BBB dysregulation, fostering pericyte proliferation and elevating levels

of ZO-1 and claudin-5 proteins over a four-month treatment period .

While human research into the effects of exercise on these alterations remains limited, increased cerebral blood

flow, reduced cardiovascular risk factors, and enhanced angiogenic factors following interventions have been

linked to improved memory . These findings collectively underscore the pivotal role of physical exercise in

addressing vascular disorders, presenting a promising avenue for comprehensive treatment strategies.

10. Effects of Exercise on Metabolism
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AD is closely interlinked with metabolic diseases and their alterations. An evident association is observed in the

intricate connection between type 2 diabetes mellitus (T2DM) and cognitive impairment. Furthermore, AD is

distinguished by a reduction in glucose consumption, directly impacting learning and memory capacities.

Perturbations in glucose metabolism reverberate through neurotransmission maintenance and neuronal function,

prompting considerable investigation into the link between AD and metabolic pathways, including enzymes

associated with glycolysis .

Lifestyle habits play a pivotal role in the context of AD. Obesity stands as a prominent risk factor due to its potential

to induce insulin resistance, intricately intertwined with AD. Notably, dietary habits come into play; individuals

consuming diets that are rich in cholesterol, saturated fats, and hypercaloric components exhibit an elevated AD

risk, while those favoring fiber, vegetables, and fruits demonstrate lower susceptibility .

In this landscape, regular exercise emerges as a potent tool for overall health, capable of preventing and managing

various health conditions. Exercise serves as a preventive measure and treatment approach for obesity and

metabolic dysregulation. Its impact extends to positively influencing metabolic syndrome, obesity, insulin

resistance/T2DM, dyslipidemia, and hypertension .

Moreover, physical exercise fosters glucose uptake by facilitating crucial processes such as efficient glucose

delivery, transportation across muscle membranes, and heightened intracellular flux through metabolic pathways

involved in glycolysis and glucose oxidation . Consequently, exercise assumes a pivotal role in the prevention

and management of overweight and obesity. The WHO recommends 150 to 250 min of moderate-intensity physical

exercise per week to stave off weight gain. A plethora of studies underscore exercise’s capacity to enhance

cardiometabolic health, insulin sensitivity, and lipolysis .

Looking ahead, integrating exercise interventions as a comprehensive strategy for managing and potentially

preventing AD holds promise. However, challenges remain, including the need for tailored exercise guidelines and

understanding the optimal exercise regimens for various stages of the disease. Long-term studies examining the

sustained impact of exercise on metabolic and cognitive health in AD patients are essential for providing solid

evidence for its effectiveness.
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